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Abstract

Introduction: COVID-19, caused by severe acute respiratory syndrome coro-

navirus 2 (SARS-CoV-2), is a public health crisis. Prior studies demonstrated

successful use of convalescent plasma therapy for treatment of other viral ill-

nesses. Our primary objective was to evaluate treatment efficacy of convales-

cent plasma in patients with COVID-19.

Materials and Methods: In this retrospective matched cohort study, we

enrolled recipients of convalescent plasma collected from donors recovered

from laboratory-confirmed SARS-CoV-2 infection under the single patient

eIND process. We individually matched 35 cases with 61 controls based on

age, gender, supplemental oxygen requirements, and C-reactive protein level

at the time of hospital admission. We compared the outcomes of in-hospital

mortality and hospital length of stay between the groups.

Results: In-hospital mortality was 20% among the cases and 24.6% among the

controls (P = .61). A multivariable logistic regression model that included age, gen-

der, duration of symptoms, need for mechanical ventilation, and pharmacologic

interventions revealed no significant difference in mortality by study group

(P = .71). The median length of stay was significantly greater among convalescent

plasma recipients compared with controls, 10 (IQR, 6-17) vs 7 (IQR, 4-11) days,

P < .01. The difference was not significant after controlling for covariates (P > .1).

Conclusions: We did not find convalescent plasma reduced in-hospital mor-

tality in our sample, nor did it reduce length of stay. Further investigation is

warranted to determine the efficacy of this treatment in patients with COVID-

19, particularly early in the disease process.
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1 | INTRODUCTION

The coronavirus disease 2019 (COVID-19), caused by
severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), is the greatest global public health crisis
since the influenza outbreak in 1918. It likely ranks as

the third leading cause of death in the United States in
2020.1 While public health measures are in place to pre-
vent the transmission of the disease, clinicians and inves-
tigators are working diligently to find an effective
treatment. Current evidence suggests dexamethasone,
remdesivir, tocilizumab, and therapeutic anticoagulation
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are associated with improved clinical outcomes.2-5 Hydro-
xychloroquine and lopinavir/ritonavir have been shown
to have no benefit in patients hospitalized with COVID-
19.6,7 Additionally, trials are underway to evaluate conva-
lescent plasma for treatment of COVID-19.8

Convalescent plasma is collected via apheresis from
individuals who have recovered from COVID- 19.9 The
anticipated mechanism of action relies on the antibodies
that might suppress viremia by viral neutralization (neu-
tralizing antibodies).10,11 In COVID-19, inflammatory
reactions may perpetuate organ damage due to hyper-
immune response leading to systemic hyper-inflammation
or “cytokine storm”.12,13 In addition to neutralizing anti-
bodies, convalescent plasma contains anti-inflammatory
cytokines, host defense peptides (defensins), natural anti-
bodies, and a class of pattern recognition receptors named
pentraxins, which are postulated to have an immunomod-
ulatory effect by making the severe inflammatory response
more tolerable.14,15 At the same time, administering
pathogen-specific antibodies and pro-inflammatory cyto-
kines contained in convalescent plasma carries a risk of
aggravating the hyper-immune response.16

The use of this inexpensive and widely available treat-
ment dates back almost 100 years, with some evidence of
benefit against rabies, hepatitis B, polio, measles, influ-
enza, Ebola, and other pathogens.16 Data from the prior
outbreaks of infections caused by a coronavirus, Middle
East Respiratory Syndrome (MERS) and Severe Acute
Respiratory Syndrome (SARS), documented safety and
faster viral clearance with use of convalescent plasma,
particularly when given early in the disease course.17-19

In the spring of 2020, the U.S. Food and Drug Adminis-
tration (FDA) established the single patient emergency
investigational new drug (eIND) process and worked with
multiple federal partners and academia to open an
expanded access protocol to facilitate access to convalescent
plasma treatment for patients with COVID-19 disease.20 In
August of 2020, the FDA issued an emergency use authori-
zation for convalescent plasma as a potentially promising
COVID-19 treatment, acknowledging the need for further
investigation to establish its safety and efficacy.9,21

The primary objective of this study was to explore the
efficacy of convalescent plasma as a treatment for
COVID-19 among hospitalized patients. We hypothesized
that treatment with convalescent plasma may reduce in-
hospital mortality and hospital length of stay in patients
who were diagnosed with COVID-19.

