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Abstract Convalescent plasma is currently being used in

the treatment of COVID-19. Recommendations regarding

use convalescent plasma in COVID-19 requires systematic

summaries of available evidence. We searched the data-

bases Medline, Embase, Cochrane CENTRAL, Epis-

tomonikos, Medrxiv and Biorxiv. Title/abstract screening,

full text screening and data abstraction were carried out in

duplicate by two reviewers. Pooled effect sizes and 95%

confidence intervals were calculated using random effects

meta-analysis. GRADE tool was used to rate the certainty

of evidence. Twenty two studies were found eligible for

inclusion: nine randomized controlled trials and thirteen

cohort studies. Low certainty evidence from eight RCTs

showed inconclusive effects of convalescent plasma on

mortality at 28 days (OR 0.85, 95% CI 0.61 to 1.18). Low

certainty evidence from thirteen cohort studies showed a

reduction in mortality at 28 days (OR 0.66, 95% CI 0.53 to

0.82). The pooled OR for clinical improvement was 1.07

(95% CI 0.86 to 1.34) representing low certainty evidence.

Evidence from three RCTs showed inconclusive effect of

CP on the need for mechanical ventilation (OR 1.20, 95%

CI 0.72 to 1.98). Four cohort studies reporting unadjusted

estimates suggested a reduction in the need for mechanical

ventilation with convalescent plasma (OR 0.80 95% CI

0.71 to 0.91, low certainty). Pooled estimates from 2 RCTs

showed inconclusive effects of convalescent plasma on the

proportion of patients with nondetectable levels of virus in

nasopharyngeal specimens on day 3 (OR 3.62, 95% CI

0.43, 30.49, very low-quality evidence). The present

review reports uncertain estimates on the efficacy of con-

valescent plasma in the treatment of COVID-19. There is

low certainty evidence of a possible reduction in mortality

and mechanical ventilation, a faster viral clearance and the

absence of any serious adverse events. However, its effi-

cacy for these outcomes requires evidence from good

quality and adequately powered randomized controlled

trials.

Keywords COVID-19 � Convalescent plasma � Plasma

therapy � Meta-analysis � Systematic review

Introduction

The worldwide spread of COVID-19, the illness caused by

SARS-CoV-2, poses an enormous threat to human health,

and is a cause of major social and economic crises

worldwide. As of January 2021, COVID-19 has resulted in

more than 2 million deaths worldwide (1), and its trans-

mission continues unabated in many parts of the globe.

The massive potential for adverse health consequences

from this pandemic has led to a desperate need for inter-

ventions that can reduce the resulting morbidity and
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mortality. Research is ongoing to develop vaccines and

identify therapeutics for COVID-19, including repurposing

of medications [2]. A globally implemented, safe mass

vaccination programme seems to be the only long term

solution; [3]. Interventions with evidence of reducing

morbidity and mortality from this disease are urgently

required in order to form the bridge to the endgame of mass

vaccination.

However, the use of medications without proven effec-

tiveness may result in avoidable harm to patients, detract

investment in other resources and erode public trust in the

medical community [4, 5].

Convalescent plasma (CP) is currently being used in the

treatment of COVID-19 with the rationale that it contains

antibodies that potentially neutralize the virus and thus

prevent the inflammatory cascade that ensues. It has been

used historically for the treatment of infectious diseases

and there is also some evidence of its usefulness in the

treatment of other coronavirus infections like SARS and

MERS [6, 7].

Recommendation regarding use convalescent plasma in

COVID-19 requires systematic summaries of available

evidence. At a time when research is being produced at an

unprecedented pace, it is necessary to rigorously appraise

the evidence to distinguish the trustworthy from the

untrustworthy. Moreover, in the context of COVID-19,

where the best evidence is constantly changing, it is

required that we have the most updated summaries avail-

able for practice. Therefore, we conducted a systematic

review and meta-analysis to study the efficacy and safety

of convalescent plasma in patients with COVID-19.

Methodology

Methods

The Preferred Reporting Items for Systematic Reviews and

Meta-analyses (PRISMA) and Meta-analysis of observa-

tional studies in epidemiology (MOOSE) statements were

adhered to in the present report [8, 9]. We developed a

protocol before beginning this systematic review. The

protocol for this review was registered in PROSPERO,

with the registration number CRD42020227417.

Inclusion Criteria

The following inclusion criteria were used for eligibility:

Type of participants We included studies on patients

with severe and non-severe COVID-19.

