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ABSTRACT

BACKGROUND: The safety and efficacy of
convalescent plasma in severe corona-
virus disease 2019 (COVID-19) remain
uncertain. To support a guideline on
COVID-19 management, we conducted a
systematic review and meta-analysis of
convalescent plasma in COVID-19 and
other severe respiratory viral infections.

METHODS: In March 2020, we searched
international and Chinese biomedical liter-
ature databases, clinical trial registries and
prepublication sources for randomized
controlled trials (RCTs) and nonrandom-
ized studies comparing patients receiving
and not receiving convalescent plasma. We
included patients with acute coronavirus,
influenza and Ebola virus infections. We

conducted a meta-analysis using random-
effects models and assessed the quality of
evidence using the Grading of Recommen-
dations Assessment, Development, and
Evaluation (GRADE) approach.

RESULTS: Of 1099 unique records, 6 stud-
ies were eligible, and none of these
included patients with COVID-19. One
nonrandomized study (n = 40) on conva-
lescent plasma in severe acute respira-
tory syndrome coronavirus (SARS-CoV)
provided uninformative results regarding
mortality (relative risk [RR] 0.10, 95%
confidence interval [CI] CI 0.01 to 1.70).
Pooled estimates from 4 RCTs on influ-
enza (n = 572) showed no convincing
effects on deaths (4 RCTs, RR 0.94, 95%

Cl 0.49 to 1.81), complete recovery
(2 RCTs, odds ratio 1.04, 95% CI 0.69 to
1.64) or length of stay (3 RCTs, mean dif-
ference -1.62, 95% Cl -3.82 to 0.58, d).
The quality of evidence was very low for
all efficacy outcomes. Convalescent
plasma caused few or no serious adverse
events in influenza RCTs (RR 0.85, 95% CI
0.56 to 1.29, low-quality evidence).

INTERPRETATION: Studies of non-
COVID-19 severe respiratory viral infec-
tions provide indirect, very low-quality
evidence that raises the possibility that
convalescent plasma has minimal or no
benefit in the treatment of COVID-19 and
low-quality evidence that it does not
cause serious adverse events.

in nearly 3 million individuals around the globe, of whom

around 0.2 million have died.! Many patients with COVID-

19 develop severe acute respiratory illness requiring admission

to intensive care units (ICU) and often mechanical ventilation.?

The case fatality rate in COVID-19 may be as high as 2.3% overall?

and from 10% to 40% among severely affected individuals.®*
There is an urgent need for effective therapies.

Emerging epidemiologic and clinical data show both similar-

ities and differences between severe COVID-19 and severe acute

respiratory syndrome (SARS) and Middle East respiratory syn-

C oronavirus disease 2019 (COVID-19) has been diagnosed

drome (MERS).® Similarly, treatment strategies for severe influ-
enza infections tested during the HIN1 pandemic and H5N1 and
H7N9 outbreaks could inform the care of patients with severe
COVID-19.¢

Of the treatment options proposed for COVID-19,” convales-
cent plasma has evidence suggesting a mortality benefit for
Ebola virus infection.® This intervention has also been tested in
other severe acute viral respiratory infections.5*° “Convalescent
plasma” refers to plasma obtained from individuals recently
recovered from a viral illness, which is expected to contain the
highest levels of polyclonal antibodies directed against the
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virus.!* Similarly, “hyperimmune plasma” is collected from
donors exhibiting high titres of neutralizing antibodies, independ-
ent of time elapsed since viral illness. Authors have used the
terms interchangeably, and because viral neutralization is only
one of the postulated mechanisms by which antibodies exert
their antiviral effect, the importance of the distinction between
the 2 products remains unclear (Figure 1).

Clinicians have typically administered convalescent plasma to
patients with viral infections whose condition deteriorated despite
supportive care.® Although the primary postulated mechanism of
action of convalescent plasma is reduction in viremia (passive
immunity),'? an increase in host immune response (active immun-
ity) has also been proposed.’* We describe in Figure 1 the possible
mechanisms by which convalescent plasma inhibits severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2).

Systematic summaries of the available evidence regarding
safety and effectiveness can inform the use of convalescent plasma
in patients with COVID-19. We therefore conducted a systematic
review to summarize the evidence for convalescent plasma to sup-
port a guideline on COVID-19 management.* Because we antici-
pated a paucity of direct evidence addressing the use of convales-
cent plasma in COVID-19, we summarized the available evidence
addressing convalescent plasma in the treatment of SARS, MERS
and influenza, including HIN1, H7N9 and H5N1, as well as address-
ing possible adverse effects in patients with Ebola disease.

