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Background: Convalescent plasma is a potential therapeutic option for critically
il patients with coronavirus disease 19 (COVID-19), vyet its efficacy remains to be
determined. The aim was to investigate the effects of convalescent plasma (CP) in
critically ill patients with COVID-19.

Methods: This was a single-center prospective observational study conducted in Rio
de Janeiro, Brazil, from March 17th to May 30th, with final follow-up on June 30th. We
included 113 laboratory-confirmed COVID-19 patients with respiratory failure. Primary
outcomes were time to clinical improvement and survival within 28 days. Secondary
outcomes included behavior of biomarkers and viral loads. Kaplan-Meier analyses and
Cox proportional-hazards regression using propensity score with inverse-probability
weighing were performed.

Results: 41 patients received CP and 72 received standard of care (SOC).
Median age was 61 years (IQR 48-68), disease duration was 10 days (IQR 6-13),
and 86% were mechanically ventilated. At least 29 out of 41CP-recipients had
baseline IgG titers > 1:1,080. Clinical improvement within 28 days occurred in 19
(46%) CP-treated patients, as compared to 23 (32%) in the SOC group [adjusted
hazard ratio (@HR) 0.91 (0.49-1.69)]. There was no significant change in 28-day
mortality (CP 49% vs. SOC 56%; aHR 0.90 [0.52-1.57]). Biomarker assessment
revealed reduced inflammatory activity and increased lymphocyte count after CP.
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Conclusions: In this study, CP was not associated with clinical improvement or increase
in 28-day survival. However, our study may have been underpowered and included
patients with high IgG titers and life-threatening disease.

Clinical Trial Registration: The study protocol was retrospectively registered at the
Brazilian Registry of Clinical Trials (ReBEC) with the identification RBR-4vm3yy (http://

www.ensaiosclinicos.gov.br).

Keywords: convalescent plasma, coronavirus, acute respiratory distress syndrome, COVID-19, survival

BACKGROUND

As of October 12th, 2020, the coronavirus disease 2019 (COVID-
19) pandemic has affected more than 37 million people
worldwide. Brazil is amongst the hardest hit countries, with
more than 5 million confirmed cases and over 150,000 deaths
(1). Published studies of large cohorts show that, in critically
ill patients, mortality has ranged from 39.5 to 54% (2-4).
Although evidence-based management of patients with severe
COVID-19 in the intensive care unit is evolving rapidly (5, 6),
mortality remains high. Convalescent plasma (CP) is a potential
therapeutic option for COVD-19. Preliminary reports of severe
patients with suspected or confirmed severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) suggested improvement
in their viral load, laboratory markers of inflammation and
organ dysfunction (7-13). A randomized trial of CP that
enrolled patients with severe and life-threatening COVID-19 was
conducted in Wuhan, China, but was stopped early due to slow
enrollment after the containment of the epidemic (14). Albeit
the primary outcome of time to clinical improvement was not
different between groups, the subgroup of patients requiring
oxygen support without mechanical ventilation benefited from
CP therapy. A subsequent randomized trial from India showed
no benefit of CP in the combined outcomes of disease progression
or all-cause mortality at 28 days in a cohort where the majority
of patients had neutralizing antibodies prior to the treatment
(15). Thus, the data available do not support the use of CP for
moderate or severe SARS-CoV-2 infection (16). However, due to
positive results in subgroups and limitations in published studies,
whether CP is beneficial in specific populations of COVID-19
patients remains uncertain.

The aim of the present observational study was to investigate
the effect of convalescent plasma therapy in the clinical
improvement and 28-day mortality of critically ill patients
with COVID-19.

METHODS
Study Design and Patients

This was a prospective observational study conducted at
the Instituto Estadual do Cérebro Paulo Niemeyer (IECPN).
Starting on March 17th, 2020, all patients admitted to the
ICU with suspected COVID-19 underwent diagnostic testing for
SARS-CoV-2 through either nasopharyngeal swabs or tracheal
aspirates, when intubated. A reverse transcriptase-polymerase
chain reaction (RT-PCR) assay was performed with a turnaround

time of <12h. All patients admitted to our ICU received usual
standard of care (SOC) for severe COVID-19 (confirmed disease
and need of oxygen support) and were included in a cohort study
that recorded daily clinical and laboratory data in a dedicated
case report form'. The Convalescent Plasma (CP) observational
study protocol was approved on April 17th. For the purposes
of the comparisons presented in this manuscript, patients in the
SOC group were those admitted to our ICU between March 17th
(first case admitted) and April 17th. Between April 18th and
May 30th, all consecutive adult patients (age > 18 years) with
suspected or confirmed SARS-CoV-2 infection admitted to the
ICU or intubated for COVID-19-related respiratory failure for up
to 3 days were considered eligible to receive CP therapy. Patients
with negative RT-PCR for SARS-CoV-2 and/or life expectancy
<24h, both in the SOC and CP groups, were excluded from
the analysis (Supplementary eFigure 1). Eligible patients with
confirmed COVID-19 and treated with CP between April 18th
and May 30th were compared to patients that received only
SOC treatment. Follow-up continued through June 30th, or a
minimum of 28 days for all patients.