Type of intervention We included studies assessing

intravenous convalescent or hyperimmune plasma as an

intervention in addition to standard of care

Type of outcomes We included studies reporting the

following outcomes:

Primary outcome: Overall mortality

Secondary outcomes:

• Clinical recovery

• Rate of ICU admission

• Length of ICU stay

• Length of hospital stay

• Need for mechanical ventilation

• Viral clearance

• Adverse events: Intravascular volume overload

related complications and transfusion-related acute

lung injury, allergy or anaphylaxis, and any other

patient-important safety outcomes that study reports

Type of Studies We included randomized controlled

trials, cohort studies and case series that compared the use

of convalescent plasma to treatment without convalescent

plasma and reported on at least one of our outcomes of

interest. We excluded case series in which all patients, or

no patients, received convalescent plasma.

Data sources and Searches

We searched in the following databases: Medline (Ovid),

Embase, Cochrane CENTRAL, Epistomonikos and ran a

PubMed search for studies not yet indexed in Medline. We

reviewed reference lists of all included studies and relevant

systematic reviews for additional references. We searched

medRxiv and biorxiv for any relevant pre-print previews.

No language restriction was imposed. The search strat-

egy implemented is provided in Appendix 1. The search

was updated till 15th January 2021.

Study Selection

Pairs of reviewers independently screened titles and

abstracts, and reviewed the full texts of potential eligible

studies to determine the final eligible studies. Disagree-

ments were resolved by discussion or by referring to a third

reviewer.

Data Extraction

Pairs of reviewers abstracted data. We abstracted surname

of the first author, year of publication, country, region and

hospital, population, interventions, and outcomes. For

cohort studies, we also abstracted the method of adjustment

used and covariates adjusted for in the analysis. Dis-

agreements were resolved by discussion or, if necessary, by

a third reviewer.
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Risk of Bias Assessment

We assessed the risk of bias in randomized trials using the

modified Cochrane tool that includes sequence generation,

allocation sequence concealment, blinding, and missing

outcome data. Each criterion was judged as definitely or

probably low risk of bias, or probably or definitely high risk

of bias [8]. We assessed risk of bias in cohort studies using

the New Castle Ottawa scale for Cohort studies [9]. Two

review authors independently assessed the study risk of bias

with disagreements resolved by involving a third reviewer.

Data Synthesis or Analysis

We calculated pooled odds ratio (OR) and 95% confidence

intervals (95% CI) for dichotomous outcomes. We used

adjusted estimates from studies wherever reported, and

used the random-effects models to pool study data. We

used DerSimonian and Laird inverse variance random-ef-

fect models to pool adjusted odds ratios (ORs). We carried

out all statistical analyses using Review Manager 5.3. We

assessed heterogeneity in the meta-analyses by visual

inspection of the forest plot and by the I2 statistic.

GRADE Assessment of the Overall Quality

in the Body of Evidence by Outcome

We used the Grading of Recommendation, Assessment,

Development, and Evaluation (GRADE) methodology to

rate the certainty in evidence for each outcome as high,

moderate, low, or very low [10]. The assessment included

judgments addressing risk of bias, imprecision, inconsis-

tency, indirectness, and publication bias.

We summarized the evidence both narratively and in

GRADE evidence profiles.

Results

Study Selection

Our search yielded 3993 titles and abstracts - all were

identified from the electronic database search. We exclu-

ded 3935 articles based on a review of the title and abstract,

leaving 58 articles for full review. Of these, 36 were

excluded- 33 for having an inappropriate study design, two

for having inappropriate comparison, one for including a

duplicate population. Twenty two studies were found eli-

gible on full text screening. Nine of these were pre-print

articles that had not been peer reviewed

[12–16, 20, 24, 28, 32]. These 22 studies were included in

the systematic review and meta-analyses. [11–32] (Fig. 1).

Study Characteristics and Estimates Reported

The studies included were nine randomized controlled tri-

als (1254 patients) [11–16, 26–28] and thirteen cohort

studies (8368 patients) [16–24, 29–32]. All studies inclu-

ded patients hospitalized with COVID-19 (Tables 1 and 2).

Most studies included patients with severe COVID-19

except one study that included moderately ill patients [12].

Risk of Bias Assessment

All trials were assessed to have low risk of bias for ade-

quate random sequence generation and allocation con-

cealment. Risk of bias for selective outcome reporting and

missing outcome data was assessed to be low as most

studies reported important outcomes and very less loss to

follow up. However, only two trials were blinded and four

were stopped early [11, 13, 14, 27]. Three trials reported

stopping early because the epidemic had considerably

diminished and the trial saw low enrolment [11, 14, 27];

while one reported stopping early since a high proportion

of patients were found to have SARS-CoV-2 antibodies at

baseline [13]. All trials were also assessed to be high risk of

bias due to imbalance of co-interventions amongst the two

arms.