2 | MATERIALS AND METHODS

We conducted a matched retrospective cohort study at
five Nuvance Health Hospitals. The protocol was

reviewed by the Biomedical Research Alliance of
New York (BRANY) and the Vassar Brothers Medical
Center Institutional Review Board. Patients received con-
valescent plasma therapy for laboratory-confirmed
COVID-19 under the criteria established by the Food and
Drug Administration (FDA) for the single patient eIND
process.9 Patients or their representatives provided writ-
ten consent for the treatment.

2.1 | Convalescent plasma collection

Convalescent plasma was collected at New York Blood
Center and American Red Cross (Albany, NY) via aphe-
resis, utilizing the Trima Accel automated blood collec-
tion system (Terumo Blood and Cell Technologies,
Lakewood, Colorado). Plasma (250-750 mL) was collected
from each donor and split into separate units, approxi-
mately 200-250 mL each. Donors had a documented his-
tory of laboratory-confirmed SARS-CoV-2 infection. They
had been asymptomatic for at least 14 days and tested
negative for SARS-CoV-2 by the RT-PCR test prior to the
donation. All donors were negative for human immuno-
deficiency virus, hepatitis B virus, hepatitis C virus, Zika
virus, West Nile virus, human T-lymphotropic virus I/II,
Chagas disease, syphilis, and anti-human leukocyte anti-
gen antibodies, as per the FDA regulations for blood and
blood components.22 We could not determine donor anti-
SARS-CoV-2 antibody levels as samples from each conva-
lescent plasma unit were not saved.

2.2 | Case selection

We enrolled patients in the study if they were at least
18 years of age and received convalescent plasma therapy
under the eIND criteria.23 Patients were eligible to
receive a COVID-19 convalescent plasma if they had lab-
oratory confirmed, severe or immediately life-threatening
COVID-19, within 21 days after symptom onset. Severe
disease was defined as dyspnea, respiratory
frequency ≥ 30/min, blood oxygen saturation ≤ 93%, par-
tial pressure of arterial oxygen to fraction of inspired oxy-
gen ratio < 300, and/or lung infiltrates >50% within 24 to
48 hours. Life threatening disease was defined as respira-
tory failure, septic shock, and/or multiple organ dysfunc-
tion or failure. Patients enrolled in drug trials that
precluded use of other investigational treatment, recipi-
ents of pooled immunoglobulin in past 30 days, female
subjects who were pregnant or breastfeeding, and
patients with contraindications to transfusion or history
of transfusion reactions were excluded from consider-
ation for convalescent plasma therapy under the eIND.
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The same eligibility criteria were applied at all study
sites. We excluded those convalescent plasma recipients
who presented to the hospital on the date before the con-
valescent plasma therapy was introduced at our network,
with the treatment becoming available later in the hospi-
tal course. The cases presented to the hospital between
April 10, 2020 and May 5, 2020. Laboratory testing for
SARS-CoV-2 infection is described in Appendix 1.

2.3 | Convalescent plasma transfusion

The patients received 1 to 2 units (based on the body
mass index) of ABO-matched convalescent plasma. The
second unit was administered either on the same day or
the day following transfusion of the first unit. Each unit,
measured approximately 200 to 250 mL in volume, was
infused over one to two hours. During the infusion, the
patients were closely observed. Vital signs were obtained
in 15 minutes after initiation of transfusion and then
hourly for the duration of procedure, followed by close
monitoring for transfusion reactions for 24 hours.

2.4 | Matching

We selected controls from the Nuvance Health registry of
patients hospitalized for treatment of laboratory-
confirmed COVID-19. We performed propensity score
matching using SAS software. Estimated propensity
scores were based on age (< 65 years or ≥ 65 years), gen-
der, admission C-reactive protein (CRP) value, and oxy-
gen requirement at admission. Random 1:2 matching
was then performed using the estimated propensity
scores. Due to a limited number of potential controls,
nine cases were matched to one control; the rest (26 cases)
were matched to two controls. Age and gender were cho-
sen as matching criteria as older age and male sex have
been linked to higher odds of in-hospital death.24,25 We
defined disease severity by supplemental oxygen require-
ments and CRP value at the time of hospital admission,
as admission CRP has been shown to have a good prog-
nostic value in patients with COVID-19.26 Five categories
of oxygen requirement status were used for matching:
Room air, low-flow oxygen supplementation (1-5 L/min),
high-flow oxygen supplementation (6-15 L/min), Opti-
flow high flow oxygen supplementation (>15 L/min),
and mechanical ventilation. We also categorized CRP
value according to the following groups: 0-9.99, 10-49.99,
50-199.99, and > 200 mg/L. The selected controls pres-
ented to the hospital between March 12, 2020 and April
25, 2020.