The study protocol was approved by the National Ethics
Committee and the Institutional Review Boards (IRB) of the
Instituto Estadual de Hematologia Arthur de Siqueira Cavalcanti
(HEMORIO) and of the IECPN (3.976.630). The study protocol
was registered at the Brazilian Registry of Clinical Trials (ReBEC)
with the identification RBR-4vm3yy. Informed consent was
obtained from all patients’ representatives.

Procedures and Data Collection

All patients admitted to the ICU received SOC management,
which consisted of respiratory supportive therapy with either
oxygen through a non-rebreather mask or mechanical ventilation
(MV). At the time of our study there were no published
randomized trials supporting the use of steroids for patients with
viral pneumonia and/or acute respiratory distress syndrome
(ARDS) related to COVID-19. Hydrocortisone for refractory
septic shock and methylprednisolone or dexamethasone for
ARDS were used according to the decision of the attending
physicians. Moreover, all patients received prophylactic
anticoagulation with enoxaparin (40 to 60mg daily), unless
contraindicated. Full therapeutic anticoagulation was reserved
for patients with clinical evidence of thromboembolism. Patients
under invasive ventilation, with and without ARDS, were
managed with a protective ventilation strategy that included low

IISARIC (2020).
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tidal volume (6 mL/kg of predicted body weight) and driving
pressure (<16 cmH20) as well as optimal PEEP. Best PEEP was
calculated based on the best lung compliance and PaO2/FiO2
ratio. In those with moderate to severe ARDS and PaO2/FiO2
ratio below 150, despite neuromuscular blockade and optimal
ventilatory settings, prone position was initiated.

The first infusion of 200 to 250mL of ABO-compatible
previously frozen CP was administered up to 3 days after ICU
admission or respiratory failure and endotracheal intubation.
After preliminary analyses of the first 10 treated patients, authors
observed a secondary rise in C reactive protein levels and
persistent viral loads, which lead to a modification of the clinical
protocol, approved by the IRB, including a second infusion
within the first week in subsequent patients.

Clinical and laboratory data were recorded at admission and
sequentially for all patients included in the study for up to
14 days. In patients treated with CP, blood and respiratory
secretion samples were obtained on baseline and after 1, 3,
and 7 days for assessment of viral load and concentrations of
inflammatory cytokines.

Convalescent Plasma Safety

Intervention safety was monitored through careful patient
surveillance, focused on CP adverse effects, at the beginning and
at the completion and 24 h after CP transfusion. The transfusion
medicine team checked for allergic reactions, Transfusion-
Associated Circulatory Overload (TACO), Transfusion-Related
Acute Lung Injury (TRALI), Pro-Thrombotic effects and
acute hemolysis.

Molecular, Inmunological and Cytokine

Assessments

Before and after CP therapy, respiratory tract and blood samples
were collected, and SARS-CoV-2 RNA was evaluated through
quantitative RT-PCR (RT-qPCR). All serial samples were stored
at —80°C and then processed at a single time. Cycle Threshold
(Ct) values were obtained on baseline, days 1, 3, and 7 after CP
therapy. Endpoint titers of IgG anti-SARS-CV-2 S protein were
measured in all donors and CP recipients using a homebrew
ELISA test (for details see Supplementary Material). In order to
examine inflammation and immune activation, we performed a
multiplex immunoassay containing fluorescent dyed microbeads
for plasma cytokine measurements of interleukin (IL)-6 and
IEN-y-induced protein 10 (IP-10).

Outcomes

The primary outcomes of our study were the time to clinical
improvement and survival within 28 days. The former was
defined by a 2-point reduction from patients’ admission status
on a 10-point ordinal scale that was evaluated daily (17) or
discharge from the hospital, whichever came first. The clinical
scale applied ranges from 1 to 10, where values below 4
mean that the patient is ambulatory (i.e., discharged from
the hospital) and 10 that the patient died. Values from 4
to 9 represent an increasing need of oxygen and respiratory
support, as follows: (4) hospitalized, no oxygen support; (5)
hospitalized, oxygen by mask or nasal prongs; (6) hospitalized,

oxygen by non-ivasive ventilation or high flow nasal cannula;
(7) intubated and mechanically ventilated, PO2/Fi02>150; (8)
mechanical ventilation and PO2/FI02<150 or vasopressors; (9)
mechanical ventilation with PO2/FiO2<150 and vasopressors,
dialysis, or extracorporeal membrane oxygenation (ECMO).
Patients that died within 28 days were considered as having no
clinical improvement. Secondary outcomes analyzed included
the behavior of biomarkers in treated and untreated patients.

STATISTICAL ANALYSIS

We reported categorical variables as number (%) and continuous
variables as median and interquartile range (IQR). Comparisons
between groups were performed using the chi-square test
and the Mann-Whitney U-test for categorical and continuous
variables, respectively.

