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Treatment of severe COVID-19 with
convalescent plasma in Bronx, NYC
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Convalescent plasma with severe acute respiratory disease coronavirus 2 (SARS-CoV-2) antibodies
(CCP) may hold promise as a treatment for coronavirus disease 2019 (COVID-19). We compared

the mortality and clinical outcome of patients with COVID-19 who received 200 mL of CCP with a
spike protein IgG titer>1:2430 (median 1:47,385) within 72 hours of admission with propensity
score-matched controls cared for at a medical center in the Bronx, between April 13 and May 4,
2020. Matching criteria for controls were age, sex, body mass index, race, ethnicity, comorbidities,
week of admission, oxygen requirement, D-dimer, lymphocyte counts, corticosteroid use, and
anticoagulation use. There was no difference in mortality or oxygenation between CCP recipients
and controls at day 28. When stratified by age, compared with matched controls, CCP recipients less
than 65 years had 4-fold lower risk of mortality and 4-fold lower risk of deterioration in oxygenation
or mortality at day 28. For CCP recipients, pretransfusion spike protein IgG, IgM, and IgA titers were
associated with mortality at day 28 in univariate analyses. No adverse effects of CCP were observed.
Our results suggest CCP may be beneficial for hospitalized patients less than 65 years, but data from
controlled trials are needed to validate this finding and establish the effect of aging on CCP efficacy.

Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) (1), a highly transmissible enveloped pos-
itive-strand RNA virus (2), is the causative agent of the coronavirus disease 2019 (COVID-19) pandemic
(3). The first case was reported in December 2019, and by November 2020 more than 61 million infections
were reported worldwide, with one fifth of the cases and deaths occurring in the United States (4). In April
2020, New York City (NYC), especially the borough of the Bronx, was an early epicenter of the COVID-19
pandemic in the United States (5, 6). Since then, an antiviral that reduced duration of illness (7), remdesivir,
received FDA approval on October 22, 2020, and corticosteroids, which reduced mortality in severely ill
patients in a large randomized clinical trial and prospective meta-analysis (8, 9), have become standard of
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care. As of November 2020, there is no approved therapy for COVID-19 that reduces mortality of hospital-
ized patients with respiratory manifestations of severe or life-threatening disease.

Convalescent plasma (CP) obtained from recovered persons was deployed for previous respiratory pandem-
ics, including 1918 and 2009 influenza and SARS (10-13). Given the lack of established therapies for COVID-19,
CP containing SARS-CoV-2 antibodies (CCP) was proposed as a therapeutic option early in the pandemic (14).
As of November 2020, it has shown a possible benefit in multiple studies. In early case series, CCP-treated
patients exhibited viral clearance and reductions in inflammatory markers (15-19). Observational studies com-
paring CCP-treated patients to retrospective controls showed a reduction in mortality in nonintubated patients
and/or those transfused within 72 hours of hospitalization with high-titer CCP (20-24). Analysis of a subset of
more than 3000 CCP recipients in an open-label study found a dose response whereby nonintubated patients
who received high-titer CCP had lower mortality than those who received low-titer CCP (22). Several random-
ized controlled trials (RCTs) have not shown a benefit of CCP but were limited by premature termination due
to a lack of patients to recruit (25, 26). One trial found CCP had an antiviral effect, but there was no effect on
mortality (27); another found a reduction in mortality, albeit with a very small sample size (28); and another was
terminated due to the presence of neutralizing antibodies in CCP recipients at the time of transfusion, despite
being on track to meet the primary endpoint (29). A recent double-blind, placebo-controlled, multicenter RCT
did not show an effect of CCP on mortality (30). Evidence of safety and possible benefit led the FDA to issue an
emergency use authorization for CCP use in hospitalized patients with COVID-19 on August 23, 2020.

We treated 103 patients at Montefiore Medical Center (MMC), a 1491-bed tertiary medical center in
the Bronx, New York, with serious or life-threatening COVID-19 with CCP between April 13 and May 4,
2020, and conducted a propensity score—matched study. Herein, we report mortality and clinical and labo-
ratory findings of CCP recipients compared with matched controls.