For all outcomes in the cohort studies, risk of bias was

low for selection of exposed and non-exposed population

and assessment of exposure. All cohort studies were

assessed to have low risk of bias from outcome being

present at the start of the study. However, adequate

adjustment and assessment of prognostic factors were not

carried out by three studies. Follow up was adequate for all

outcomes in the cohort studies; however, no study docu-

mented similar co-interventions in both groups (Tables 3

and 4).

Pooled Effects of Convalescent Plasma on Safety

and Efficacy Outcomes

Mortality

Low certainty evidence from 8 RCTs (n = 1374) (11-15,

26-28) showed inconclusive effects of convalescent plasma

on mortality at 28 days with a possible but uncertain

reduction in mortality (OR 0.85, 95% CI 0.61 to 1.18,

I2=0%) (Fig. 2 and Table 5).

Low certainty evidence from 13 cohort studies

[17–25, 29–32] (n=8368) showed a reduction in mortality

at 28 days (OR 0.66, 95% CI 0.53 to 0.82, I2=26%). (Fig. 3

and Table 5).
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Clinical Improvement

Two RCTs reported ordinal outcomes relating to extent of

clinical improvement at 30 days and one RCT at 14 days.

The pooled OR for clinical improvement (522 patients)

[11, 13, 26] was OR 1.07 (95% CI 0.86 to 1.34) repre-

senting low certainty evidence (Fig. 4 and Table 5).

Duration of Hospital Stay

Evidence from 3 RCTs and one cohort study

[12, 15, 25, 26] suggested uncertain effect of convalescent

plasma on decreasing length of hospital stay (MD 0.12,

95% CI –1.69 to 1.93) (Fig. 5 and Table 5).

Need for Mechanical Ventilation

Evidence from three RCTs (n=522) [12, 16, 26] showed

inconclusive effect of CP on need for mechanical ventila-

tion (OR 1.20, 95% CI 0.72 to 1.98, I2=0%, low certainty).

However, four cohort studies reporting unadjusted esti-

mates suggested a reduction in the need for mechanical

ventilation with convalescent plasma (OR 0.80 95% CI

0.71 to 0.91, I2=0%, low certainty) (Fig. 6 and Table 5).

Viral Clearance

One RCT (n=522) [12] showed higher proportion of

patients with undetectable virus on day 7 (OR 1.52, 95% CI

1.06, 2.20).

Pooled estimates from 2 RCTs (n = 609) [11, 12]

showed inconclusive effects of convalescent plasma on the

proportion of patients with nondetectable levels of virus in

nasopharyngeal specimens on day 3 (OR 3.62, 95% CI

0.43, 30.49, very low-quality evidence) (Fig. 7 and

Table 5).

There were very few adverse events reported in all

included studies, with most trials and cohort studies not

reporting any adverse events.

Fig. 1 PRISMA Flow diagram of selection of studies for inclusion in meta-analysis
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Discussion

The results of our meta-analysis show that there is very low

to low certainty evidence to suggest that CP does not

reduce mortality, hospital stay, need for mechanical ven-

tilation or improvement in clinical status. Based on a single

study, whether CP improves viral clearance is not clear.

The theory behind using CP for treatment goes back to

the early days of antimicrobial therapy when it was used

for pneumococcal pneumonia [6]. More recently, it has

been used in the treatment for various viral diseases like

SARS, MERS and Ebola [7]. The rationale is that anti-

bodies in CP have the capacity to work in two different

ways: first is the potential to act on the microbes causing

the infection, and the second is that they can exert

immunomodulatory therapy, thus boosting the immunity of

the patient.

The included studies demonstrated a very good safety

profile for CP. There is a theoretical possibility of antibody

dependent enhancement [33], though there are no reports of

this from trials.

However, the use of convalescent plasma as therapy for

COVID-19 is not without challenges. Only limited quan-

tities of plasma can be obtained at a time and its collection

consumes resources. There is considerable difference in the

titres, antibody response and type of antibodies amongst

people. Besides this, though most studies did not report

many adverse events, there are safety issues related to

transfusion such as acute lung injury, transfusion related

circulatory overload and anaphylaxis that need to be

managed at times [34]. Risk of transmission of blood borne

infections is also a potential threat to recipients of CP.

In March 2020, the US FDA approved convalescent

plasma as an investigational new drug in the expanded

access program. The unadjusted analysis of data from the

EAP, though not comparing CP with no CP, suggested that

treatment given early after diagnosis (within 3 days) is

associated with lower 7-day and 30-day mortality, and

transfusion of convalescent plasma with high SARS-CoV-2

IgG antibody levels compared to medium or low IgG levels

was furthermore associated with lower mortality. This

could be an explanation as to why other studies investi-

gating convalescent plasma may not be able to detect a

clinically relevant difference, although these findings

should be confirmed in RCTs before it can be translated

into practice [35].