We compared patients treated with CP with patients
treated with SOC. To help account for the non-randomized
administration of CP, we used propensity-score weighting
methods to reduce the effects of confounding. The individual
propensities for receipt of CP were estimated in all patients with
the use of a multivariable logistic-regression model that included
the following clinical covariates, based on clinical grounds: Age,
Sex, Simplified Acute Physiology Score (SAPS 3) (18), Sequential
Organ Failure Assessment (SOFA) score (19) score, mechanical
ventilation on admission and days from symptom onset to
ICU admission. Then, univariate Kaplan-Meier curves and Cox
proportional-hazards regression models were used to estimate
the association between CP therapy and two separate outcomes:
(1) death at 28 days; (2) clinical improvement within 28 days, as
defined by a 2-point reduction from patients’ admission status
on a 10-point ordinal scale (17), or discharge from the hospital,
whichever came first. Associations between CP use and the
outcomes described above were then estimated by multivariable
Cox regression models with the use of propensity-score inverse-
probability weighting.

In addition to the comparisons using all patients, we
compared the behavior of biomarkers in patients that received
CP with propensity-matched controls obtained from the SOC
group. Patients were matched in a 1:1 relation, using the nearest
neighbor method considering the logit as the distance method.
Maximum distance allowed was 0.10. At each matching, the unit
with the closest logit still unmatched was used. After checking
the balance of the propensity-matched groups, we compared
sequential assessments of clinical and laboratory parameters.

Statistical tests were two-sided. A p < 0.05 was considered
statistically significant. Statistical analyses were performed using
IBM SPSS Statistics version 23.0 (Chicago, IL, USA), R (4.0.2) and
Prism (GraphPad, San Diego, CA, USA).

RESULTS

Characteristics and Organ Dysfunction at

Admission
From March 17th to May 30th, 2020, 153 patients were admitted
to our ICU, from which 113 had confirmed COVID-19 and were
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TABLE 1 | Clinical characteristics at admission to the ICU.

Characteristics

All patients (N = 113)

Convalescent plasma (N = 41)

Standard of care (N = 72)

p-value (CP vs. standard)

Age 61 (48-68) 58 (45-64) 63 (49-71) 0.048
Sex—male 69 (61%) 26 (63) 43 (60%) 0.7
Race 0.5
Caucasian 62 (55%) 24 (59%) 38 (53%) -
Black 11 (10%) 5 (12%) 6 (8%) -
Other 40 (35%) 12 (29%) 28 (39%) -
Frailty score 2(1-3) 1(1-9) 2 (1-3) 0.7
Frail 35 (31%) 13 (32%) 22 (31%) 0.9
Respiratory support 0.5
Oxygen 16 (14%) 7 (17%) 9 (13%) -
Mechanical ventilation 97 (86%) 34 (83%) 63 (88%) -
Prone position 10 (9%) 3 (7%) 7 (10%) 0.7
Neuromuscular blockade 46 (41%) 20 (49%) 26 (37%) 0.2
SAPS 3 64 (56-75) 62 (54-69) 67 (67-77) 0.06
SOFA total 11 (7-13) 10 (7-12) 11 (8-13) 0.15
SOFA renal 1(0-3) 0(0-2) 1(0-9) 0.22
ARDS severity 0.09
No ARDS 22 (20%) 5(12%) 17 (24%)

Mild 13 (12%) 2 (5%) 11 (156%)

Moderate 55 (49%) 23 (56%) 32 (44%)

Severe 23 (20%) 11 (27%) 12 (17%)

Complications/Therapy

Vasopressor 68 (60%) 19 (46%) 49 (68%) 0.02
Steroid treatment for ARDS 11 (10%) 7 (17%) 4 (6%) 0.1
Hydrocortisone for shock 27 (24%) 13 (32%) 14 (19%) 0.14
Anticoagulation 79 (70%) 30 (73%) 49 (68%) 0.6
Thromboembolism 10 (9%) 5 (12%) 5 (7%) 0.6

SAPS 3, Simplified Acute Physiology Score 3; SOFA, Sequential Organ Failure Assessment; CF, convalescent plasma; ARDS, acute respiratory distress syndrome; Steroid treatment
for ARDS: Dexamethasone or Methilprednisolone; Anticoagulation includes prophylactic and therapeutic; Thromboembolism includes the clinical diagnosis of either arterial or

venous thrombosis.