2.5 | Measures

The primary outcome was in-hospital mortality defined
as death prior to discharge from the hospital. The second-
ary outcome of hospital length of stay (LOS) defined as
the total number of inpatient days in the hospital. We
included numerous patient and treatment level variables
as potential confounders. We included age as a dichoto-
mous variable (<65 years or ≥ 65 years), as well as gen-
der and intubation. We also included the use of any
systemic steroids, including dexamethasone, hydrocorti-
sone, and methylprednisolone. We included use of an
IL-6 inhibitor (tocilizumab) and therapeutic dose anti-
coagulation. Therapeutic dose anticoagulation was
defined as continuous intravenous infusion of heparin or
subcutaneous administration of enoxaparin in the dose of
greater than 40 mg/24 hours. We included patient-
reported duration of symptoms as a continuous variable.
Lastly, we characterized subjects according to co-
morbidities and laboratory parameters that have been
linked to prognosis in patients with COVID-19.24,27-30 In
addition, we determined time between symptom onset
and convalescent plasma transfusion, characterized labo-
ratory parameters at the time of transfusion, as compared
to the admission parameters, and evaluated supplemental
oxygen requirements for 7 days.

2.6 | Statistical analysis

We computed descriptive statistics and compared all vari-
ables across study groups with chi-square analyses for
categorical variables and t-tests/Wilcoxon rank-sum tests,
as appropriate, for continuous variables. Similar analyses
were performed to compare potential covariates by out-
comes. Multivariable logistic analysis assessed the risk
differences in mortality between groups while adjusting
for covariates. Potential covariates were age, gender,
racial/ethnic group, hospital of admission, duration of
symptoms, comorbidities, intubation, and pharmacologic
interventions. Final covariates included age group,
racial/ethnic group and gender, as well as those that
showed a significant or near significant (P ≤ .2) relation-
ship in the univariate analyses. In post hoc analysis, we
used a similar logistic regression model to examine the
subgroup of patients never intubated during their hospi-
talization. We used Poisson regression models to examine
the relationship between study group and LOS (second-
ary outcome). All covariates, as well as mortality, were
included in this model.

We performed 2-tailed hypothesis testing and defined
statistical significance a priori at P < .05. All analyses
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were performed using SAS statistical software (SAS Insti-
tute, Cary, NC), version 9.4.

3 | RESULTS

3.1 | Convalescent plasma recipients

Thirty-five patients met the inclusion/exclusion criteria
and were included in the study. The median age of the
convalescent plasma recipients was 59.8 years (Table 1).
The sex ratio was approximately 1:1. Most patients were
Caucasian, followed by the Hispanic/Latino racial/ethnic
group. Almost one half of the patients were obese. The

most common co-morbidities were hypertension and dia-
betes. The median (IQR) time between symptom onset
and convalescent plasma transfusion was 10 (7–13) days.
The patients received transfusion approximately 3 (IQR
2-5) days after admission to the hospital. At the time of
the procedure, the median (IQR) CRP level was 23.9
(17.4-114.1) mg/L and troponin T was 0.03 (0-0.03)
ng/mL; neutrophil-lymphocyte ratio was 7.3 (4.7-11.9).
These values were not statistically different compared to
the hospital admission values. Forty-four percent of
patients had D-dimer >2000 ng/mL, a significant
increase from the 26.5% at admission (P < .01). None of
the patients experienced a transfusion reaction. Only 31%
of patients experienced a decrease in supplemental

TABLE 1 Patient characteristics

Characteristic Cases (n = 35) Controls (n = 61) P

Age – years, median (IQR) 59.8 (55.5-68.3) 59.7 (48.0-78.7) .68

Age Group - n (%)
< 65 years old
≥ 65 years old

23 (65.7)
12 (34.3)

38 (62.3)
23 (37.7)

.74

Gender - n (%)
Female
Male

17 (49)
18 (51)

30 (49)
31 (51)

.95

Racial/ethnic group - n (%)
African-American
Asian
Caucasian
Hispanic/Latino
other
unknown

6 (17)
1 (3)
16 (46)
11 (31)
0
1 (3)