To the best of our knowledge, there is no previous

systematic review that has included all the studies included

in the present review. Some previous systematic reviews

and meta-analyses have evaluated the efficacy of CP in the

treatment of COVID-19. Chai et al in a Cochrane review

that included two trials and eight NRSIs, concluded that
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Table 2 Characteristics of included cohort studies

Study Country,

region and

hospital

Study

design

Population Interventions Adjustment Outcomes

Rasheed 2020
[17]

Baghdad,
Iraq; 3
centres

Cohort
study

21 patients; critically ill
COVID admitted in
RCU for less than 3
days; severe organ
dysfunction excluded;
late ARDS excluded. 28
patients who did not
receive CP

Plasma recovered from
moderate COVID-19
patients two weeks
previously recovered
patients from COVID-
19 2 weeks prior to
donation younger than
50 years, healthy, non-
pregnant females, with
no comorbidities. Only
the donors with IgG
index equal or more
than 1.25 on ELISA for
SARS-CoV-2 were
selected

Not done Allergic reaction to CP at
3 hours; Recovery time
from critical illness;
Mortality rate; duration
of infection

Abolghasemi
2020 [18]

Iran;
multiple
centres

Cohort
study

115 patients Age C 18
years 2 Confirmed
COVID-19 infection
through laboratory (RT-
qPCR) and/ or lung
involvement confirmed
with chest imaging (CT
scan) 3 Presence of
some or all of disease
clinical symptoms such
as shortness of breath
(dyspnea), respiratory
frequency C 20/min,
fever and cough 4
Hospitalized with a
blood oxygen saturation
(SPO2) B93 % at rest
on room air 5 B7 days
since illness onset 6
Willingness to
participate in the trail
and sign the consent
form Exclusion Criteria
- Patients with either of
following criteria
excluded from the trail:
1 Intubated patients or
patients on mechanical
ventilation. 2 Severe
liver or kidney
diseaseSeptic Shock 6
Known hypersensitivity
to plasma. Compared
with 74 controls

500 mL Convalescent
plasma was extracted
from clinically and
laboratory-confirmed
recovered patients of
COVID-19 who were
between 18–60 years
old. To prevent
transfusion related
acute lung injury
(TRALI) female donors
with a history of
pregnancy were
excluded. Selected
donors had negative
qRT-PCR for COVID-
19 and no symptoms for
atleast 14 days and
other standard virology
tests at the time of
donation while their test
results had been
previously positive by
qRT-PCR for COVID-
19. Donated plasmas
contained antibody titer
cut off index higher
than 1.1by ELISA
VsStandard of care

Not adjusted for baseline
variables; disease
severity scores; other
co-interventions

All cause mortality;
length of hospital stay;
patients discharged less
than 5 days from
hospitalization;
Intubation

Omrani
2020 [19]

Qatar;
multiple
centres

Cohort
study

40 patients RT PCR
proven severe COVID-
19 (any one or more of
the following is present:
respiratory rate[30/
min, oxygen saturation
B90% while in ambient
room air, partial
pressure of oxygen–
oxygen concentration
(PaO2/FiO2) B 300
mmHg, hypotension, or
any organ failure). 40
patients who did not
receive CP

400 mL convalescent
plasma derived from
recovered adult
COVID-19 patients
symptoms resolved
more than 2 weeks ago,
with documented
negative upper airway
SARS-CoV-2 RT-PCR
and negative
serological tests for
syphilis and blood-
borne
viruses;Administered at
a median of 10(IQR
9-10) days after
symptom onset

Adjusted for invasive
mechanical ventilation;
use of
methylprednisolone and
APACHE II score at
baseline; not adjusted
for other co-
interventions such as
TCZ, antivirals,
anticoagulation, HCQ,
vasopressor use;
dialysis requirement etc

Improvement in
respiratory support; all
cause mortality at 28
days; viral clearance
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Table 2 continued

Study Country,
region and
hospital

Study
design

Population Interventions Adjustment Outcomes

Antibody titre not
done in donor plasma

Rogers
2020 [20]

Rhode
Island,
USA; 3
centres

Cohort
study

64 patients who received
CP a median of 7 days
after symptom onset
COVID-19 symptom
onset B 10 days prior,
requiring supplemental
oxygen (but not
invasive ventilation), no
evidence of current
hypercoagulability (D-
dimer[ 1000 lg/L,
clinical signs of
thrombosis); control
group of 177 patients

1 or 2 units of plasma
Donor characteristics
not mentioned;
antibody levels
probably not checked

Age, gender, race,
baseline oxygen
requirements,
remdesivir use, and
corticosteroid use; AI
of plasmaNot adjusted
for TCZ,
anticoagulation, HCQ
use