included in the analysis (Supplementary eFigure 1). Forty-one
patients were treated with CP therapy and 72 received standard
of care. Among CP-treated patients, 23 received 1 infusion and 18
received 2 infusions of CP. The median age of CP recipients was
58 (IQR 45-64) years, which was lower than the SOC group [63
(IQR 49-71) years; p = 0.048]. Table 1 also shows that 61% were
male, and 86% were mechanically ventilated at admission. From
those on MV, 9% underwent prone position and 41% needed
neuromuscular blockade on the first day of ICU. Median SAPS
3 was somewhat lower in the treated cohort, as compared to all
SOC patients [CP 62 (54-69) vs. SOC 67 (57-77), p = 0.06], while
organ dysfunction, as measured by the SOFA score (19), was not
different [CP 10 (7-12) vs. SOC 11 (8-13), p = 0.15]. Baseline
ARDS severity was worse [Severe ARDS in CP 11 (27%) vs. SOC
12 (17%), p = 0.09] and vasopressor need was more frequent in
the SOC group [CP 19 (46%) vs. SOC 49 (68%), p = 0.02].
Comparisons of disease duration showed that the time
between symptom-onset and ICU admission was similar between
CP and SOC patients [10 (8-14) vs. 9 (5-12), p = 0.07]. On
average, patients treated with CP received the first infusion on

median day 1 (IQR 1-3) from admission and the second infusion
on median day 6 (IQR 5-9) (Supplementary eTable 2).

Moreover, approximately half of patients in our cohort had
hypertension, 31% had diabetes mellitus and 19% were obese.
Other than obesity, which was non-significantly more common
among CP-treated patients [11 (27%) vs. 10 (14%), p = 0.08],
the distribution of comorbidities, as well as presenting symptoms,
were similar between groups (Supplementary eTable 2). Baseline
laboratory parameters showed no significant differences between
CP and SOC patients (Supplementary eTable 1). Amongst
33 patients in which IgG titers were measured before CP
administration, only 4 had endpoint titers < 1:1,080, and two
equal to 1:1,080 (Supplementary eTable 2). These results were
not available prior to CP administration.

Clinical Improvement and Survival at 28
Days

Clinical improvement within 28 days was achieved in 19 patients
in the CP group (46%) and in 23 patients in the SOC group (32%).
Univariate Kaplan-Meier (KM) curves showed no significant
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differences in the probability of clinical improvement between
groups (Figure 1A, Log-rank p = 0.14). Mortality rates, assessed
at 7 and 28 days, were 17 and 49% in the CP group, and 29
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FIGURE 1 | Univariable survival curves (Kaplan—Meier) of 28-day outcomes:
Probability of clinical improvement (A) and survival (B) in Standard of Care
(SOC) and Convalescent Plasma (CP) groups. Differences among curves were
assessed using the log-rank test with a confidence level of 0.05.

and 56% in the SOC, respectively (Table 2). KM curves showed
no significant differences in survival to 28 days between SOC
and CP-treated patients (Figure 1B, Log-rank p = 0.3). When
analyzing 1-time and 2-times CP infusions separately, the KM
curves also suggested no significant benefit of either treatment
strategy on clinical improvement or survival (Figures 2A,B, Log-
rank p = 0.34 and p = 13, respectively).

The 14-day evolution of intubated and non-intubated patients
from both groups is demonstrated in Figure 3. Twenty six out of
63 (41%) patients that were intubated at admission died within 14
days in the SOC group, as compared to 10 out of 34 (29%) in the
CP group. Among those not requiring early invasive ventilation,
3 out of 9 in the SOC group were intubated in the first 2 weeks of
ICU, while none required MV in the CP group.

Additionally, we built two multivariable (MV) models
with the primary outcomes above, using inverse-probability
propensity score weighting, and adjusting for age, mechanical
ventilation, SOFA score, SAPS 3, frailty and time from symptom
onset to ICU admission. In MV analyses, CP was not
independently associated with clinical improvement [adjusted
Hazard Ratio (aHR) 0.91 (0.49-1.69)] or 28-day mortality [aHR
0.90 (0.52-1.57)].

Sequential Analyses of Biomarkers

Temporal changes of biomarkers demonstrated a significant
reduction of C-reactive protein (CRP) on day 7 in the CP
group [mean (SE) CPR in CP 152.2 (22.5) mg/dL vs. Control
2425 (26.4) mg/dL, p = 0.03] and a significant increase
in the lymphocyte count, also on day 7 [mean (SE) delta
lymphocyte difference of +418.1 (167.1) in CP vs. +99.7 (123.3)
in Controls, p = 0.04], as compared to PS-matched patients
in the SOC group (Figures 4A,B). There were no significant
changes in pulmonary oxygen exchange, as measured by the
PaO2/FiO2 ratio or multiorgan dysfunction, as measured by
changes in the SOFA score (Figures4C,D). Moreover, the
plasma cytokine IP-10 showed progressive reductions in the first
week after CP, while IL-6 remained unchanged from baseline
(Supplementary eFigure 2).

TABLE 2 | Outcomes.