Results

Baseline characteristics of CCP recipients and retrospective controls. One hundred three (n = 103) patients were
enrolled in the Mayo Clinic expanded access protocol (EAP) (31) and treated with one 200 mL unit of CCP
within 72 hours of hospital admission. Clinical status and mortality on day 28 posttransfusion was compared
to retrospective propensity score—-matched controls identified by querying the electronic medical record (Figure
1). Analysis included 90 CCP recipients and 258 controls after exclusion of 12 patients who did not meet the
eligibility criteria because of mechanical ventilation for more than 24 hours or CCP transfusion more than 72
hours after admission and 1 patient with missing data (Figure 1). Compared with controls, CCP recipients were
younger (median 66 vs. 72 years, P = 0.002), had higher BMI (28 vs. 27 kg/m?, P = 0.05), and had lower rates
of congestive heart failure (18 vs. 29%, P = 0.03) and chronic kidney disease (29 vs. 41%, P = 0.03). At baseline,
a lower proportion of CCP recipients were on low-flow oxygen support (68 vs. 81%, P < 0.0001), and a higher
proportion required mechanical ventilation (20 vs. 6%, P < 0.0001), had lower baseline lymphocyte counts (0.8
vs. 1.0 x 10°/L, P=0.001), and received systemic corticosteroids (93 vs. 63%, P < 0.0001) (Supplemental Table
1; supplemental material available online with this article; https://doi.org/10.1172/jci.insight.142270DS1).
After propensity score matching, 73 CCP recipients and 73 control patients were well balanced for all matching
variables except in a subgroup analysis stratified by age; CCP recipients at least 65 years had lower lymphocyte
counts than controls (median, 0.8 vs. 1.0 x 10°/L) (Table 1 and Supplemental Figure 1).

CCP SARS-CoV-2 spike protein and neutralizing antibody titers. Of the 200 mL units of CCP administered
in this study, 95 of 103 were obtained from 46 persons who donated CCP at MMC in April 2020. SARS-
CoV-2 spike protein IgG endpoint titers were measured in CCP obtained from these donors using the MMC
in-house research full-length spike protein ELISA (32). Median IgG, IgM, and IgA titers were, respectively,
1:47,385 (IQR, 21,870-65,610; n = 46), 1:810 (IQR, 810-2430; n = 43), and 1:90 (IQR, 90-270; n = 43).
Median neutralizing antibody (NAD) titer by pseudovirus neutralization assay was 1:938 (IQR, 407-2784;
n = 42). There was a direct correlation between NAD titer and spike protein IgG (Spearman » = 0.78, P <
0.0001) and IgM (r = 0.58, P < 0.0001) and weak correlation with IgA (» = 0.29, P = 0.05) titers (Supple-
mental Figure 2). For the 8 patients who did not receive MMC donor CCP, 7 received units that tested as
“reactive” by the New York State Department of Health Wadsworth Center’s SARS-CoV-2 Microsphere
Immunoassay for anti-nucleocapsid antibody detection (33), and 1 received CCP with a spike protein IgG
titer of 1:320 measured by the in-house spike protein ELISA at Mount Sinai Hospital (34).

Comparison of clinical outcomes of CCP recipients and controls. There was no difference in mortality between
73 CCP recipients and 73 propensity score—matched controls by day 28 (P = 0.47, Kaplan-Meier log-rank
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| 1,347 Patients with COVID-19 between April 13 to May 4, 2020

Eligibility criteria for CCP using EAP at MMC:
Requires = 5L oxygen support
If intubated, for < 24 hrs at baseline
Admitted < 3 days or symptomatic < 7 days
Patient/LAR able to provide consent

v v
103 Transfused with CCP 1,244 Not transfused
91 Eligibility criteria met Study team not approached for CCP
12 Eligibility criteria not met; transfused Eligibility criteria not met
on a compassionate use basis Enrolled in other clinical trials
Contraindication to transfusion