Methods

This systematic review and meta-analysis follows PRISMA (Pre-
ferred reporting items for systematic reviews and meta-analyses)
reporting guidelines.’> A supplementary file presents the system-
atic review protocol (Appendix 1, available at www.cmaj.ca/
lookup/suppl/doi:10.1503/cmaj.200642/-/DC1).

Study selection

We included studies of patients infected with SARS-CoV-2, SARS-
CoV, MERS-CoV or influenza virus with severe respiratory infec-
tion. For safety outcomes we also included data from Ebola virus
infection. We used the COVID-19 definition of severe respiratory
infection from the World Health Organization: fever or suspected
respiratory infection, plus 1 of the following: respiratory rate
> 30 breaths/min, severe respiratory distress, or peripheral oxy-
gen saturation (Sp0O,) < 93% on room air.* Eligible studies com-
pared intravenous convalescent plasma or hyperimmune immu-
noglobulin against standard care management without use of
convalescent plasma.

Outcomes of interest included mortality at longest follow-up,
extent of recovery, length of ICU stay, length of hospital stay,
days of mechanical ventilation and viral load. We also sought
evidence of serious adverse outcomes, including complications
related to intravascular volume overload and transfusion-related
acute lung injury, allergy or anaphylaxis, and other serious
adverse events.

For each patient population, we included only randomized con-
trolled trials (RCTSs) if they were available and dealt satisfactorily
with issues of both benefit and harm. If RCTs were not available, or

if nonrandomized comparative studies yielded important comple-
mentary information, we included nonrandomized studies with
adjusted analysis and, if these were not available, any nonrandom-
ized studies. We excluded studies with no comparator arm.

Data sources and searches

With the assistance of a medical librarian (R.C.), we searched
health care databases (MEDLINE, Embase, PubMed for nonindexed
studies and the Cochrane Central Register of Controlled Trials
[CENTRAL]) on Mar. 6 and updated on Apr. 19, medRxiv (for non-
peer reviewed prepublication sources) on Mar. 11 and updated on
Apr. 26, Chinese databases (China National Knowledge Infrastruc-
ture [CNKI], Wanfang, Chongging VIP Information [CQVIP] and
SinoMed) on Mar. 23 and updated on Apr. 21, and ChinaXiv on
Apr. 26, 2020. The key search words were virus-related terms
(coronavirus, influenza, Ebola, MERS, SARS) and intervention-
related terms (convalescent plasma and hyperimmune plasma).
There were no restrictions by language. Appendix 1 presents the
complete search strategy and summary of search results.

Two reviewers independently assessed titles and abstracts
and, subsequently, for potentially eligible articles, the full text.
Reviewers manually searched reference lists of eligible articles
and published systematic reviews for eligible studies.

Data extraction and quality assessment
Two reviewers independently abstracted data related to study and
participant characteristics, collection method of plasma and meth-
ods to quantify antibodies in the convalescent or hyperimmune
plasma, study outcomes and risk of bias assessment, using Excel
spreadsheets. Reviewers resolved disagreement through discussion.
A modified Cochrane risk-of-bias tool for RCTs provided
guidance for risk-of-bias assessment.’” The instrument identi-
fies 6 possible sources of bias in RCTs: sequence generation,
concealment of allocation, blinding, loss to follow-up, selective
outcome reporting and other problems. A modified Newcastle-
Ottawa tool for comparative cohort studies!® that identifies
possible sources of bias in selection of participants, temporality
of outcome relative to exposure, measurement of outcome,
exposure and prognostic factors, balance in prognostic factors,
balance in concomitant therapy across groups, and complete-
ness of follow-up provided guidance for observational studies.
For both instruments, responses for each item were “definitely
yes” or “probably yes” (low risk of bias), and “probably no” or
“definitely no” (high risk of bias). We judged the overall risk of
bias for each outcome in each study as “low risk” if all domains
were rated as low risk of bias and otherwise as high risk of bias.
Details are available at www.evidencepartners.com/resources/
methodological-resources.

Quality of evidence

We evaluated the quality of the evidence using the Grading of
Recommendations Assessment, Development, and Evaluation
(GRADE) approach®® including considerations of risk-of-bias
assessment, indirectness, inconsistency, imprecision and publi-
cation bias. We reported the level of evidence in Summary of
Findings tables.22
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Figure 1: Potential mechanisms of action of anti-severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) antibodies in coronavirus disease 2019
(COVID-19). This figure illustrates the normal entry of SARS-CoV-2 in a host cell, in which membrane fusion is mediated by the interaction between the
SARS-CoV-2 spike glycoprotein (red) and the angiotensin-converting enzyme 2 (ACE2) receptor (green) on the host cell, either through the cytoplasmic
or endosomal route. Antibodies directed against the receptor-binding domain (RBD) of the spike protein can interfere with its interaction with the ACE2
receptor and prevent viral entry in the host cell (panel A). Antibodies directed against epitopes outside the RBD can also exert antiviral functions
through other mechanisms (panels B, C and D). The relative importance of these various functions in rescuing patients from an active SARS-CoV-2 infec-
tion is unknown. Importantly, neutralization assays generally used to qualify hyperimmune products measure only 1 of the 4 mechanisms depicted
here and do not necessarily correlate with the others.
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Potentially eligible studies on search
n=1511