Primary outcome of this
study was the impact of
CP treatment on all
cause in-hospital
mortality; the
secondary outcome was
the impact of CP
treatment on the time to
hospital discharge. All
outcomes were
censored at day 28

Salazar E
2020 [21]

Houston
Methodist
hospital;
eight
Centres in
USA

Cohort
study

136 patients with Severe
and life threatening
COVID-19 disease
Severe disease was
defined as one or more
of the following:
shortness of breath
(dyspnea), respiratory
rate 30/minute, blood
oxygen saturation 93%
(on room air), partial
pressure of arterial
oxygen/fraction of
inspired oxygen ratio
\300, and/or
pulmonary infiltrates
[50% within 24 to 48
hours (of screening
assessment). Life-
threatening disease was
defined as one or more
of the following:
respiratory failure,
septic shock, and/or
multiple organ
dysfunction or failure.
251 non transfused
controls

One or 2 units (vol not
mentioned)
Convalescent plasma
was extracted from
SARS-CoV-2 RT-PCR
positive donors 18-65
years had recovered and
were asymptomatic for
[14 days and tested
negative for SARS-
CoV-2 at the time of
plasmapheresisTitres
were not criteria for
donor

Adjusted for steroids,
remdesivir and
TCZPropensity
matching for
respiratory status

Mortality

Xia
2020 [22]

Wuhan,
China;
single
centre

Cohort 138 patients with severe
or critical COVID-
191430 non transfused
controls

Convalescent plasma
extracted from patients
[3 weeks after
symptom onset
agedbetween 18-55 4–5
mL/kg of Convalescent
plasma with titre
[1:160 were transfused

Not adjusted; no mention
of other therapy that
might affect prognosis

Mortality; clinical
improvement on six
point scale

Liu 2020 [23] USA;
Mount
Sinai
Hospital

Cohort
study

Adult patients (39
patients) with severe to
life threatening
COVID-19 who
received CP were
compared with
propensity score
matched (1:4 and 1:2)

Volume of plasma: not
mentioned; Only
donors with an MSH-
ELISA serum IgG titer
of C1:320 (n=25) were
referred for
plasmapheresis

Standard of care Oxygen requirement at
d14; survival

Salazar M
2020 [24]

Argentina;
muticentre

Cohort 868 consecutive patients
C18 years diagnosed
with SARSCoV-2 with
RT-PCR, with lung
infiltrates, plus one of
the following:-

200–400 mL of
convalescent plasma
with Ig-G antibody titer
C1:400

Age, ICU admission,
mechanical ventilation;
diabetes and preexisting
cardiovascular disease

28 day mortality;
duration of ICU stay
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Table 2 continued

Study Country,
region and
hospital

Study
design

Population Interventions Adjustment Outcomes

Dyspnea with
respiratory rate C 30
breaths/minute-
Oxygen saturation
B93%- Oxygen
requirement- PaO2FIO2
\300 mmHg- Increase
in lung infiltrates[50%
during the previous
24-48 hours- Alteration
in consciousness-
Multiple organ
dysfunction- Age[65
years

Altuntas
2020 [25]

Turkey;
multiple
centres

Cohort Severe or critically ill
COVID-19 patients
who received anti-
SARS-CoV-2 antibody-
containing CP along
with the antiviral
treatment (n =
888)Anti-SARS-CoV-2
Ig G antibodies were
not routinely screened
in COVID-19 patients
before CP treatment

200–600 mL of plasma
collected from patients
with COVID-19
documented by a
laboratory test
(b) Resolution of
symptoms at least 14
days prior to donation
and negative results for
COVID-19. All CP
donors were screened
for the presence of anti-
SARS-CoV-2 Ig G
antibodies Titer of
neutralizing antibody
was not routinely
performed

Age-gender, comorbidity,
and other COVID-19
treatments (favipravir,
lopinavir ? ritonavir,
hydroxychloroquine,
high dose vitamin C,
azithromycin) matched
severe or critically ill
COVID-19 patients at
1:1 ratio (n = 888) were
used for comparison

Duration of hospital/ICU
stay; mechanical
ventilation rate;
vasopressor
requirement; case
fatality rate

Hegerova
2020 [29]

Seattle, 5
hospitals

Cohort Twenty patients with
severe or critical
COVID-19 diagnosed
using RT-PCR were
treated with one unit of
CP

Plasma collected from
COVID-19–recovered
donors aged from 29 to
79 years after atleast 28
days past their
symptom onset. Anti–
SARS-CoV-2
immunoglobulin G
serology, as determined
by the Abbott
ARCHITECT, was
positive in all but 1
donor

Control patients were
well matched with
regard to age, number
of comorbidities, WHO
score, sequential organ
failure assessment
score, and severity of
illness.

