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Abstract

Aims: Given the variability of previously reported results, this systematic review aims to
determine the clinical effectiveness of convalescent plasma employed in the treatment of

hospitalized patients diagnosed with COVID-19.

Methods: We conducted a systematic review of controlled clinical trials assessing treatment
with convalescent plasma for hospitalized patients diagnosed with SARS-CoV-2 infection. The
outcomes were mortality, clinical improvement, and ventilation requirement.

Results: A total of 51 studies were retrieved from the databases. Five articles were finally
included in the data extraction and qualitative and quantitative synthesis of results. The overall
risk of bias in the reviewed articles was established at low-risk only in two trials. The meta-
analysis suggests that there is no benefit of convalescent plasma compared with standard
care or placebo in reducing the overall mortality and the ventilation requirement. However,
there could be a benefit for the clinical improvement in patients treated with plasma.
Conclusion: Current results led to assume that the convalescent plasma transfusion cannot
reduce the mortality or ventilation requirement in hospitalized patients diagnosed with SARS-
CoV-2 infection. More controlled clinical trials conducted with methodologies that ensure a

low risk of bias are still needed.

The reviews of this paper are available via the supplemental material section.

Keywords: clinical improvement, convalescent plasma, COVID-19, mortality, SARS-CoV-2

Received: 25 January 2021; revised manuscript accepted: 27 May 2021.

Introduction

The SARS-CoV-2 virus, first detected in Wuhan,
China, has caused a global pandemic.! What is
known about the microorganism is established by
genomic analysis as the disease spreads.?3 The
pandemic still represents a global health threat; in
mid-January 2021, the total number of COVID-
19 cases reported by the World Health Organization
(WHO) is close to 100 million, while deaths have
exceeded two million.* One year after the onset of
the disease, it is known that there are cases with
different degrees of severity ranging from asymp-
tomatic cases to critical patients, in whom respir-
atory failure, septic shock, or multi-organ failure

occurs, requiring various hospital care and sup-
portive treatment.” WHO points out that there
are more than 200 vaccines under investigation;
only some in phase IIT and IV are being distrib-
uted currently.6-°

The distribution of these vaccines is subject to
each country’s production, acquisition, storage,
and distribution capacities. As of January 2021,
90% of the vaccines produced are concentrated in
nine countries.!? These problems limit a large per-
centage of the world population to be vaccinated
as soon as possible and therefore reach herd pro-
tection, this limitation being even more significant
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in low-income countries, which will have to wait a
considerable time longer; this is because of the
pre-order manufacturing contracts for vaccines to
13% of the population mainly in the European
Union.% All this implies that people will continue
to be infected and will continue to die from this
infection in low-income countries. Therefore, to
find a treatment that reduces the severity of the
disease and reduces the incidence of fatality is still
a significant public health concern.

On the other hand, besides the limitations of
access to the vaccine, their efficacy has been
established in a range from 50% to 95%.%°
Therefore, in countries where there will not be
prompt protection of the population, it is neces-
sary to use treatments to recover hospitalized
patients when the effectiveness of the vaccines is
not as expected.

Among the repurposed treatments, the use of
passive immunity has been suggested as an alter-
native since the beginning of the pandemic.!! The
use of convalescent plasma as a treatment against
COVID-19 was approved in March 2020 by the
Food and Drug Administration.!? The treatment
uses the administration of antibodies collected
from people recently infected and recovered from
COVID-19. The results of the use of plasma are
variable, reporting efficacy if its use is in the first
16days of illness, which was associated with an
improvement in the first days after treatment and
lower requirements for ventilatory support. On
the other hand, some studies show no evidence of
clinical effectiveness of plasma in severely or criti-
cally ill patients for preventing disease progres-
sion.13-1° Given the variability of previously
reported results, the present work aims to deter-
mine the clinical effectiveness of convalescent
plasma employed in the treatment of hospitalized
patients with diagnosis of COVID-19.

Methods

A systematic review was conducted adhering to the
Preferred Reporting Items for Systematic Reviews
and Meta-Analyses guidelines for conducting sys-
tematic reviews.2? The question in this review was:
What is the clinical effectiveness of convalescent
plasma employed in the treatment of hospitalized
patients with diagnosis of COVID-19?