« Health databases n=1227

» MedRxiv n=170

« Chinese databases n=114

Duplicates excluded n=412

Y

Identified for title and abstract screening

n=1099

Full text from reference

list of other studies
n=6

Irrelevant studies excluded
n=1016

Y

For in-depth full-text screening

n=89

Excluded n=83

« Narrative review n=22

« Editorial/commentary n=15
« Case report/case series n=11
« Systematic review n=11
«Irrelevantstudy n=11

« Protocol of RCTor NRS n=5

« Duplicate n=2

«No comparator n=4
«Noabstract n=1

« Observational cohort (HIN1) n=1

Eligible studies n=6
« Influenza randomized trials n=4

+ SARS-CoV nonrandomized study n=1
« Ebola virus nonrandomized study n=1

Figure 2: Study selection flow chart. Note: NRS = nonrandomized study, RCT = randomized controlled trial, SARS-CoV = severe acute respiratory syn-

drome coronavirus.

Data analysis

DerSimonian and Laird random-effects models were used for
calculation of relative risks (RRs) for binary outcomes and pro-
portional odds ratios (ORs) for ordinal outcomes, and 95% con-
fidence intervals (Cls). For continuous outcomes, we computed
weighted mean differences (MDs) using DerSimonian and Laird
random-effects models. For the purposes of pooling, if studies
reported medians and interquartile ranges rather than means
and standard deviations, we approximated means and stan-
dard deviation using the following formula: 75th percentile-
25th percentile)/1.35.22 We pooled effect estimates for each
population by virus type. Anticipating a small number of
studies, we did not plan funnel plots or statistical tests to
explore publication bias, and we did not postulate subgroup
effects. For computing risk differences (RDs) and 95% Cls, we
applied pooled RRs and ORs to baseline risk estimates from
studies of COVID-19° and, when not available, to the median
baseline risk of control arms from the eligible studies. We used
Stata 15 software for all analyses.

Ethics approval
Ethics approval was not required for this systematic review.

Results

The search yielded 1099 articles after removal of duplicates. The
PRISMA flow chart (Figure 2), presents the reasons for excluding
studies at the time of full-text review. No eligible studies of
COVID-19 were identified. Six studies?*2® (Table 1) proved eligi-
ble, including 4 RCTs involving patients infected with influenza
virus.2*2” One nonrandomized study related to SARS-CoV? also
provided evidence of effectiveness. We obtained safety data from
the influenza RCTs?*?" and nonrandomized studies of Ebola virus
disease? and SARS-CoV.%

Of the 4 RCTs, 3 blinded patients and physicians?#?27 — 2 using
low-titre intravenous immunoglobulin®?® and 1 using saline infu-
sion as a control?” — and 1 used an open-label design.” Table 2
presents the risk of bias associated with mortality and length of
stay. All RCTs except for 1% were low in risk of bias (Table 2).
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Table 1: Characteristics of included studies