WHO ordinal clinical
score; mortality; Length
of hospitalization

Jiang
2020 [30]

Nanjing.
China

Cohort 163 cases received CP
and 163 matched
controls received the
standard treatment
diagnosed as COVID-
19 were included.
43.56% were male.
Mean age 64.07 ±
13.37 years; 65.64%[
60 years old. 48.47%
cases and 77 47.24%
controls had
hyperlipidemia,
diabetes mellitus,
coronary heart disease
or tumor

Volume of CP infused
and antibody titres have
not been mentioned

Propensity score matched
controls were enrolled.
Matching parameters
not mentioned

DeathDuration of
Hospitalization

Alsharidah
2020 [31]

Kuwait; 4
hospitals

Cohort 135 patients received CP
and 233 controls with
laboratory diagnosis of
SARS-CoV-2 infection
and moderate or severe
COVID-19 according to

200 mL of plasma
collected from donors
with positive EUA-
approved qualitative
serological test for
SARS-CoV-2 IgG
antibodies after

For each patient who
received CCP the first
two patients with the
same disease severity
strata admitted on that
calendar date from the
same participating

Clinical recovery at 30
days; time to clinical
recovery
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there is uncertain evidence of the effect of CP on mortality

(risk ratio (RR) 0.55, 95% CI 0.22 to 1.34, low-certainty

evidence) and clinical improvement (RR 0.98, 95% CI 0.30

to 3.19, low-certainty evidence) [36]. This conclusion is

consistent with what the present study found. The sys-

tematic review by Shao et al evaluated the effect of con-

valescent blood products (CBPs) for patients with severe

acute respiratory infections of all viral aetiologies, and

concluded that the all-cause mortality in the RCTs showed

no difference between the interventional group and the

control group (OR 0.82; 95% CI 0.57 to 1.19; P = 0.30).

Using CBPs earlier, compared with using CBPs later, was

associated with a significant reduction in all-cause mor-

tality (OR 0.18; 95% CI 0.08-0.40; P\ 0.0001) [37].

Sarkar et al identified two RCTs and five cohort in their

systematic review on role of CP in COVID-19. They

concluded that there is very low- to low quality evidence

that CP reduces mortality (OR 0.44, 95% CI 0.25 to 0.77)

from seven studies and increases clinical improvement (OR

2.06, 95% CI 0.8 to 4.9) from five studies [38]. The review

by Devasenapathy et al provided indirect evidence of the

role of CP from studies on SARS, MERS, Influenza and

Ebola. However, they reported very low-quality evidence

that raised the possibility that CP has minimal or no benefit

in the treatment of COVID-19 and low-quality evidence

that it does not cause serious adverse events [7].

The present systematic review incorporates a robust

search strategy with a comprehensive search of three major

databases as well as preprint servers. Screening of titles,

abstracts and full texts was done independently by two

reviews in duplicate, as was the data abstraction including

risk of bias assessments. Lastly, we used the GRADE

methodology to rate the certainty in the evidence, thus

enabling us to pay close attention to methodological issues

like inconsistency, imprecision and risk of bias.

The limitations of the present review are largely due to

the limitations of the included primary studies, most of

which yielded imprecise estimates. Imprecision persisted

for most outcomes in the meta-analyses since evidence

from large RCTs are not yet available. Though we used the

adjusted estimates wherever reported, many studies failed

to report adjusted estimates and were assessed as having

serious risk of bias due to confounding. Another consid-

eration is that this review includes evidence from pre-print

articles, the quality of which has not been peer-reviewed

and the results of which are subject to change following the

peer review process. The number of included studies were

few, precluding the possibility of subgroup analyses to

explore the heterogeneity observed in the meta-analyses of

some outcomes. However, the difference in severity of

patients included amongst trials could possibly explain the

heterogeneity. For instance, Agarwal et al [12] enrolled

Table 2 continued

Study Country,
region and
hospital

Study
design

Population Interventions Adjustment Outcomes

the WHO classification
at admission

recovery. Donors who
tested negative or were
positive only for SARS-
CoV-2 IgM were
excluded

center were included as
control; Adjusted for
age, baseline oxygen
saturation\ 88%,
lymphocyte count, and
C-reactive protein

Yoon
2020 [32]

New York
single
hospital

Cohort 90 patients with serious
or life-threatening
COVID-19

200 mL CP with SARS-
CoV-2 spike protein
IgG endpoint titers
Median IgG, IgM and
IgA titers were,
respectively, 1:47,385
(interquartile range
[IQR], 21,870 – 65,610;
n = 46), 1:810 (IQR,
810 – 2,430; n = 43)
and 1:90 (IQR, 90 –
270; n = 43)

258 Propensity score
matched controls

Clinical status and
mortality on day 28
post-transfusion
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patients that were less severe than the other trials in the

meta-analyses. Clinical improvement scales were different

between the various included trials. Differences in the

interventions with respect to titres, volume, etc could also

be a source of heterogeneity. Clinical heterogeneity is

evident from the different inclusion criteria used by studies.