To conduct the review, the PICOS structure was
followed according to these points:

e DPatients: adults hospitalized with a diagno-
sis of SARS-CoV-2 infection;

e Intervention: treatment with convalescent
plasma;

e Comparison: placebo or standard care;

e OQutcomes: overall mortality, clinical
improvement at 7days, clinical improve-
ment at 14days, clinical improvement at
28 days, ventilation requirement, duration
of hospitalization (days), virological clear-
ance, and severe adverse events;

e Studies (type of): clinical trials published in
peer-reviewed journals.

The search was carried out in PubMed, Scopus, and
Web of Science databases between 20 November
2020 and 9 January 2020. The references of the
selected articles were also reviewed for an integral
reading to include additional studies not indexed
in these databases. The ClinicalTrials.gov website
was also scanned to obtain potential published
reports of registered trials. The search strategies
included the following keywords: convalescent
plasma, COVID-19, SARS-CoV2, hospitalized.
See the Supplemental material file online for more
details on the search strategies.

Studies that met the following criteria were included:
(i) controlled clinical trials, (ii) studies that included
hospitalized patients with SARS-CoV-2 infection,
(iii) published in 2020 and 2021, (iv) published in
English, Chinese, Spanish, or Portuguese. The
exclusion criteria were: (i) not being a clinical con-
trolled trial, (ii) not treating hospitalized patients,
and (iii) not using convalescent plasma.

All references were managed with Mendeley®
software. The selection of the articles began with
the removal of duplicate articles and proceeded
with the reading of the title and abstract, carried
out independently by reviewers 1, 2, and 3. The
final decision in cases of disagreement was based
on the criteria of a fourth reviewer. In the second
phase, the same reviewers read the full text of the
studies to define which would be included for the
extraction and synthesis of data. The data were
stored in Microsoft Office Excel spreadsheets and
organized in an instrument constructed by the
authors considering: characteristics of the study
(author, year, country), sample, study design,
and characteristics of the results.

The risk of bias of the studies was evaluated using
the ROB2 tool.2! The included studies were
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independently assessed by reviewers 1 and 5 (see
Supplemental file).

The qualitative synthesis was developed following
the assessed outcomes: overall mortality, clinical
improvement at 7 days, clinical improvement at
14 days, clinical improvement at 28 days, ventila-
tion requirement, hospital stay (days), virological
clearance, and severe adverse events.

Statistical analysis

Meta-analyses of inverse variance were conducted
for three outcomes: clinical improvement at day
7, ventilation requirement, and overall mortality.
Meta-analyses were conducted with Revman v5.4
using pooled fixed effects odds ratios. The signifi-
cance and the magnitude of heterogeneity across
studies were calculated using the Q and I? statis-
tics. Odds ratios (ORs) with 95% confidence
intervals (CIs) were plotted for the association
between convalescent plasma compared with
standard care or placebo. Subgroup analyses were
performed to examine differences according to
the population (all adults and older adults) in the
treatment with convalescent plasma for the venti-
lation requirement and the overall mortality in
patients diagnosed with SARS-CoV-2 infection.

The review protocol was registered on the
PROSPERO platform (CRD42020184436).

Results

Following the described PICOS structure, this
systematic review retrieved 51 studies from the
databases. After the removal of four duplicates,
47 articles were read in title and abstract. Forty-
two were eliminated, resulting in five articles for
full-text reading. Four articles were finally
included in the data extraction and qualitative
and quantitative synthesis of results (Figure 1).

The overall risk of bias in the reviewed articles was
established at low-risk only in two randomized,
double-blind clinical trials.!”-22 The remaining
three studies were established at high risk of bias
due to issues in the randomization process.!%:1819
More details can be seen in the Supplemental file.

Patient samples ranged from 103 (the study with
the fewest patients) to 464 (the study with the
most patients); four clinical trials included adult
patients,16-18:19:22 ywhile the fifth study was focused

only on older adult patients.!” The retrieved
results were: mortality, clinical improvement at 7,
14, and 28 days (defined by clinical scales), venti-
lation requirement, the mean duration of hospi-
talization (in days), virological clearance (by
laboratory tests), progression to severe disease,
and severe adverse events (Table 1).

