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Introduction
Since late 2019, coronavirus disease 2019 (COVID-19), caused 
by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), has spread around the world with high rates of transmis-
sion and substantial mortality.1 COVID-19 has clinical manifes-
tations ranging from no symptoms to respiratory failure.2 So far, 
some agents have shown a degree of clinical efficacy in large ran-
domized, controlled trials like remdesivir, in hospitalized patients 
with pulmonary disease, and dexamethasone, in hospitalized 
patients receiving oxygen.3-5, 24, 25 In addition to these standards 
of care, health professionals have tried to manage COVID-19 
revisiting older strategies, such as convalescent plasma. Conva-
lescent plasma is a source of antiviral neutralizing antibodies. In 
the pre-vaccine era, convalescent plasma was used to treat viral 
diseases such as poliomyelitis, measles, mumps, and influenza, 
and, more recently, influenza, Ebola virus disease, and severe 
acute respiratory syndrome coronavirus epidemics, with varying 
degrees of success.6-8 Based on the experience of treating these 
viral infectious diseases, it might be worthwhile to test the safety 
and efficacy of convalescent plasma transfusion in SARS-CoV-
2-infected patients.20-23 Although the use of convalescent plasma 
shows promise, the evidence supporting its use in the treatment of 
COVID-19 remains limited. In fact, available information stands 
on anecdotal cases, experience based on limited hospital data and 
few relatively small, randomized trials conducted after the 2019 
coronavirus outbreak.9 We hypothesized that pooling the suitable 
studies in a meta-analysis might provide more solid information 
on the efficacy of this treatment and/or at least provide data that 
will be useful to better frame future studies. 

Methods
We searched the literature for studies about the use of conva-
lescent plasma in COVID-19 pneumonia using the search terms 
convalescent plasma or hyperimmune serum, COVID-19 pneu-
monia or SARS-CoV-2. We searched in two large databases, 
PubMed and Cochrane library for articles published from Jan-
uary to December 2020 and that met some predefined quality 
criteria that could be eligible for a meta-analysis following the 
Cochrane Methodology. We found 1255 trials in the Cochrane li-
brary and 401 on PubMed. After the title and abstract reading, we 
found 42 studies related to our criteria. After the final assessment 
of the articles, 6 of them were chosen as final studies to be includ-
ed in the meta-analyses. We worked using a standardized sheet to 
extract information on the first author, year of publication, coun-
try of the study group, retrospective or prospective design, sam-
ple size, primary and secondary outcomes, adverse events, other 
medical conditions and medications for the plasma group and the 
control. The next step is the quality assessment by five indepen-
dent professionals using a visual analogical scale for each study 
assessment (the analogical scale in the supplementary).

Inclusion and exclusion criteria and data extraction (in the 
supplementary)
Endpoints 
The primary endpoint is the reduction of the death rate between 
the arms assigned to convalescent plasma and those assigned to 
standard treatment alone. 

The secondary endpoint is the need for invasive ventilation in 
both groups: the convalescent plasma group and the control group.

Statistical analysis
Statistical analysis was realized through JASP software, an open-
source software based on R. Method was set based on the Om-
nibus Test of Model Coefficients and the Test of Residual Het-
erogeneity.

The effect size and the standard error were calculated accord-
ing to the software producer’s  recommendations. The estimated 
result of each study for the intervention was represented through 
intercept and 95% Confidence Interval. Funnel and forest plots 
were produced. Egger’s test was performed to evaluate asymmetry.
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Results 
The details of the six studies included in the meta-analyses are 
reported in Table 1.