There is limited knowledge so far with regard to what level

of antibody titre is protective and three of the included

studies did not measure antibody titres of donors

[19, 21, 25]. There is very limited reporting of adverse

Table 3 Risk of bias of included randomized controlled trials

Study (Reference) Sequence

generation

Allocation sequence

concealment

Blinding Missing outcome

data

Selective outcome

reporting

Other BIAS

Li 2020 [11] Definitely low Definitely low Definitely

high

Definitely low Definitely low Probably

high1,2

Agarwal 2020

[12]

Definitely low Definitely low Definitely

high

Probably low Definitely low Probably

high2

Gharbharan 2020

[13]

Definitely low Definitely low Definitely

high

Probably low Definitely low Probably

high1,2

Sola 2020 [14] Probably low Probably low Definitely

high

Definitely low Definitely low Probably

high1,2

Bajpai 2020 [15] Probably low Probably low Definitely

high

Definitely low Definitely low Probably

high2

AlQahtani 2020

[16]

Definitely low Unclear Definitely

high

Definitely low Definitely low Probably

high2

Simonovich 2020

[26]

Definitely low Definitely low Definitely

low

Definitely low Definitely low Definitely

low

Libster 2020 [27] Definitely low Definitely low Definitely

low

Definitely low Definitely low Probably

high1

Ray 2020 [28] Unclear Unclear Definitely

high

Definitely low Definitely low Probably low

1 Study terminated early

2 Imbalance in cointerventions

Fig. 2 Effect of convalescent plasma on mortality: evidence from RCTs
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Table 4 Risk of bias of included cohort studies

Study

(Reference)

From the same

population

Assessment

of exposure

Outcome

present at

start

Adjustment Assessment of

prognostic factors

Assessment

of outcome

Adequate

follow-up

Co-

Interventions

similar

Rasheed 2020

[17]

Definitely low Definitely

low

Definitely

low

Definitely

high

Probably high Probably

high

Probably

low

Probably

high

Abolghasemi

2020 [18]

Definitely low Definitely

low

Definitely

low

Definitely

high

Definitely high Definitely

high

Probably

low

Probably

high

Omrani 2020

[19]

Definitely low Definitely

low

Definitely

low

Definitely

lowa
Definitely low Probably

highb
Probably

low

Probably

high

Rogers 2020

[20]

Definitely low Definitely

low

Definitely

low

Definitely

lowe
Definitely low Definitely

low

Probably

low

Definitely

high

Salazar E

2020 [21]

Definitely low Definitely

low

Definitely

low

Definitely

lowf
Definitely low Probably

high

Probably

low

Definitely

high

Xia 2020 [22] Definitely low Definitely

low

Definitely

low

Definitely

high

Definitely high Probably

highg
Probably

low

Definitely

high

Liu 2020 [23] Definitely low Definitely

low

Definitely

low

Definitely

lowc
Definitely low Definitely

lowd
Probably

low

Definitely

high

Salazar M

2020 [24]

Definitely low Definitely

low

Definitely

low

Definitely

lowh
Probably highj Probably

highg
Probably

low

Definitely

high

Altuntas 2020

[25]

Definitely low Definitely

low

Definitely

low

Definitely

lowi
Probably highk Probably

highg
Probably

low

Definitely

high

Hegerova

2020 [29]

Definitely low Definitely

low

Definitely

low

Definitely

low

Probably low Probably

high

Probably

low

Definitely

low

Jiang 2020

[30]

Definitely low Definitely

low

Definitely

low

Probably

low

Probably low Probably

high

Probably

low

Definitely

high

Alsharidah

2020 [31]

Definitely low Definitely

low

Definitely

low

Definitely

low

Probably high Probably

high

Probably

low

Definitely

high

Yoon 2020

[32]

Probably low Probably low Definitely

low

Probably

low

Probably low Probably

low

Probably

low

Probably

high

a Adjusted for invasive mechanical ventilation; use of methylprednisolone and APACHE II score at baseline; hight adjusted for other co-

interventions such as TCZ, antivirals, anticoagulation, HCQ, vasopressor use; dialysis requirement etc
b high risk of bias for respiratory support and viral clearance; low risk for survival
c Propensity matched controls
d Hight blinded; high risk for O2 requirement; low risk for survival
e Age, gender, race, baseline oxygen requirements, remdesivir use, and corticosteroid use; AI of plasma, hight adjusted for TCZ, anticoagulation,