Time
since
ICU scoring symptom
Study; system; onset,
year; Median age median (IQR) median
country Study design Disease Intervention Comparators Sample size (IQR),* yr score (IQR), d
Sooetal, Retrospective Hospital- 200-400 mL of CP Methylprednisolone CParm:n=19 CP arm: mean NR NR
2004, cohort admitted (titre 1:160-1:2560) (=4 doses; each Control arm: 38.7(SD 12.39)
Hong Kong patients with dose is a 500-mg n=21 Control arm:
SARS-CoV pulse) mean 47.9 (SD
19.6)
Hung RCT Hospital- Single infusion of 0.4 g/kg normal IVIG CParm:n=17 CP arm: 43 APACHE Il CParm:
etal, admitted 0.4 g/kg of H-IVIG prepared by Control arm: (36.5 to 56) CParm: 12 2(1to4)
2013, patientswith  soution over 4 hr; pharmacists; n=18 Control arm: (80 17.5) Control
Hong Kong HIN1 NAbT > 1:40 NAbT < 1:10 52 (40.5 to Coniiel e arm:
[Diucnze 58.5) 13(9t0 19) 3(2t05)
Beigel RCT Hospital- 2 units of CP Standard care that CP arm: n =49 CParm: APACHE I; CParm:
etal., admitted infusion with at included a Control arm: 50 (38 t0 66) CParm: 3(2t05)
2017, US patients with least 1-hr gap neuraminidase n=49 Control arm: 11 (8to 21) Control
influenza A inhibitor 57 (39to 71) Control arm: arm:
(HIN1, H3N2), 16 (10to 22) 4 (210 6)
influenza B
Beigel RCT Hospital- 2 units high-titre 2 units of low titre CParm:n=91 CParm: NEWS; CParm:
etal,, admitted anti-influenza plasma Control arm: 43 (36.5 to 56) CParm: 3(2to5)
2019,% US patients with plasma (hemagglutination n=47 Control arm: 5(4t08) Control
influenza A (hemagglutination inhibition titre, 52 (40.5to el erE arm:
(HIN1, H3N2) inhibition titre <1:10) 58.5) 5(3t07) 3(2to4)
>1:80)
PELOD score;
CParm:
0(0to1)
Control arm:
3(15t012)
Davey RCT Hospital- Single infusion Saline placed in CParm:n=156 CParm: NEWS; CParm:
etal., admitted 25g/kg H-IVIG (upto  500-mL bag Control arm: 55 (41 to 68) CParm: 3(2to5)
2019, patients with 24.75 gin saline (coloured sleeve) n =152 Control arm: 4(2t06) Control
multi- influenza A (500 mL) over 2 hr 57 (48 to 68) o, arm:
national (HIN1, H3N2), 4 (210 6) 4(2to5)
influenza B
van Prospective Laboratory- 2 infusions Standard care CParm:n=99 CParm: NR CParm:
Griensven non- confirmed 200-250 mL without CP Control arm: 29 (0 to 75) 19% with
etal., randomized Ebola virus ABO-compatible CP n=418 Controlarm: >6d
2016, study disease (gapof2d) 28 (0 to 87) Control
Guinea arm: 49%
with>6d

Note: APACHE Il = Acute Physiology and Chronic Health Evaluation Il, CP = convalescent plasma, H-IVIG = hyperimmune intravenous immunoglobulin, ICU = intensive care unit, IQR =
interquartile range, IVIG = intravenous immunoglobulin, NAbT = neutralizing antibody titres, NEWS = National Early Warning Score, NR = not reported, PELOD = Pediatric Logistic Organ
Dysfunction, RCT = randomized controlled trial, SARS-CoV = severe acute respiratory distress syndrome coronavirus, SD = standard deviation.

*Unless stated otherwise.

The method of obtaining the hyperimmune sera varied across
the RCTs. Only the trial reported by Hung and colleagues® col-
lected plasma from recently recovered donors (within 2 weeks)
and quantified the antibody activity using neutralizing antibody
titres. The other 3 trials®%" obtained plasma from blood banks
and included plasma from donors who recorded high doses of
hemagglutination inhibition (HAI) titres and not necessarily from
recently recovered individuals. All 3 RCTs reported very high lev-
els of HAI titres (Table 1).

Mortality

For SARS-CoV, a small nonrandomized comparative study sug-
gested very uncertain effects of convalescent plasma on mortal-
ity, based on unadjusted estimates (RR 0.10, 95% CI 0.01 to 1.70,
very low-quality evidence)® (Figure 3 and Table 3).

Evidence from 4 RCTs (n = 572) of severely ill patients with
influenza showed inconclusive effects of convalescent plasma on
mortality between 7 and 28 days (RR 0.94, 95% Cl 0.49 to 1.80,
very low-quality evidence) (Figure 3 and Table 3). Two RCTs in
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Table 2: Risk-of-bias assessment for mortality and length-of-stay outcomes using modified risk-of-bias criteria for

randomized controlled trials and nonrandomized studies

Blinding Blinding Blinding
Influenza trials, Sequence Allocation Blinding (health care (outcome (data Blinding (data Loss to
mortality outcome generation concealment (patients) providers) assessors) collectors) analyst) follow-up
Beigel et al., 2017% Definitely Definitely yes  Definitely yes Definitely no Probably no Definitely yes Probably no Definitely no
yes
Beigel et al., 2019% Definitely Definitelyyes  Definitely yes Definitely yes Definitely yes Definitely yes Definitely yes Probably yes
yes
Davey et al., 2019% Definitely Definitelyyes  Definitely yes Definitely yes Definitely yes Definitely yes Definitely yes Definitely
yes yes
Hung et al., 2013%* Definitely Definitelyyes  Definitely yes Definitely yes Definitely yes Definitely yes Definitely yes Definitely
yes yes
Outcome Measurement
Non-RCT (SARS-CoV), Selection of Exposure following Baseli of prognostic Outcome Completeness  Concomitant
mortality outcome groups assessment exposure comparability variables assessment of follow-up treatments
Soo et al., 2004% Definitely Probably yes Definitely yes Definitely no Definitely no Definitely no Definitely no Definitely no
no
Blinding Blinding Blinding
Influenza trials, length Sequence Allocation Blinding (health care (outcome (data Blinding (data Loss to
of stay generation concealment (patients) providers) assessors) collectors) analyst) follow-up
Beigel et al., 2019% Definitely Definitely yes Definitely Definitely yes Definitely yes Definitely yes Definitely yes Probably yes
yes yes
Hungetal., 2013 Definitely Definitely yes Definitely Definitely yes Definitely yes Definitely yes Definitely yes Definitely
yes yes yes
Beigel et al., 2017* Definitely Definitely yes Definitely Definitely no Probably no Definitely yes Probably no Definitely no
yes yes