The five studies reported using convalescent
plasma at different dosages. Li er al.!° reported a
4—13 ml/kg of recipient body weight dose, with the
possibility of receiving a second dose (96% received
a single dose transfusion). Agarwal er al.!8 reported
two doses of 200ml, transfused 24h apart.
Abolghasemi er al.1 reported one dose of 500 ml,
followed by a second dose of 500ml if the patient
did not improve after 24h. The study developed
by Libster er al.l” in Argentina was the only one
that reported 250ml of convalescent plasma with
IgG titer greater than 1:1000; while the trial led by
Simonovich,?? also in Argentina, reported one sin-
gle dose of 500 ml. Also, it is important to highlight
that three studies used antiviral drugs in both
groups,16:19:22 one study used antiviral treatment in
the control group,!® and one study did not report
the use of drugs in any group.!?

All studies quantified anti-COVID-19 antibody
titers, but only Li er al!'® and Agarwal er al.l8
reported tests for quantifying neutralizing anti-
bodies using two cell culture methodologies. Also,
Li er al.'® reported that the correlation of serum
neutralization titer of 1:80 is approximately equiv-
alent to a titer of 1:1280 for S-RBD-specific IgG.

Outcomes assessed

The primary outcome assessed by this systematic
review was the mortality in hospitalized patients
diagnosed with SARS-CoV-2 infection. Two clinical
trials assessed the mortality of hospitalized patients
at day 28,1819 and three studies reported mortality at
any time from allocation!%:17:22 (Table 1).

Three studies reported clinical improvement. Li
et al.1® has measured this outcome at days 7, 14,
and 28 using the National Early Warning Score
2,23 while Agarwal et al.!8 has measured this out-
come at day 7 as the proportion of participants
showing resolution of symptoms of fever, short-
ness of breath, or fatigue. Simonovich er al.?2 used
an adapted version of the WHO Clinical Scale.?*
Abolghasemi ez al.'® and Libster er al.l7 did not
assess clinical improvement (Table 1).
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51 records identified trhough
database searching

47 records screened

5 full-text articles assessed for

_‘ 4 duplicated removed

42 records excluded with
reasons

eligibility

5 studies were included in
qualitative synthesis

5 studies were included in
quantitative synthesis
(meta-analysis)

I 0 full-text excluded

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flowchart of the inclusion

process in the systematic review.
Cl, confidence interval; IV, inverse variance.

The progression to severe disease was assessed by
Agarwal et al. and by Libster ez al.17-18 The defini-
tions of this outcome differed in both clinical tri-
als: PaO2/FiO2 ratio<100mmHg any time
within 28days of enrolment;!® and respiratory
rate of 30breaths/min or more, SpO2<93% at
ambient air, or both!7 (Table 1).

Two studies!®19 reported the virological clearance
using different criteria, and all studies reported
adverse events identified in patients.16-1922 The
study published by Li ez al.l® was the only one
that assessed subgroups: all patients, patients
with severe disease, and patients with life-threat-
ening disease. Other assessed outcomes are shown
in Table 1.

Table 2 shows the main results from the four arti-
cles included in the qualitative synthesis. The
reduction in overall mortality is supported by Li
et al.’® and Abolghasemi ez al.;'® but Agarwal

et al.,18 Libster ez al.,'” and Simonovich ez al.22 did
not find statistically significant differences.

Li ez al.,'® Simonovich er al.,??2 and Agarwal ez al.18
concluded that the convalescent plasma transfu-
sion did not benefit the intervention groups, while
the studies published by Abolghasemi ez al.1® and
Libster er al.l”7 stated that convalescent plasma
was clinically effective in COVID-19 patients.
Since the conclusions reported by the included
studies differed, we decided to conduct the meta-
analysis to obtain global estimations for our inter-
est outcomes.

Meta-analysis

The result of two studies was integrated into the
fixed-effects meta-analysis for comparing conva-
lescent plasma wersus standard care in the clinical
improvement of patients diagnosed with SARS-
CoV-2 infection.!819 In this case, convalescent
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Experimental Control Odds Ratio Odds Ratio

Study or Subgroup  Events Total Events Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Agarwal 2020 140 176 119 181 88.2% 2.03[1.26 3.27)]
Liz020 ] 52 ] 81 11.8% 0.98[0.27 3.61] e E—
Total (95% CI) 228 232 100.0% 1.86[1.19,2.91] B
Total events 145 124

Fr P - _ T 1 1 1 1
Heterogeneity: Chi*=1.048, df=1 {P=0.30);, F= 5% T o1 A 100

Test for averall effect: Z=2.71 (P = 0.007)

Favbu rs [control] Favours [experimental]

Figure 2. Forest plot of convalescent plasma transfusion for hospitalized patients with SARS-CoV-2 infection.
Comparison: convalescent plasma versus standard care. Outcome: clinical improvement at day 7.