HCQ use
f Adjusted for steroids, remdesivir and TCZ, propensity matching for respiratory status
g low risk of bias for mortality; high for SCSS
h Adjusted for age, ICU admission, mechanical ventilation; diabetes and preexisting cardiovascular disease
i Adjusted for age, gender, comorbidity, and other COVID-19 treatments (favipravir, lopinavir ? ritonavir, hydroxychloroquine, high dose

vitamin C, azithromycin)
j Other interventions with potential to change outcome have hight been collected or compared between the groups
k Baseline severity has hight been compared between CP arm and standard of care arm. Other interventions with potential to change outcome

were matched when selecting controls
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Table 5 GRADE assessment and summary of findings

Certainty assessment Summary of findings

Partici-

pants (studies)

Risk

of

bias

Incon-

sistency

Indirect-

ness

Impre-

cision

Other bias Overall

certainty

of

evidence

Study event rates

(%)

Rela-

tive

effect

(95 %

CI)

Anticipated absolute

effects

With

no CP

With

CP

Risk

with

no CP

Risk

difference

with CP

Mortality- RCTs

1374 (8 RCTs) serio
usa

not
serious

not
serious

serious none �� ��
LOW

87/62 5
(13.9
%)c

93/74 9
(12.4
%)

OR
0.85
(0.61
to
1.18)

139 per
1,00 0

18 fewer per
1,000 (from
49 fewer to
21 more)

Mortality - Cohort

8368 (13
observa
tional
studies)

serio
usb

not
serious

not
serious

not
serious

all plausible
residual
confounding
would reduce the
demonstrated
effect

����
LOW

1548/
5692
(27.2
%)c

536/2
676
(20%)

OR
0.66
(0.53
to
0.82)

272 per
1,00 0

74 fewer per
1,000 (from
107 fewer
to 37
fewer)

Viral clearance- day 3

609 (3 RCTs) serio
us

seriousd not
serious

serious none �� ��
VERY
LOW

94/29 9
(31.4
%)c

142/3
10
(45.8
%)

OR
3.37
(0.89
to
12.7
3)

314 per
1,00 0

293 more per
1,000 (from
25 fewer to
539 more)

Clinical improvement

522 (3 RCTs) serio
us

seriouse not
serious

not
serious

none �� ��
LOW

107/1
99
(53.8
%)

207/3
23
(64.1
%)

OR
1.07
(0.86
to
1.34)

538 per
1,00 0

17 more per
1,000 (from
38 fewer to
71 more)

LOS

2269 (2 RCTs
and one
observa
tional study)

serio
us

seriousf not
serious

serious all plausible
residual
confounding
would reduce the
demonstrated
effect

�� ��
VERY
LOW

1132 1137 – The
median
LOS
was 13
day s g

MD 0.97
days lower
(3.28 lower
to 1.33
higher)

Mechanical ventilation - RCT

522 (3 RCTs) serio
us

not
serious

not
serious

serious none �� ��
LOW

29/20 0
(14.5
%)

66/32 2
(20.5
%)

OR
1.20
(0.72
to
1.98)

145 per
1,00 0

24 more per
1,000 (from
36 fewer to
106 more)

Mechanical ventilation - Cohort studies

5206 (4
observa
tional
studies)

serio
us

not
serious

not
serious

not
serious

all plausible
residual
confounding
would reduce the
demonstrated
effec

�� ��
LOW

1091/
3318
(32.9
%)c

648/1
888
(34.3
%)

OR
0.80
(0.71
to
0.91)

329 per
1,00 0

47 fewer per
1,000 (from
71 fewer to
20 fewer)

CI: Confidence interval; OR: Odds ratio; MD: Mean difference
a Included trials were unblinded and reported unbalanced co-interventions. Three trials were stopped early
b Included unadjusted estimates from four cohort studies
c Baseline risk was obtained from COVID-19 patients that had not been administered CP in studies included in the meta-analysis for the outcome.
d I 2=87%
e Clinical improvement was measured on two different ordinal scales in the included trials
f I 2=82%
g Baseline risk from a study of the COVID-19 patients without CP use: Guan W et al. https://doi.org/10.1056/NEJMoa2002032
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events in the included studies. Many studies excluded

patients with moderate to severe ARDS and this precluded

studying the effect of severity of disease on the efficacy of

CP.

Uncertainty remains regarding the role of convalescent

plasma in the treatment of COVID-19. There is low cer-

tainty evidence of a possible reduction in mortality and

mechanical ventilation, a faster viral clearance and the

absence of any serious adverse events. However, its

Fig. 3 Effect of convalescent plasma on mortality: evidence from cohort studies

Fig. 4 Effect of convalescent plasma on clinical improvement

Fig. 5 Effect of convalescent plasma on length of stay
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efficacy for these outcomes requires evidence from good

quality and adequately powered randomized controlled

trials.
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