Note: RCT = randomized controlled trial, SARS-CoV = severe acute respiratory syndrome coronavirus.

patients with influenza reported a 6-item ordinal outcome relat-
ing to extent of recovery (death, in ICU, in hospital with oxygen
support, in hospital without oxygen support, discharged but not
fully recovered, discharged and fully recovered) at 28 days.?>%
The pooled OR for recovery (438 patients from 2 RCTs??%") was
1.05 (95% CI 0.67 to 1.64), representing very low-quality evidence
(Figure 4 and Table 3).

Length of hospital and ICU stay

Evidence from 3 RCTs?**% in patients with severe influenza sug-
gested possible but uncertain effects of convalescent plasma on
decreasing length of hospital stay (weighted MD -1.62, 95% Cl
-3.82 to 0.58, d), ICU stay (weighted MD -0.32, 95% Cl -3.20 to
2.56, d) and duration of mechanical ventilation (weighted MD
-3.67, 95% CI -7.70 to 0.36, d), providing very low-quality evi-
dencein all cases (Figure 5 and Table 3).

Reduction in viral load

Pooled estimates from 2 RCTs??" in patients with severe influ-
enza (n = 334) showed inconclusive effects of convalescent
plasma on the proportion of patients with nondetectable levels
of virus in nasopharyngeal specimens on day 3 (RR 1.07, 95% ClI
0.58 to 1.8, very low-quality evidence) and a possible but uncer-
tain increase in patients with undetectable virus on day 7%° (RR
1.32,95% CI1 0.97 to 1.81, very low-quality evidence).

Harm

Pooled estimates from the 4 RCTs**?" of patients with severe
influenza (n = 576) suggested that convalescent plasma caused
few or no serious adverse events (RR 0.85, 95% CI 0.56 to 1.29,
low-quality evidence) (Figure 6 and Table 3). Two RCTs?>%
reported transfusion-specific serious adverse reactions in 8 of 140
(6%) patients in the convalescent plasma arm versus 6 of 96 (6%)
patients in the control arm. Nonrandomized studies of patients
with SARS-CoV?2 or Ebola virus?® infections and 1 RCT in patients
with influenza?* reported no serious adverse events related to
intravascular volume overload and transfusion-related acute lung
injury or serious allergic reactions due to plasma transfusion.

Interpretation

Existing studies provide only very low-quality evidence to sup-
port inferences regarding benefits of convalescent plasma in
patients with COVID-19. Based on low-quality evidence, there is
no suggestion that convalescent plasma would cause any serious
adverse events in patients with COVID-19.

On Mar. 25, 2020, the US Food and Drug Administration
approved the use of convalescent plasma for COVID-19 under the
emergency investigational new drug category and not for routine
clinical use.” Its inclusion in the expanded access program should
not be perceived as an endorsement of efficacy, as the criteria for
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[SYEE, Events, Convalescent X Convalescent
convalescent  standard plasma better | plasma harmful
Study Year RR (95% Cl) plasma e - | —
|
I
I
I
Influenza 1
I
!
Hungetal.* 2013 1.25(0.40 to 3.87) 5/17 4/17 —:—0—
1
Beigel et al.® 2017 0.11 (0.01 to 1.89) 0/42 5/50 g :
I
Davey et al.2’ 2019 1.17 (0.36 t0 3.75) 6/156 5/152 -
1
I
Beigel et al.*® 2019 0.77 (0.23 t0 2.61) 6/91 4/47 —0—:—
1
Subtotal 0.94 (0.49 to 1.80) 17/306 18/266 <>
(P=0.0%, p = 0.411)
I
I
I
I
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1
Sooetal.? 2004 0.10 (0.01 to 1.70) 0/19 5/21 - :
I
I
Subtotal 0.10 (0.01 to 1.70) 0/19 5/21  >>

I
I
I
1
1
1
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1
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Figure 3: Efficacy of convalescent plasma on mortality in acute viral respiratory infections. Weights are from random-effects analysis. Note: CI = confi-

dence interval, RR = relative risk, SARS = severe acute respiratory syndrome.