11 (18)
1 (2)
25 (41)
17 (28)
0
7 (11)

.67

Body-mass index >30 kg/m2 - n (%)
Comorbidities – n (%)
Chronic obstructive pulmonary disease
Coronary artery disease
Congestive heart failure
Current smoker
Diabetes mellitus
End-stage renal disease
Hypertension

17 (48.6)
1 (3)
3 (9)
0
1 (2.9)
13 (37)
0
16 (46)

24 (40.0)
8 (13)
5 (8)
9 (15)
2 (3.3)
17 (28)
2 (3)
32 (52)

.42

.15

.68

.02

.91

.35

.53

.52

Duration of symptoms prior to admission – days, median (IQR)
Laboratory parameters
C-reactive protein - mg/L, median (IQR)
D-dimer >2000 ng/mL, n (%)
Neutrophil-lymphocyte ratio, median (IQR)
Troponin T - ng/mL, median (IQR)

7 (5–10)
28.6 (13.7-100.1)
9 (26.5)a

7.2 (4.1-11.4)
0.03 (0-1.1)

5 (2-7)
50.2 (21.6-114.9)
6 (20)a

6.5 (3.6-8.4)
0 (0-0.07)

.02

.16

.54

.12

.23

Oxygen requirement on admission - n (%)
Room air
Low flow (1–5 L/min)
High flow (6-15 L/min)
Optiflow high flow (over 15 L/min)
Mechanical ventilation

6 (17)
17 (49)
8 (23)
0
4 (11)

13 (21)
32 (53)
9 (15)
0
7 (11)

.78

aD-dimer level at admission was available for 34 cases and 30 controls.
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TABLE 2 Comparison of in-hospital mortality and LOS (in days) among convalescent plasma recipients and controls

Expired, n (%) p LOS, median (IQR) P

Study Group

Convalescent Plasma 7 (20.0) 0.61 10 (6–17) <.01

Control 15 (24.6) 7 (4–11)

Age Group

< 65 years old 5 (8.2) <0.01 8 (4–11) .47

≥ 65 years old 17 (48.6) 8 (5-15)

Gender

Female 11 (23.4) 0.91 8 (4–11) .72

Male 11 (22.5 8 (4-13)

Racial/ethnic group

African-American 2 (11.8) 0.14 8 (4-16) .89

Caucasian 14 (34.2) 7 (4–13)

Hispanic/Latino 5 (17.9) 8.5 (5-11)

Other/Unknown 1 (10.0) 7.5 (6–10

Hospital

Danbury Hospital 8 (22.9) 0.95 7 (3-10) .11

Norwalk Hospital 8 (24.2) 9 (6–11)

Vassar Brothers Medical Center 5 (20.0) 10 (6–19)

Putnam and Sharon Hospitals 1 (33.3) 16 (5-17)

Intubation

Yes 8 (42.1) <0.01 14 (11-20) <.01

No 14 (18.2) 6 (4-10)

Systemic steroids

Yes 12 (48.0) 0.03 13 (7-20) .02

No 10 (14.1) 8 (4–11)

Therapeutic anticoagulation

Yes 9 (25.7) 0.62 12 (7-20) <.01

No 13 (21.3) 6 (4–10)

IL-6 Inhibitor

Yes 2 (15.4) 0.49 9 (8–12) .28

No 20 (12.1) 8 (4–11)

Diabetes mellitus

Yes 11 (36.7) 0.03 9.5 (6-20) .03

No 11 (16.7) 7.5 (4–10)

Hypertension

Yes 10 (20.8) 0.63 8.5 (6-14.5) .05

No 12 (25.0) 6.5 (4-10.5)

Congestive heart failure

Yes 2 (22.2) 0.96 7 (3-15) .72

No 20 (23.0) 8 (1-12)
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oxygen requirement by at least one category (as defined in
theMatching section) within seven days after transfusion.

3.2 | Comparison of the cases and
controls

Descriptive analyses demonstrated balanced groups across
variables with a few exceptions (Table 1). There was a higher
proportion of patients in the control group with congestive
heart failure, and a small but statistically significant differ-
ence in the duration of symptoms prior to hospitalization.