Outcomes 
The primary outcome we analysed is death among the 2 groups 
in the studies, the convalescent plasma group and the control 

group. The secondary outcome is the necessity of invasive venti-
lation of the patients who received convalescent plasma in com-
parison with those who received only the standard treatment. We 
extracted the data from 6 selected studies to calculate mortality 
of COVID-19 patients. The results of meta-analysis of mortali-
ty are shown in forest-plot (Figure 1) and a fixed-effect model 
was used on the 6 studies. To assess the heterogeneity among the 

Supplementary
The analogical scale for quality assessment
We worked using a standardized sheet to extract information on the first author, year of publication, country of the study group, 
retrospective or prospective design, sample size, primary and secondary outcomes, adverse events, other medical conditions and 
medications for the plasma group and the control. The next step is the quality assessment by five independent professionals using 
a visual analogical scale for each study assessment:

•	 	Was the study described as randomized, a randomized trial, a randomized clinical trial, or an RCT?
•	 	Was the method of randomization adequate (i.e., use of randomly generated assignment)
•	 	Was the treatment allocation concealed (so that assignments could not be predicted)?
•	 	Were study participants and providers blinded to treatment group assignment?
•	 	Were the groups similar at baseline on important characteristics that could affect outcomes (e.g., demographics, risk fac-

tors, co-morbid conditions)?
•	 	Was there high adherence to the intervention protocols for each treatment group?

Were other interventions avoided or similar in the groups (e.g., similar background treatments)?

Inclusion and exclusion criteria and data extraction
The inclusion criteria are as follows:

•	 	Only 2 armed studies
•	 	signed informed consent;
•	 	aged 18 years and higher;
•	 	COVID-19 diagnosis based on polymerase chain reaction (PCR) testing.
•	 	Radiologically pneumonia confirmed
•	 	acceptance of random group assignment.
•	 	no participation in other clinical trials, such as antiviral trials, during the study period.

Exclusion criteria:
•	 	pregnancy or lactation;
•	 	immunoglobulin allergy;
•	 	IgA deficiency;
•	 	preexisting comorbidity that could increase the risk of thrombosis.
•	 	Life expectancy is less than 24 hours.
•	 	disseminated intravascular coagulation;
•	 	severe septic shock;
•	 	PaO2/ FIO2 of less than 100.
•	 	severe congestive heart failure;
•	 	detection of high titer of S protein–RBD-specific (receptor binding domain) IgG antibody (≥1:640);
•	 	other contraindications as determined by the patient’s physicians.

Participation in any antiviral clinical trials for COVID-19 within 30 days prior to enrollment.

PICO strategy table

P COVID19 patients

I Convalescent plasma transfusion

C Control group which takes only standard treatment

O
Primary outcome is death among the two groups. Secondary 
outcome is the need of invasive ventilation
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Prisma flowchart of the selected studies

Studies found on PubMed 401; 
Cochrane library 1255, studies 
total 1656.

Exclusion of studies which, 
do not include convalescent 
plasma treatment in COVID 
19 (1009), duplicates (256) 
not include humans (81), 
not in English (310). Study 
excluded :1614.

Studies excluded if they 
are not two armed (30), do 
not have a confirmed PCR 
diagnosis, or a confirmed 
pneumonia (4), patients with 
severe medical conditions 
which led to a life expectancy 
less than 24 hours, pregnant or 
lactating woman. (2) Number 
of studies excluded 36.

Number of studies after the 
title and abstract evaluation: 42 
studies

Number of final studies included 
in the meta-analysis: 6 studies.

Evaluation of full text studies

studies we used the Test of Residual Heterogeneity (P = 0.261). 
P-values above 0.100 indicate that there is no significant hetero-
geneity among the studies (Table 2). 

We have a non-significant result in favour of Convalescent 
Plasma (CP) (P = 0.147, intercept -0,232 [-0.546-0,082]). Al-
though we may consider that this result avoids publication bias. 
We constructed a Funnel plot (Figure 3) to assess the asymmetry 
of the studies, which is an indicator of publication bias. In the 
Funnel plot, it seems to have a symmetric distribution of the stud-
ies, but it should be evaluated by statistics test. We used Egger’s 
test to assess the asymmetry, (P = 0,022), it is an indicator of bias.

The secondary outcome is the need for invasive ventilation. 
In this case we did the assessment of heterogeneity using the Test 
of Residual Heterogeneity (P < 0.100), which indicates that there 
is heterogeneity among studies. Therefore, the method used for 
the evaluation of the effect of plasma in invasive ventilation is the 
Restricted ML, a random effect model. The results of the effect 
of convalescent plasma on the need of invasive ventilation are 
shown in the Forest plot (Figure 2), (P = 0.171, intercept -1.098, 
CI [-2,669- 0,472]. Even though we have e result in favour of 
convalescent plasma in lowering the need of invasive ventilation, 
it is not significant (P = 0,171). We constructed a Funnel plot to 
assess the asymmetry (Figure 4) and also used the Egger’s test to 
see if it is statistically significant P = 0.274. In this case it means 
that there is an asymmetry and an indicator of no publication 
bias.