the expanded access program is not demonstrated efficacy but
rather lack of other approved therapeutic options or access to a
clinical trial. Whether the limited evidence of benefit — or, in this
case, of little or no benefit — is sufficient to justify compassionate
use of an unproven intervention is a matter of debate.®

Strengths of this systematic review include the comprehen-
sive search across databases for emerging and past evidence and
use of the GRADE approach to assess the quality of evidence with
attention to indirectness of the study populations in relation to
patients with COVID-19. Eligibility decisions, risk-of-bias assess-
ment, and data abstraction were all conducted in duplicate. We
limited risk of bias by excluding single-arm studies.

A systematic review published in 2006 summarized evidence
from 8 comparative observational studies addressing convalescent
plasma (n = 1703 patients) conducted during the Spanish flu pan-
demic of 1918.2° The range of absolute RDs in mortality between
patients who received convalescent plasma and control groups was
8% to 26% (pooled RD 21%, 95% Cl 15% to 27%).2° However, these
observational studies with evident imbalance in prognostic factors
provide only very low-quality evidence even for influenza, and thus
the evidence is even lower quality when applied to COVID-19.

Similarly, a 2015 systematic review® reported a very large mor-
tality reduction (OR 0.25, 95% CI 0.14 to 0.45; /> = 0%) in a post hoc
meta-analysis of observational studies (n = 8) of convalescent

plasma in severe SARS (1 retrospective cohort® and 1 case
series®!) and influenza A. Once again, this evidence is very low
quality even for SARS, and thus even lower quality for COVID-19.

A recent systematic review3? that appeared on a non-peer
reviewed preprint server®® pooled 5 influenza RCTs, of which
4 RCTs**?" are included in our review.*? The pooled mortality esti-
mates were very similar to those of our review, OR 1.06 (95% CI
0.51 to 2.23). However, the authors included a pilot trial of the
International Network for Strategic Initiatives in Global HIV Trials,
INSIGHT FLU005,* thus double-counting patients included in the
main trial.?” Further, this review did not pool the ordinal outcome
(extent of recovery) and did not use GRADE methodology for
rating the quality of the evidence. Most relevant for our review is
the GRADE focus on assessing the indirectness of the evidence.

There are 3 studies reporting on the use of convalescent
plasma in patients with severe COVID-19. One case series®
reported on 5 patients critically ill with COVID-19, of whom
3 were discharged and 2 improved, coincident with receipt of
convalescent plasma. Another uncontrolled phase 1 study
reported clinical improvement with resolution of lung lesions
in 10 patients with severe COVID-19 who received convalescent
plasma.*® Finally a case series of 4 patients, including 1 pregnant
woman, also reported clinical improvement of all patients after
transfusion.3” These uncontrolled case series are insufficient
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Table 3: GRADE summary of findings on use of convalescent plasma in COVID

Patient or population: Children or adults with severe COVID-19 infection
Intervention: Convalescent or hyperimmune intrav immunoglobulin
Comparison: Usual care + placebo (saline or intravenous immunoglobulin)

Absolute effects

Baseline risk

for control Difference
Relative effects, source of group (per (95% ClI) (per Certainty/quality of
Outcome evidence 1000) 1000) evidence Plain-language summary
Mortality (7-28 d) RR 0.94 (95% CI 0.49 to 1.80) 104* -6 Very low §OOO Convalescent plasma may have
Based on 572 patients with (-53 to 84) (Very serious indirectness and  little to no effect on mortality, but
influenza in 4 RCTs serious imprecision)t the evidence is very uncertain.
Mortality (22 d) RR0.10 (95% CI 0.01 to 1.70) 104* —94 Very low §OOO Convalescent plasma could have an
Based on 40 patients with (-103 to 73) (Serious indirectness, very important effect on decreasing or
SARS in 1 observational study serious risk of bias and increasing mortality, but the
serious imprecision)} evidence is very uncertain.
Recovery by 28 days as Proportional OR for recovery§ 104* 5 Very low §OOO Convalescent plasma may have
measured by a 6-point OR1.05 (95% CI 0.67 to 1.64) (-30to 56) (Very serious indirectness and little to no effect on recovery, but
ordinal scale§ Based on 438 patients with serious imprecision)t the evidence is very uncertain.
influenza from 2 RCTs
Length of hospital stay, d Based on 259 patients with Median 139 MD -1.62 Very low §OOO Convalescent plasma may confer a
influenza in 3 RCTs (-3.82t00.58) (Very serious indirectnessand ~ small reduction in hospital length
serious imprecision)t of stay, but the evidence is very
uncertain.
Length of ICU stay, d Based on 149 patients with Median 7** MD -0.32 Very low @006 Convalescent plasma may have
influenza in 2 RCTs (CI-3.20to (Very serious indirectness and  little to no effect in reducing
2.56) serious imprecision)t duration of ICU stay, but the
evidence is very uncertain.
Time on mechanical Based on 83 patients with Median MD -3.67 Very low §OOO Convalescent plasma may reduce
ventilation, d influenzain 2 RCTs 9.25** (CI-7.70 to (Very serious indirectnessand  days of mechanical ventilation, but
0.36) serious imprecision)t the evidence is very uncertain.
Serious adverse events RR 0.85 (95% Cl 0.56 to 1.29) 801t -12 Low @HOO Convalescent plasma may result in
Based on 576 patients with (-35t023) (Serious indirectness and little or no difference in the number