Cl, confidence interval; IV, inverse variance.

Experimental Control

Odds Ratio

Odds Ratio

Study or Subgroup  Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
2.1.1 All adults

Abolghasemi 2020 107 115 59 74  25.4% 3.40 [1.36, 8.49] — &
Agarwal 2020 19 227 19 224 325% 0.99 [0.51, 1.92]

Simonovich 2021 25 228 12 105 30.5% 0.95[0.46, 1.98] £
Subtotal (95% Cl) 570 403 88.4% 1.39 [0.67, 2.91]

Total events 151 90

Heterogeneity: Tau? = 0.27; Chi* = 5.59, df = 2 (P = 0.06); I = 64%
Test for overall effect: Z = 0.88 (P = 0.38)

2.1.2 Older adults

Libster 2021 2 80 4 80 11.6%
Subtotal (95% Cl) 80 80 11.6%
Total events 2 4

Heterogeneity: Not applicable
Test for overall effect: Z = 0.82 (P = 0.41)

Total (95% CI) 650

Total events 163 94
Heterogeneity: Tau? = 0.25; Chi? = 6.74, df = 3 (P = 0.08); 1> = 55%
Test for overall effect: Z = 0.60 (P = 0.55)

Test for subaroup differences: Chiz = 1.21, df =1 (P = 0.27), = 17.0%

483 100.0%

0.49 [0.09, 2.74]
0.49 [0.09, 2.74]

1.23 [0.63, 2.42]

0

0.01 0.1 1 10 100

Favours [experimental] Favours [control]

Figure 3. Forest plot of convalescent plasma transfusion for hospitalized patients with SARS-CoV-2 infection.
Comparison: convalescent plasma versus standard care. Outcome: ventilation requirement.

Cl, confidence interval; IV, inverse variance.

The use of convalescent plasma was associated
with clinical improvement, which is consistent
with other previously published studies;26:2%31
however, Li et al.!® have stated that plasma treat-
ment has not been effective in critically ill patients,
which suggests that more stratified analyses are
needed in primary studies. The plasma transfu-
sion has not been effective for avoiding ventila-
tion requirement, as stated previously by Chai.3!
All this could suggest that the clinical effects of an
earlier transfusion of convalescent plasma should
continue to be assessed in subsequent clinical tri-
als, just like Libster er al.l7 suggests in mildly ill
patients in the early stages of the infection. In the
decade of the 1970s, one study on hemorrhagic
fever in Argentina has shown more effectiveness
of convalescent plasma in the first days of the
clinical course.?”

This early-stage plasma therapy is also supported by
a study conducted in the Netherlands,3® which had
to be halted prematurely. The authors showed that
late-administered plasma therapy did not benefit
patients because they already had high virus-neu-
tralizing antibody titers on the day of study inclu-
sion with titers comparable to the recovered donors’.

The use of neutralizing antibody tests!® is strongly
recommended to ensure the quality of the plasma
transfused to patients, without forgetting that the
host’s response depends on particular phenom-
ena, such as original antigenic sin. This phenom-
enon shows that previous exposure to a similar
virus triggers a strong but not specifically neutral-
izing immune response, so having high antibody
titers or a strong immune response does not indi-
cate that the virus is being neutralized.
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Experimental Control

Odds Ratio

Odds Ratio

Study or Subgroup  Events Total Events Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI

3.1.1 All adults

Abolghasemi 2020 17 115 18 74 22.3% 0.54[0.26, 1.13] s

Agarwal 2020 34 235 31 229 443% 1.08[0.64, 1.83] ——

Li 2020 8 51 12 50 12.3% 0.59[0.22, 1.59] —

Simonovich 2021 19 228 10 105 18.9% 0.86[0.39, 1.93] e

Subtotal (95% CI) 629 458 97.9% 0.82[0.57,1.16] R

Total events 78 7

Heterogeneity: Chi2 = 2.73, df = 3 (P = 0.44); 2= 0%

Test for overall effect: Z = 1.11 (P = 0.27)