Outcomes All patients (N = 113) Convalescent Standard of care p-value (CP vs.
plasma (N = 41) N=T72) standard)

Hospital length of stay (at 28 days) 16 (6-28) 17 (7-28) 14 (4-26) 0.16
Ventilator free days (at 28 days) 0 (0-6) 0(0-8) 0(0-9) 0.24
Clinical improvement 42 (37%) 19 (46%) 23 (32%) 0.13
Mortality at 7 days 28 (25%) 7 (17%) 21 (29%) 0.15
Mortality at 21 days 54 (48%) 17 (42%) 37 (51%) 0.3
Mortality at 28 days 60 (53%) 20 (49%) 40 (56%) 0.5
Outcomes in subgroup with moderate to severe ARDS (N=78) (N = 34) (N = 44)

Hospital length of stay (at 28 days) 17 (6-28) 20 (10-28) 14 (4-27) 0.05
Clinical improvement 22 (28%) 12 (35%) 10 (23%) 0.2
Mortality at 7 days 25 (32%) 7 (21%) 18 (41%) 0.06
Mortality at 21 days 45 (57%) 17 (50%) 28 (64%) 0.2
Mortality at 28 days 49 (63%) 20 (59%) 29 (66%) 0.5
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FIGURE 2 | Univariable survival curves (Kaplan—Meier) of 28-day outcomes:
Probability of clinical improvement (A) and survival (B) in Standard of Care
(SOC), 1 infusion of Convalescent Plasma (CP) and 2 infusions of CP groups.
Differences among curves were assessed using the log-rank test with a
confidence level of 0.05.

Quantitative viral loads were assessed in respiratory secretions
of patients treated with CP. The rates of negative SARS-CoV-
2 viral PCR among those treated with one infusion of CP
was 14 and 21% after 3 and 7 days, respectively. Patients that
received two infusions had their viral load assessed up to 14
days. In this group, all had detectable virus on days 3, 7, and
10. At 14 days after infusion, the rate of negative PCR was 46%
(Supplementary eFigure 3).

Convalescent Plasma Safety
We did not identify any adverse effects imputable to CP
transfusion in the 59 transfused doses.

DISCUSSION

In this observational study of critically ill patients with COVID-
19, we found no significant differences in the time to clinical
improvement or survival to 28 days between patients treated with
convalescent plasma therapy and those who received standard
of care treatment. We further observed anti-inflammatory and

100 3 24
90- —»3
=
g 80 Discharged
s % 70+ > 6 02
© % 60 32 6
22 MV
% 8 50
zg 404 B Dead
S
E 30
E 20 3
10 .
0- T T
Plasma Control Plasma Control
Intubated Non intubated
N=97 N=16

Respiratory support on admission

FIGURE 3 | Clinical status and respiratory support on day 14 after admission,
according to admission status. Columns represent patients in the
Convalescent Plasma and Standard of Care groups, separated by their
intubated and non-intubated status at admission to the ICU. Colors represent
percentages and numbers within colors represent the N of patients in each
subgroup.

lymphocyte-recovery effects in patients treated with CP, as
compared to matched controls.

Subgroup analyses of a previous clinical trial and results of an
observational study suggested clinical benefit of CP in patients
with severe COVID-19, but not in those mechanically ventilated
(i.e., life-threatening disease) (10, 20). This was not confirmed by
a more recent publication, where patients with pneumonia and
hypoxemia were randomized to receive CP or placebo, which
showed no clinical improvement or reduced mortality in the
treated group, as compared to controls (21). In our study, we
observed that invasive ventilation was avoided in all patients in
the CP group without moderate-to-severe ARDS in our cohort
(N =7) and they survived to 28 days. In comparison, in the SOC
group, 11 out of 28 without moderate-to-severe ARDS (39%)
died within 28 days. Challenging this hypothesis that earlier
administration of CP (before advanced pulmonary dysfunction)
would more likely improve outcomes, an open label randomized
trial including patients with early moderate disease showed no
difference in the composite outcome of progression of pulmonary
injury or death (15). However, 86% of CP-treated patients in the
trial had measurable neutralizing antibodies. Combined, these
findings suggest that more data is needed on patients with early
disease and absent antibody response to define the efficacy of CP
for COVID-19.

Our findings demonstrated that CRP levels were significantly
reduced and lymphocyte counts increased 7 days after CP
administration, as compared to matched controls. Inflammatory
cytokine IP-10 also reduced progressively in CP-treated patients.
Multiple organ dysfunction, as measured by the SOFA score, and
pulmonary gas exchange, as measured by the PaO2/FiO2 ratio,
were not different between groups. CRP, IP-10 and lymphocyte
count have been associated with severity of clinical presentation
and temporal changes of these biomarkers have been reported
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in patients with clinical improvement and better outcomes (22—
26). Previous case series of patients that received CP showed
reduced CRP levels and SOFA scores, as well as improved
Pa02/FiO2 ratios, but no comparisons with untreated patients
were available to discriminate the effect of the treatment from the
natural history of the disease. The positive physiological effects
of CP, even in IgG positive patients, could be due to neutralizing
antibodies in donated plasma, although we did not measure it in
our study.