influenza in 3 RCTs

imprecision)tf

of serious adverse events.

Note: CI = confidence interval; COVID-19 = coronavirus disease 2019; GRADE = Grading of Recommendations Assessment, Development, and Evaluation; ICU = intensive care unit; MD =
mean difference; OR = odds ratio; RCT = randomized controlled trial; RR = relative risk; SARS = severe acute respiratory syndrome.

*We chose the baseline risk from patients admitted to hospital with COVID-19 who did not receive convalescent plasma and steroids from the article by Guan et al. This paper reports
96/173 severely ill patients who did not receive steroids or hyperimmune plasma, of whom 10 patients died (Dr. W. Guan, State Key Laboratory of Respiratory Disease, National Clinical
Research Center for Respiratory Disease, Guangzhou Institute of Respiratory Health, First Affiliated Hospital of Guangzhou Medical University, Guangzhou, Guangdong Province, China:
personal communication, 2020). Hence, the baseline mortality risk is 10/96 = 10.4%. The median duration of hospital admission was 12.0 days (mean 12.8 d).

tWe rated down 2 levels for indirectness because clinical and epidemiologic characteristics of patients with influenza vary in COVID-19. We rated down 1 level for imprecision because
the confidence interval included both important benefit and important harm.

tEvidence from observational studies begins as low-quality evidence. We rated down 1 level for indirectness because evidence came from SARS rather than COVID-19. We rated 1 level
down for imprecision because the confidence intervals included both important benefit and important harm.

§Recovery defined by an ordinal outcome (6 mutually exclusive categories) at 28 days: death, in ICU, in hospital with oxygen support, in hospital without oxygen support, discharged
but not fully recovered, discharged and fully recovered. An OR of > 1 indicates treatment is better than control, interpreted as odds of better recovery is 1.24 times higher among those

treated with hyperimmune plasma than control arm. This OR is similar across categories. We also assumed the risk differences between treatment groups is the same across

categories of the outcome.

YWe chose the median duration of hospital admission from hospital-admitted COVID-19 patients with severe disease from the article by Guan et al.?

**This is the median number of days in ICU obtained from the control arm of RCTs including patients with severe influenza.

T1The baseline risk of serious adverse events obtained from the control arm of studies including influenza (3 studies).

t1We rated down 1 level for indirectness for this safety outcome, inferring that the adverse effects are likely to be similar across viral illnesses, and 1 level down for imprecision

because the confidence intervals included both important benefit and important harm.

to question the inference from this review that benefits from
convalescent plasma in patients with COVID-19 remain very
uncertain. Recently, experimental monoclonal antibodies have
shown promise in reducing mortality in Ebola virus disease.®®
Generalization of results from these forms of passive immun-
ization using highly standardized monoclonal antibodies
selected for its antiviral potency to COVID-19 is, at best, very
questionable.

Limitations

One important limitation of this review stems from the level of indi-
rectness given that the majority of evidence comes from trials in
influenza. Although this is the best evidence available in this urgent
situation, the different biological, clinical and epidemiologic charac-
teristics of influenza versus COVID-19 severely limit inferences
regarding effects of convalescent plasma against the new virus. The
unique 2-phase immune response observed in patients with severe
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ES (95% Cl)

Convalescent
plasma harmful

Convalescent
plasma better

Study Year Proportional odds ratios <+ e —
Davey et al.” 2019 0.90 (0.50 to 1.62) E

Beigel et al.® 2019 1.29 (0.65 to 2.56)

overall 1.05(0.67 to 1.64) <

(?=0.0%, p = 0.435)

I
0.50

1.00

I I I
1.50 2.00 2.50

Effect size (95% Cl)

Figure 4: Efficacy of convalescent plasma in recovery from acute viral respiratory illness. Weights are from random-effects analysis. Note: Cl = confidence

interval, ES = effect size.