3.1.2 Older adults

Libster 2021 2 80 1 80 2.1% 2.03[0.18,22.80]

Subtotal (95% CI) 80 80  2.1% 2.03[0.18, 22.80] ST Tm——

Total events 2 1

Heterogeneity: Not applicable

Test for overall effect: Z = 0.57 (P = 0.57)

Total (95% ClI) 709 538 100.0% 0.83 [0.59, 1.18]

Total events 80 72 . . . .
ity Chi2 = = - .12 =00 } } 1 | |

Heterogeneity: Chi? = 3.26, df = 4 (P = 0.52); I?= 0% 0.01 01 1 10 100

Test for overall effect: Z = 1.02 (P = 0.31)
Test for subgroup differences: Chi* = 0.53, df = 1 (P = 0.47), = 0%

Favours [experimental] Favours [control]

Figure 4. Forest plot of convalescent plasma transfusion for hospitalized patients with SARS-CoV-2 infection.
Comparison: convalescent plasma versus standard care. Outcome: overall mortality.

Cl, confidence interval; IV, inverse variance.

Still, the optimal dosage and the best time point
for the convalescent plasma transfusion need to
be determined in well-designed clinical trials.3°
Additionally, the genetic variability of the virus
and the patients should be analyzed since the
treatment may not have the specific immuno-
globulins to resolve the infection.?

Regarding the influence of antiviral drugs used in
the articles included in this systematic review, the
study by Li ez al.!° reported the use of antiviral
drugs, steroids, immunoglobulin, and interferon,
since they have treated patients with severe or
life-threatening disease. For its part, the Agarwal
study reported the joint use of plasma with some
of these drugs: hydroxychloroquine, remdesivir,
lopinavir/ritonavir, oseltamivir, steroids, and
tocilizumab.!® The Abolghasemi et al.l® study
reported the concomitant use of lopinavir/ritona-
vir, hydroxychloroquine, and an anti-inflamma-
tory agent together with plasma therapy. Previous
studies report some benefits from using these
drugs in adult patients;*0-4! however, more stud-
ies are needed here to control this variable,
although, in clinical practice, this is almost
impossible when treating patients with severe
disease. The only study that could control this
variable was Libster ez al.!”7 because it included
patients only with early-stage disease.

There is enough evidence proving that convales-
cent plasma administration does not have many
severe adverse events in transfusion.!6-19:29:33 In
contrast, more research is needed on the synergis-
tic effect that plasma could have with other repo-
sitioning drugs, as has been demonstrated, for
example, with the use of remdesivir, as has been
published in other studies.19:29-42

Among the limitations of this study, the rapid
generation of new knowledge in times of the pan-
demic can potentially affect the timeliness of this
review in a few months. The second limitation is
the heterogeneity and high risk of bias in the stud-
ies. In this review, we chose not to issue recom-
mendations with the GRADE methodology due
to heterogeneity and the high risk of bias. Another
limitation is that not all studies have used the
same dosage of convalescent plasma in infected
patients. The fourth limitation that must be con-
sidered is the use of antiviral drugs in the control
groups or both groups of patients in three out of
four clinical trials included in this review.

In times of recurring waves of the COVID-19 pan-
demic, the analysis of potential treatments proposed
for hospitalized patients is still necessary since vac-
cines’ procurement and logistics are still seen within
a complex scenario for many low-income countries.
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In many low-income countries, vaccination is likely
to occur six to twelve months after high-income
countries, in part due to logistical problems, as
stated by the World Bank.*? so the search for a clini-
cally effective treatment is still a major concern
globally.

In the ClinicalTrials.gov platform dozens of clini-
cal trials are currently registered that assess the
treatment with plasma, so the addition of new
evidence in the coming months could change the
direction of the analyses in this review.

Conclusion

The current evidence suggests that transfusion
with convalescent plasma cannot reduce the mor-
tality or ventilation requirement in hospitalized
patients diagnosed with SARS-CoV-2 infection.
More controlled clinical trials conducted with
methodologies that ensure a low risk of bias with
neutralizing antibody tests to ensure a good qual-
ity of plasma are still needed.
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