In contrast to published case series and a randomized
trial, that showed undetectable viral PCR early after CP in
more than 80% of treated patients (10, 13), only 21% of
our patients showed viral clearance in respiratory secretions
after only one infusion of CP. Among those that received 2
CP doses, 46% had negative PCR as late as 14 days after
infusion. These differences may seem promising for higher
doses of CP, but the fact that we did not measure sequential
PCR in the SOC group limits the interpretation of these
findings. In comparison to previous studies, CP-related factors
were similar, including plasma volume administered and anti-
S antibody concentrations (10, 13). One potential explanation
for the smaller rate of viral clearance in our patients is that

they were treated earlier in the course of the disease. Median
time from symptom-onset to CP was 13 (IQR 9-17) days in
this study vs. 30 and 45 days in previous reports (10, 13).
Based on previous work, virus persistence has been linked to
severe disease and poor outcome (2). In addition, promising
therapies for COVID-19 showed faster decline in viral load in
treated vs. control groups (10, 27) or progressive reductions in
uncontrolled studies (7-9). Thus, the inability of CP therapy
to promote viral clearance may reflect the severity of our
study population, which may have limited any potential benefit
of CP.

Although plasma transfusion can lead to adverse events,
we did not observe either mild or serious transfusion-related
complications in our cohort, despite active surveillance. This is in
line with a recently published large cohort of COVID-19 patients
receiving CP, where serious adverse events were found in <1% of
recipients (28).

This study has limitations. First, its non-randomized design
and small sample size limited definite conclusions on the
clinical benefit of CP. Second, the majority of CP-treated
patients had high baseline anti-S antibody concentrations.
Although there is controversy in this topic, this may have
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limited the main benefit associated with CP therapy, namely the
improvement in immunological response (11). Third, standard
of care support has evolved along the COVID-19 pandemic.
Our cohort, treated between March and May, 2020, did
not receive protocolized steroid treatment, which is currently
considered the evidence-based for patients with COVID-19
and hypoxemia, pneumonia or ARDS. Finally, patients in
the standard of care group did not undergo sequential viral
load assessments, which precluded a comparative analysis of
viral clearance.

CONCLUSIONS

In summary, convalescent plasma therapy showed a non-
significant reduction in short-term mortality, but was not
associated with clinical improvement or survival at 28 days.
These results may be explained by our small sample size, the
inclusion of patients with life-threatening disease, and elevated
baseline IgG titers. These findings may guide future trials
to identify patients with early disease and without antibody
response that may benefit from CP therapy.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Brazilian Registry of Clinical Trials (ReBEC)
with the identification RBR-4vm3yy. The patients/participants
provided their written informed consent to participate in
this study.

REFERENCES

1. WHO. Coronavirus disease 2019. (COVID-19): Weekly Epidemiological

Update. (2020). https://www.who.int/emergencies/diseases/
novel-coronavirus-2019/situation- reports (accessed October
12, 2020).

2. Gupta S, Hayek SS, Wang W, Chan L, Mathews KS, Melamed
ML, et al. Factors associated with death in critically Il patients
with coronavirus disease 2019 in the US. JAMA Intern Med. (2020)
180:1436-46. doi: 10.1001/jamainternmed.2020.3596

3. Grasselli G, Greco M, Zanella A, Albano G, Antonelli M, Bellani G, et al.
Risk factors associated with mortality among patients with COVID-19 in
intensive care units in Lombardy, Italy. JAMA Intern Med. (2020) 180:1345-
55. doi: 10.1001/jamainternmed.2020.3539

4. Docherty AB, Harrison EM, Green CA, Hardwick HE, Pius R, Norman L,
et al. Features of 20 133 UK patients in hospital with covid-19 using the
ISARIC WHO clinical characterisation protocol: prospective observational
cohort study. BMJ. (2020) 369:m1985. doi: 10.1136/bmj.m1985

5. Group RC, Horby P, Lim WS, Emberson JR, Matham M, Bell JL, et al.
Dexamethasone in hospitalized patients with Covid-19 - preliminary report.
N Engl ] Med. (2020). doi: 10.1056/NEJMo0a2021436. [Epub ahead of print].

6. Tomazini BM, Maia IS, Cavalcanti AB, Berwanger O, Rosa RG, Veiga
VC, et al. Effect of dexamethasone on days alive and ventilator-free in
patients with moderate or severe acute respiratory distress syndrome and

AUTHOR CONTRIBUTIONS

PK, CR, MG, NG, FE, RT, BG, AG, RL, CA, VC, MAP, NV, CG,
FM, and P] worked directly with patient and lab analysis. MP, SM,
ML, SC, AO, AR, JL, and ON worked with many steps of plasma
donation. AV, LH, and FLM worked with anti-S IgG titration
and PRNT. LC worked in the S protein expression. FB and PB
worked in the cytokines measurement. PK, CR, MG, FB, LB, OF,
AT, PE, and LA participated in this work design, discussion of
results, and manuscript preparation. All authors contributed to
the article and approved the submitted version.

FUNDING

This work was supported by grants from Fundagdo de Amparo
a Pesquisa do Estado do Rio de Janeiro (FAPER]), Conselho
Nacional de Desenvolvimento Cientifico e Tecnologico (CNPq),
Secretdria de Estado de Saude do Rio de Janeiro, Funda¢io Saude
do Estado do Rio de Janeiro and Instituto Serrapilheira.