3.3 | Hospital course

There was no significant difference in the rate of intuba-
tion or in the peak CRP levels during hospitalization.
Among the patients who were not intubated at admis-
sion, 19% in the case group and 15% in the control group
required intubation during hospitalization (P = .59).
Median (IQR) peak CRP level during hospitalization was
33.2 (21.3-160.3) mg/L among plasma recipients and
112.7 (36.5-218.2) mg/L among the controls (P = .1).
Additionally, a higher proportion of plasma recipients
(17%) compared to the controls (3%) developed a throm-
boembolic event (P = .05).

Lastly, there was a significantly greater proportion of
convalescent plasma recipients exposed to therapeutic
anticoagulation (18 vs 69%, P < .01), systemic steroids (13
vs 31%, P = .03), and IL-6 inhibitor (tocilizumab, 8 vs
23%, P = .04).

3.4 | Mortality

In-hospital mortality was 20% among the cases and 24.6%
among the controls (P = .61). Table 2 shows the

relationships between potential confounders and mortal-
ity. Age 65 and older, diabetes mellitus, intubation, and
systemic steroid therapy were significantly associated
with mortality. The results of the multivariable logistic
regression model are displayed in Table 3. After adjusting
for covariates, there was no significant difference in mor-
tality by study group (P = .71).

In our patient population, age ≥ 65, intubation, and
male gender were significant predictors of mortality in the
multivariate regression analysis (Table 3). Duration of
symptoms prior to admission was not significant (P = .60)
and was dropped from the model. Patients 65 or older were
more than 78 times as likely to die as younger patients.
Patients who were intubated at any time during hospitaliza-
tion were 14.5 times more likely to die than patients who
were not intubated. Males were 5 times more likely to die
than females. African American patients were less likely to
die when compared to Caucasian patients. The differences
between Caucasian and Hispanic/Latino, and Other racial/
ethnic groups were not significant.

Due to the strong relationship between mortality and
intubation, a post hoc logistic regression analysis was run
for the subgroup of patients who were never intubated
(n = 71). There were no deaths among patients younger
than 65 in this subgroup, so age was included as a continu-
ous covariate. No statistically significant association
between study group, gender, or any of the therapies and
in-hospital mortality was noted, while age remained a sig-
nificant predictor of mortality (OR (95% CI): 1.21 (1.04,
1.40), P = .01). A post-hoc power analysis showed that we
had 7% power to detect the difference in mortality this
small (20% vs 24.6%) with 35 cases and 61 controls.

3.5 | Hospital Length of Stay

The median (IQR) LOS was significantly greater among
the convalescent plasma recipients compared to the

TABLE 3 Results of multivariate

regression analysis predicting in-

hospital mortality

Parameter Comparison Estimate (SE) Odds Ratio (95% CI) P

Study Group Case vs Control −0.22 (0.37) 0.65 (0.15, 2.77) .56

Age Group ≥ 65 vs <65 years 2.18 (0.59) 78.18 (7.72, 791.38) <.01

Gender Male vs Female 0.84 (0.44) 5.34 (0.95, 30.03) .06

Race .08

Black vs White −2.27 (1.06) 0.03 (0, 0.44) .03

Hispanic vs White 0.25 (0.69) 0.4 (0.07, 2.42) .72

Other vs White 0.87 (1.06) 0.75 (0.05, 10.47) .41

Intubation Yes vs No 1.34 (0.44) 14.5 (2.61, 80.47) <.01

Systemic steroids Yes vs No 0.82 (0.47) 5.12 (0.81, 32.22) .08

Diabetes mellitus Yes vs No 0.69 (0.4) 3.95 (0.83, 18.85) .08

528 SOSTIN ET AL.



controls, 10 (6-17) vs 7 (4-11) days, P < .01. After control-
ling for age, gender, comorbidities (diabetes mellitus and
hypertension), hospital, intubation, and pharmacologic
interventions (systemic steroids and therapeutic anti-
coagulation), we found there was not a significant differ-
ence in LOS among patients who received convalescent
plasma therapy when compared to those who did not
(P > .1). In contrast, intubation, systemic steroid therapy,
and co-morbidities (diabetes mellitus or hypertension)
were associated with significantly longer LOS (P < .01).

In post hoc analysis, a similar model that excluded
patients who expired in the hospital and those who were
intubated, found that patients who received plasma had
LOS approximately 3 days longer than the controls
(P = .02); the patients aged 65 and up stayed 4 days lon-
ger than those younger than 65 (P < .01).