Discussion
The studies we included in the meta-analyses had different dis-
ease severity patients, from moderate to severe and life-threaten-
ing disease. This could have affected the result about the efficacy 
of convalescent plasma in COVID-19 and the overall result is 
weak in favour of convalescent plasma. This kind of result could 
have many reasons like the different kind of populations in the 
studies in terms of severity (from moderate to life threatening 
disease) and their different response to the treatment, the time 
of initiation of the treatment, the number of the participants. All 

the studies reported very few adverse events with the transfusion 
of convalescent plasma which makes plasma a safe therapeutic 
strategy. A review about convalescent plasma therapy reported 
that convalescent plasma treatment appeared effective and safe 
for COVID-19, but there was a need for randomized studies to 
further evaluate its efficacy and safety.9 Another systematic re-
view and meta-analyses reported that convalescent plasma thera-
py appears safe for COVID-19, and plasma treated patients have 
marked reductions in their serum viral loads and most are virus 
negative after transfusion.10 Patients with severe COVID-19 ben-
efit more from the convalescent plasma transfusion than critical 
patients,11 and patients treated in early stage are more likely to 
survive. Another study suggests that convalescent plasma use in 
severe and critically ill patients with COVID-19 may improve 
survival if given early in the course of disease.12 A lot of different 
agents have been studied since the outbreak of the pandemics. 
Many studies have been conducted to test the efficacy of clo-
rochine, hydroxiclorochine, azythromycine, different antiviral 
agents and corticosteroids.26 Most of these medications are prov-
en to have no effect on COVID-19 infection.13 The only agents 
proven in some randomized studies to have beneficial results are 
Remdesivir in patients with COVID-19 pneumonia and cortico-
steroids in those who require oxygen supplementation.3-5 Another 
agent, Ivermectin, has been studied initially in vitro, with good 
results on inhibiting the viral replication.14 A recent study pub-
lished in January 2021 reported that among patients with non-se-
vere COVID-19 and no risk factors for severe disease, receiving 
a single 400 mcg/kg dose of ivermectin within 72 hours of fe-
ver or cough onset resulted in no difference in the proportion of 
PCR-positive cases.15 The convalescent plasma was used earlier 
in the treatment of other infectious diseases and studying its ef-
ficacy in COVID-19 is reasonable.16-19 In summary, in our me-
ta-analyses, convalescent plasma doesn’t have a significant effect 
for reducing the mortality and the need for invasive ventilation 
but considering it as a safe treatment, it can be worthy to continue 
studying its efficacy in larger studies, in order to get more solid 
and convincing results. 
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Figure 1. Forest plot, mortality among groups, FE model: fixed 
effect model.

Figure 2. Forest plot of invasive ventilation need.

Table 3. Wald Test, Intercept -0,232[-0,546- 0,082], p 0,147

Coefficients

95% Confidence Interval

Estimate
Standard 
Error z p Lower Upper

Intercept -0.232 0.160 -1.449 0.147 -0.546 0.082

Note. Wald test. 

Table 4. Egger’s test

Regression test for Funnel plot asymmetry  
(“Egger’s test”) 

z p

Sei -2.294 0.022 

Table 5. Egger’s test for the invasive ventilation

Regression test for Funnel plot asymmetry (“Egger’s 
test”)

z p

Sei 1.095 0.274 

Conclusions
Convalescent plasma did not have a significant role in reducing 
mortality and the need for invasive ventilation compared to stan-
dard treatment in patients with COVID-19. Larger studies with a 
greater number of patients may have promising results.

Table 2. Test of residual heterogeneity

Forest Plots

Fixed and Random Effects

Q df p 

Omnibus test of Model 
Coefficients 

2.098 1 0.147 

Test of Residual Heterogeneity 6.501 5 0.261 

Note. p -values are approximate.
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