Weighted MD (mear/:/t SD) (mea:\li SD)
Study Year (95% CI) Convalescent plasma Standard care
Days in hospital
Hunget al.* 2013 0.00 (-7.78 to 7.78) 17 (16 + 1.48) 17 (16 + 16.3)
Beigel et al.” 2017 -5.00 (-10.10 t0 0.10) 42 (6 +8.89) 45 (11 +14.8)
Beigel et al.?® 2019 -1.00 (-3.18t0 1.18) 91 (5+6.67) 47 (6 £5.93)
Subtotal -1.62 (-3.82t0 0.58) 150 109
(P=17.3%, p=0.340)
Days in intensive care
Hunget al.* 2013 1.00-3.61 to 5.61) 17 (11+7.04) 17 (10+6.67)
Beigel et al.” 2017 -0.50 (-4.81 to 3.81) 24(2.5+6.67) 31(3£9.63)
Beigel et al.®® 2019 -3.00 (-10.16 to 4.16) 40 (5+7.04) 20 (8 +15.6)
Subtotal -0.32 -3.20 t0 2.56) 81 68
(#=0.0%, p = 0.650)
Days in mechanical ventilation
Beigel et al.” 2017 -3.00 (-7.48 t0 1.48) 18 (0 + 4.44) 26 (3+10.4)
Beigel et al.® 2019 -6.50 (-15.72 t0 2.72) 25(9+8.89) 14 (15.5+16.3)
Subtotal -3.67 (-7.70 to 0.36) 43 40

(7= 0.0%, p =0.503)

Convalescent
plasma worse

Convalescent
plasma better

«—  —

=13

-10

Weighted MD (95% CI)

Figure 5: Efficacy of convalescent plasma in reducing length of hospital stay. Weights are from random-effects analysis. Note: Cl = confidence interval,

MD = mean difference, SD = standard deviation.
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RESEARCH

Convalescent plasma, Convalescent plasma,

Events, lower risk of severe higher risk of severe
convalescent Events, adverse event adverse event
Study Year RR (95% CI) plasma control +— —>
:
Beigeletal® 2017 0.51 (0.26 to 1.00) 9/45 20/51 -
H
Beigeletal® 2019 1.10 (0.67 to 1.82) 32/91 15/47 1
'
Daveyetal? 2019 0.94 (0.57t0 1.55)  25/156 26/152 !
H
Hungetal. 2013 (Excluded) 0/17 0/17 H
:
Overall 0.85(0.56t01.29)  66/309 61/267 <:>
(P = 40.0%, p = 0.189) :
H
'
:
T * T T

0.5 1.0 3 20 25

Relative risk (95% CI)

Figure 6: Safety of convalescent plasma. Weights are from random-effects analysis. Note: Cl = confidence interval, RR = relative risk.

coronavirus infections has direct implications for the potential effect
of immune-boosting strategies.® In addition, the small number of
studies and events led to very wide confidence intervals, further
lowering the quality of the evidence. Finally, because observational
studies may provide additional evidence of harms, our restriction to
randomized influenza trials represents, in this regard, a limitation.

Another limitation is that the method of plasma collection offers
a possible explanation for lack of efficacy observed in the influenza
trials. Only 1 trial>* used plasma from individuals recovered from
influenza in the prior 2 weeks. The other trials*>?’ referred to their
intervention as hyperimmune plasma and reported HAI titres that
were quite high.?>?" The use of HAI for quantifying antibody activity
of donor plasma has, however, proven controversial.* Those who
argue that HAI is of limited use might explain the negative results of
3 of the trials as a result of their failure to use truly convalescent
plasma.® This line of reasoning would suggest that trials studying
the efficacy of convalescent plasma in COVID-19 should obtain
plasma from recently recovered individuals and report the number
of days since recovery of the donor along with information regard-
ing serologic and functional assays on the plasma. Such a study
design would markedly reduce doubts regarding the explanation of
such studies failing to detect benefit.

Conclusion

The merit of convalescent plasma is its apparent low rate of serious
adverse effects. Although this may be an advantage over other
unproven therapies for COVID-19, it is insufficient to justify its use
without associated evidence of efficacy. Collection of convalescent
plasma consumes resources that, pending trustworthy evidence of
positive effects, could be better allocated elsewhere. Widespread
use of convalescent plasma should therefore await high-quality evi-
dence from randomized trials, ideally testing the effect of plasma

obtained from individuals recently recovered from COVID-19. Priori-
tization of clinical trials for testing efficacy of convalescent plasma
over testing of other unproven therapeutic options for COVID-19
should be based not only on existing evidence but also on the socio-
political context. The fact that clinicians have started using conva-
lescent plasma in patients with COVID-19 in hospitals outside clin-
ical trials makes it urgent to address its therapeutic value.
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