4 | DISCUSSION

In this matched cohort study of patients hospitalized with
COVID-19, we aimed to explore the efficacy of convales-
cent plasma treatment. We found no statistically signifi-
cant difference in overall in-hospital mortality and LOS
between subjects who received convalescent plasma ther-
apy and the controls, after matching on demographic
characteristics and disease severity at the time of hospital
admission and controlling for covariates. We observed a
4.6% difference in in-hospital mortality between the
groups; however, our study was not powered to detect
such a small difference.

In viral infections, initial innate immune response,
which involves production of interferon and other cyto-
kines, is followed by adaptive cellular and antibody
responses after 6 to 8 days.31 During the second week of
disease, certain patients with COVID-19 develop hyper-
immune response and pneumonia, which may progress
to acute respiratory distress syndrome.12,13,31 Therefore,
timing of convalescent plasma therapy, based on the idea
that administered antibodies may suppress viremia, and
disease severity at the time of transfusion are major fac-
tors to consider when evaluating study results.

In the first randomized clinical trial of convalescent
plasma therapy for COVID-19 from Wuhan (China), Li
et al. reported no effect on time to clinical improvement
or mortality among 103 patients with severe and life-
threatening disease, despite a higher negative conversion
rate of viral PCR at 72 hours among the plasma recipi-
ents. 32 The median (IQR) interval between the onset of
symptoms and randomization was 30 (20–39) days. In
contrast, patients in our study received convalescent
plasma therapy at the median (IQR) time of 10 (7–13)
days after symptom onset. In addition, a smaller

percentage of subjects in our study required artificial ven-
tilation (11% vs 25%) at the time of enrollment. However,
despite earlier timing and lesser disease severity, no effect
on clinical outcomes was observed in our population. A
plausible explanation for the lack of efficacy could be the
presence of autologous antibodies to SARS-CoV-2 at the
time of convalescent plasma administration. In the Con-
COVID trial from the Netherlands, the median (IQR)
time between symptom onset and enrollment was similar
to our cohort, at 10 (6–15) days after symptom onset.33

However, the trial was discontinued early due to con-
cerns for potential lack of benefit of convalescent plasma
as most patients (about 80%) already had high titers of
anti-SARS-CoV-2 total Ig G/Ig M and neutralizing anti-
bodies at the time of hospital admission.

Liu and colleagues reported results of a propensity
score-matched control study of convalescent plasma ther-
apy in 39 patients with severe and life threatening
COVID-19 and found the therapy to be potentially effec-
tive.34 Subgroup analyses suggested significant survival
benefits of convalescent plasma in patients who were not
intubated and those who had a shorter duration of symp-
toms (≤7 days before admission). In our study, duration
of symptoms prior to admission and percentage of sub-
jects requiring intubation were similar to the study by
Liu et al. However, while intubation was a significant
predictor of mortality among our patient population,
there was no benefit of convalescent therapy noted
regardless of intubation status. Our results among non-
intubated patients are consistent with findings of Rogers
et al., who found no significant difference in the risk of
in-hospital mortality in 64 non-intubated convalescent
plasma recipients with severe COVID-19 and matched
controls.35 The median (IQR) time between symptom
onset and convalescent plasma transfusion was shorter
(7 (5–9) days) compared to our patient population. Two
other studies evaluated the effectiveness of convalescent
plasma when administered relatively early, at the median
of 8 days after symptom onset, and found no effect on
clinical status or mortality.36,37 However, they targeted a
different patient population compared to our study,
patients with COVID-19 severe pneumonia and moderate
COVID-19.

A potential benefit of early convalescent plasma treat-
ment was suggested by data from the expanded access
program that was a result of collaboration between the
FDA and Mayo Clinic and included over 35 000
patients.38 The seven-day and 30-day mortality was sig-
nificantly lower in patients transfused within 3 days of
COVID-19 diagnosis compared to transfused 4 or more
days after the diagnosis, with a gradient of mortality seen
in relation to IgG antibody levels in the transfused
plasma. Unfortunately, the study did not include a
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control group, and no data on the time from symptom
onset to the transfusion was available. In a randomized,
placebo-controlled trial by Libster et al, high-titer conva-
lescent plasma administered within 72 hours after the
onset of mild COVID-19 symptoms in older adults
reduced the disease progression.39 The data on convales-
cent plasma use in patients with SARS also suggests that
it is more effective in earlier stage of disease.18,40 Further
research is needed to establish the optimal time frame for
convalescent plasma therapy in COVID-19.