ACKNOWLEDGMENTS

The authors gratefully acknowledge B. S. Graham and K. S.
Corbett (Vaccine Research Center, NIAID/NIH) for the plasmid
encoding the sequence of the SARS-COV-2 spike protein. The
authors thank the multiuser facility on multiplex analysis from
the Programa de Desenvolvimento Tecnoldgico em Insumos
para Satide and Edson F. Assis for technical assistance.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fmed.
2021.630982/full#supplementary-material

COVID-19: the codex randomized clinical trial. JAMA. (2020) 324:1330-
41. doi: 10.1001/jama.2020.17021

7. Zhang B, Liu S, Tan T, Huang W, Dong Y, Chen L, et al. Treatment with
convalescent plasma for critically Ill patients with SARS-CoV-2 infection.
Chest. (2020) 158:e9-e13. doi: 10.1016/j.chest.2020.03.039

8. Shen C, Wang Z, Zhao F, Yang Y, Li J, Yuan J, et al. Treatment of 5
critically ill patients with COVID-19 with convalescent plasma. JAMA. (2020)
323:1582-9. doi: 10.1001/jama.2020.4783

9. DuanK, Liu B, Li C, Zhang H, Yu T, Qu J, et al. Effectiveness of convalescent
plasma therapy in severe COVID-19 patients. Proc Natl Acad Sci USA. (2020)
117:9490-6. doi: 10.1073/pnas.2007408117

10. Zeng QL, Yu ZJ, Gou JJ, Li GM, Ma SH, Zhang GF, et al. Effect of convalescent
plasma therapy on viral shedding and survival in patients with coronavirus
disease 2019. J Infect Dis. (2020) 222:38-43. doi: 10.1093/infdis/jiaa228

11. Gharbharan A, Jordans CCE, GeurtsvanKessel C, den Hollander JG, Karim
E, Mollema FPN, et al. Convalescent plasma for COVID-19. A randomized
clinical trial. medRxiv. (2020). doi: 10.1101/2020.07.01.20139857

12. Hegerova L, Gooley T, Sweerus KA, Maree CL, Bailey N, Bailey M, et al. Use
of convalescent plasma in hospitalized patients with Covid-19 - case series.
Blood. (2020) 136:759-62. doi: 10.1182/blood.2020006964

13. Xia X, Li K, Wu L, Wang Z, Zhu M, Huang B, et al. Improved
clinical symptoms and mortality on severe/critical COVID-19
patients utilizing convalescent plasma transfusion. Blood. (2020)
136:755-9. doi: 10.1182/blood.2020007079

Frontiers in Medicine | www.frontiersin.org

January 2021 | Volume 8 | Article 630982


https://www.frontiersin.org/articles/10.3389/fmed.2021.630982/full#supplementary-material
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports
https://doi.org/10.1001/jamainternmed.2020.3596
https://doi.org/10.1001/jamainternmed.2020.3539
https://doi.org/10.1136/bmj.m1985
https://doi.org/10.1056/NEJMoa2021436
https://doi.org/10.1001/jama.2020.17021
https://doi.org/10.1016/j.chest.2020.03.039
https://doi.org/10.1001/jama.2020.4783
https://doi.org/10.1073/pnas.2007408117
https://doi.org/10.1093/infdis/jiaa228
https://doi.org/10.1101/2020.07.01.20139857
https://doi.org/10.1182/blood.2020006964
https://doi.org/10.1182/blood.2020007079
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Kurtz et al.

Convalescent Plasma in Critical COVID-19

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Li L, Zhang W, Hu Y, Tong X, Zheng S, Yang J, et al. Effect of convalescent
plasma therapy on time to clinical improvement in patients with severe
and life-threatening COVID-19: a randomized clinical trial. JAMA. (2020)
324:460-70. doi: 10.1001/jama.2020.10044

Agarwal A, Mukherjee A, Kumar G, Chatterjee P, Bhatnagar T, Malhotra P,
et al. Convalescent plasma in the management of moderate covid-19 in adults
in India: open label phase IT multicentre randomised controlled trial (PLACID
Trial). BMJ. (2020) 371:m3939. doi: 10.1136/bm;j.m3939

Valk SJ, Piechotta V, Chai KL, Doree C, Monsef I, Wood EM, et al.
Convalescent plasma or hyperimmune immunoglobulin for people
with COVID-19: a rapid review. Cochrane Database Syst Rev. (2020)
5:CD013600. doi: 10.1002/14651858.CD013600

Characterisation WHOWGotC, Management of C-i. A minimal common
outcome measure set for COVID-19 clinical research. Lancet Infect Dis. (2020)
20:e192-7. doi: 10.1016/S1473-3099(20)30483-7

Moreno RP, Metnitz PG, Almeida E, Jordan B, Bauer P, Campos RA,
et al. SAPS 3-From evaluation of the patient to evaluation of the
intensive care unit. Part 2: Development of a prognostic model for
hospital mortality at ICU admission. Intensive Care Med. (2005) 31:1345-
55. doi: 10.1007/s00134-005-2763-5