In our study, a significantly greater proportion of con-
valescent plasma recipients were exposed to IL-6 inhibi-
tor, systemic steroids, and therapeutic anticoagulation.
However, we found no signal of difference in disease
severity between the groups. As there was a trend
towards later admission dates among the cases compared
to the controls, the differences in pharmacologic inter-
ventions are likely related to changes in provider prac-
tices guided by evolving evidence on management of
COVID-19. In addition, a period prevalence of thrombo-
embolic events, requiring anticoagulation, was higher
among the cases. However, despite the potential additive
effect of these pharmacologic interventions, in addition
to the convalescent plasma therapy, the overall in-
hospital mortality among the plasma recipients was not
significantly lower compared to the controls, with plasma
recipients staying in the hospital longer than controls,
which argue against a potential therapeutic benefit of
convalescent plasma therapy. Moreover, in the multivari-
able regression analysis that accounted for the potential
effects of the pharmacologic interventions, there was no
signal of a potential benefit of convalescent plasma
treatment.

This study was not designed/powered to evaluate pre-
dictive role of baseline patient characteristics on the prog-
nosis. However, we were able to validate previously
established correlation between increasing age, male gen-
der, diabetes mellitus, and increased risk of dying in
patients hospitalized with COVID-19.

In addition to the limitations discussed above, this
study has other limitations. Although we employed
matching and the patient characteristics were well bal-
anced between the study groups, the conclusions drawn
from the data are less robust compared to a randomized
study design. The modest sample size limited our ability
to perform subgroup analysis. Our study evaluated mor-
tality only during hospitalization associated with the ini-
tial diagnosis of COVID-19. No data on titers of anti-viral
antibodies in the donors was available to evaluate dose-
response relationship. Finally, results of this study should
be interpreted considering the fact that cases presented to
the hospital at a later time period compared to controls.
However, no survival benefit among convalescent plasma

recipients was observed despite the potential advantage
of an evolved understanding of the disease and therapeu-
tic approaches.

While we observed no transfusion reaction in our
study, there are potential risks associated with convales-
cent plasma therapy. Immune-mediated reactions
include allergy/anaphylaxis, transfusion-related acute
lung injury (TRALI), and hemolysis, which are uncom-
mon (<1% of transfusions) but potentially life-threaten-
ing.41-44 While there is evidence that convalescent plasma
therapy may have immunomodulatory effect by blunting
the cytokine response, it also has a potential to aggravate
the disease through antibody-mediated enhancement of
proinflammatory effects, which is a concern given that
“cytokine storm” is the main pathophysiological mecha-
nism responsible for severe and life-threatening COVID-
19.12,16,45 The risk of transfusion-related circulatory over-
load (TACO) with fresh frozen plasma infusion for man-
agement of coagulopathies is typically higher than the
risk of immune-mediated reactions and could be under-
reported.44 However, the risk of TACO with convalescent
plasma treatment is likely lower given that a smaller vol-
ume (1-2 units) of product is infused. With the rigorous
standards for blood products in developed countries, risk
of microbial transmission is extremely low.41

5 | CONCLUSIONS

In this case-control study, we detected no signal of
improved in-hospital mortality or shortened hospital
length of stay associated with convalescent plasma ther-
apy in patients hospitalized for COVID-19. The role of
convalescent plasma therapy administered early in the
disease process should be a major focus of future
exploration.
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APPENDIX 1

Testing for SARS-CoV-2 infection
The Abbott RealTime SARS-CoV-2 and several SARS-
CoV-2 RNA tests were used for laboratory diagnosis of
SARS-CoV-2 infection in the subjects. The Abbott Real-
Time SARS-CoV-2 assay is a Nucleic-acid Amplification
test (NAAT), which allowed qualitative detection of the
viral nucleic acids in nasal swabs; the testing was per-
formed by Nuvance Health laboratories. The various
SARS-CoV-2 RNA tests are real time reverse transcriptase
(RT PCR) assays utilizing qualitative multitarget detec-
tion of the viral RNA in nasopharyngeal swabs. They
were performed by the New York State Wadsworth Cen-
ter, Sunrise Medical Laboratories, and Quest Diagnostics,
using Roche, Panther Hologic, and both Quest and
Wadsworth lab developed tests, all of which received
FDA emergency use authorization. The swabs were
obtained in outpatient, emergency department, or inpa-
tient settings and transported to the laboratories in uni-
versal transport media (for the RT-PCR tests) or paper
swab packages (Abbott RealTime).
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