Vincent JL, Moreno R, Takala J, Willatts S, De Mendonca A, Bruining H,
et al. The SOFA (Sepsis-related Organ Failure Assessment) score to describe
organ dysfunction/failure. On behalf of the working group on sepsis-related
problems of the European Society of Intensive Care Medicine. Intensive Care
Med. (1996) 22:707-10. doi: 10.1007/BF01709751

Liu STH, Lin H-M, Baine I, Wajnberg A, Gumprecht JP, Rahman FE et al.
Convalescent plasma treatment of severe COVID-19: a matched control study.
medRxiv. (2020) doi: 10.1101/2020.05.20.20102236

Simonovich VA, Burgos Pratx LD, Scibona P, Beruto MV, Vallone MG,
Vazquez C, et al. A randomized trial of convalescent plasma in Covid-19
severe pneumonia. N Engl ] Med. (2020). doi: 10.1056/NEJMo0a2031304.
[Epub ahead of print].

Luo X, Zhou W, Yan X, Guo T, Wang B, Xia H, et al. Prognostic value of C-
reactive protein in patients with COVID-19. Clin Infect Dis. (2020) 71:2174-9.
doi: 10.1101/2020.03.21.20040360

Wang F, Nie ], Wang H, Zhao Q, Xiong Y, Deng L, et al. Characteristics of
peripheral lymphocyte subset alteration in COVID-19 pneumonia. J Infect
Dis. (2020) 221:1762-9. doi: 10.1093/infdis/jiaal50

24. Zhou E Yu T, Du R, Fan G, Liu Y, Liu Z, et al Clinical
course and risk factors for mortality of adult inpatients with
COVID-19 in  Wuhan, China: a retrospective cohort study.
Lancet. (2020) 395:1054-62. doi: 10.1016/S0140-6736(20)
30566-3

25. Yang Y, Shen C, Li J, Yuan ], Wei J, Huang F et al. Plasma IP-10 and
MCP-3 levels are highly associated with disease severity and predict the
progression of COVID-19. J Allergy Clin Immunol. (2020) 146:119-27
e4. doi: 10.1016/j.jaci.2020.04.027

26. Chi Y, Ge Y, Wu B, Zhang W, Wu T, Wen T, et al. Serum
cytokine and chemokine profile in relation to the severity of
coronavirus disease 2019 (COVID-19) in China. | Infect Dis. (2020)
222:746-54. doi: 10.1093/infdis/jiaa363

27. Hung IF, Lung KC, Tso EY, Liu R, Chung TW, Chu MY, et al
Triple combination of interferon beta-1b, lopinavir-ritonavir, and ribavirin
in the treatment of patients admitted to hospital with COVID-19:
an open-label, randomised, phase 2 trial. Lancet. (2020) 395:1695-
704. doi: 10.1016/S0140-6736(20)31042-4

28. Joyner MJ, Wright RS, Fairweather D, Senefeld JW, Bruno KA, Klassen
SA, et al. Early safety indicators of COVID-19 convalescent plasma
in 5,000 patients. J Clin Invest. (2020) 130:4791-7. doi: 10.1172/JCI1
40200

Conlflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Kurtz, Righy, Gadelha, Bozza, Bozza, Gongalves, Bastos, Vale,
Higa, Castilho, Monteiro, Charris, Fialho, Turon, Guterres, Lyra Miranda, de
Azeredo Lima, de Caro, Prazeres, Ventura, Gaspari, Miranda, Jose da Mata,
Pécego, Mateos, Lopes, Castilho, Oliveira, Boquimpani, Rabello, Lopes, Neto,
Ferreira, Tanuri, Filho and Amorim. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The
use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Medicine | www.frontiersin.org

January 2021 | Volume 8 | Article 630982


https://doi.org/10.1001/jama.2020.10044
https://doi.org/10.1136/bmj.m3939
https://doi.org/10.1002/14651858.CD013600
https://doi.org/10.1016/S1473-3099(20)30483-7
https://doi.org/10.1007/s00134-005-2763-5
https://doi.org/10.1007/BF01709751
https://doi.org/10.1101/2020.05.20.20102236
https://doi.org/10.1056/NEJMoa2031304
https://doi.org/10.1101/2020.03.21.20040360
https://doi.org/10.1093/infdis/jiaa150
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.1016/j.jaci.2020.04.027
https://doi.org/10.1093/infdis/jiaa363
https://doi.org/10.1016/S0140-6736(20)31042-4
https://doi.org/10.1172/JCI140200
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

	Effect of Convalescent Plasma in Critically Ill Patients With COVID-19: An Observational Study
	Background
	Methods
	Study Design and Patients
	Procedures and Data Collection
	Convalescent Plasma Safety
	Molecular, Immunological and Cytokine Assessments
	Outcomes

	Statistical Analysis
	Results
	Characteristics and Organ Dysfunction at Admission
	Clinical Improvement and Survival at 28 Days
	Sequential Analyses of Biomarkers
	Convalescent Plasma Safety

	Discussion
	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