13 Excluded:
4 Intubated for > 24 hrs at t

986 Excluded:
903 No baseline O2 requirement, < 5L NC oxygen

1 Missing data

8 Transfused > 3 days from admission support, or missing value
47 Intubated for = 24 hours at baseline
36 Missing data
L A
90 CCP recipients before matching 258 Non CCP recipients before matching
1:1 propensity score matching
Age, sex, BMI, race, ethnicity, comorbidities, corticosteroids, anticoagulation,
baseline O2 requirement, D-dimer, lymphocyte counts, week of admission
73 CCP recipients after matching 73 Non CCP recipients after matching

Figure 1. Enroliment of study patients and distribution of study cohorts. Study baseline was defined as time of CCP transfusion for CCP recipients and
admission day 2 for non-CCP recipients. COVID-19, coronavirus disease 2019; CCP, COVID-19 convalescent plasma; EAP, expanded access protocol; LAR,
legally authorized representative; MMC, Montefiore Medical Center; NC, nasal cannula.

test) (Figure 2). To account for the potential interaction between age and CCP treatment (P = 0.11, interac-
tion term), analysis was stratified by age. Compared with matched controls, CCP recipients younger than
65 years had lower mortality by day 28 (P = 0.04, Kaplan-Meier log-rank test), whereas the mortality of
CCP recipients and matched controls at least 65 years did not differ significantly (P = 0.61, Kaplan-Meier
log-rank test) (Figure 2). There was no difference in mortality between groups when CCP recipients and
controls were stratified by baseline oxygen requirement (Supplemental Figure 3).

There was no significant difference between CCP recipients and matched controls in all-cause mortality
at 28 days (31.5 vs. 38.4%; OR, 0.74; 95% CI, 0.37-1.46; P = 0.37) (Figure 3). When stratified by age, CCP
recipients younger than 65 years had a 4-fold decrease in risk of mortality (8.8 vs. 29.4%; OR, 0.23; 95% CI,
0.05-0.95; P=0.04) and a 4-fold decrease in risk of deterioration in oxygenation or mortality (11.8 vs. 35.3%;
OR, 0.24; 95% CI, 0.06-0.87; P = 0.03). There was no significant difference in mortality of CCP recipients
65 years or older (52.6 vs. 45.9%; OR, 1.07; P = 0.89) (Figure 3 and Table 1). Among the 103 CCP recipi-
ents, mortality at day 28 was associated with time from symptom onset to transfusion (OR, 1.12; 95% CI,
1.01-1.24; P=0.04), earlier week of admission (OR, 2.22; 95% CI, 1.00-5.00; P = 0.05), and being Hispanic/
Latinx in ethnicity compared with not being Hispanic/Latinx in ethnicity (OR, 8.33; 95% CI, 1.69-33.3;
P = 0.009), adjusted for age, sex, BMI, race, ethnicity, comorbid conditions, week of admission, duration
of symptoms, baseline oxygen requirement, corticosteroids, anticoagulation use, D-dimer, and lymphocyte
counts (Table 2). There was no significant association between CCP NAD or spike protein IgG titers and
mortality or oxygenation status in CCP recipients.

Multivariable analysis of 90 CCP recipients and 258 controls adjusted for covariates age, sex, BMI, race,
ethnicity, comorbid conditions, week of admission, baseline oxygen requirement, corticosteroids, anticoag-
ulation use, D-dimer, and lymphocyte counts did not show any difference in outcome between the 2 groups.
When stratified by age, CCP recipients younger than 65 years had lower mortality or deterioration in oxygen-
ation, but this was not statistically significant (OR, 0.23; 95% CI, 0.04-1.19; P = 0.08) (Supplemental Figure
4). Additionally, multivariable analysis indicated that age, use of mechanical ventilation at baseline, use of
systemic corticosteroids, not being on anticoagulation in patients > 65 years, and earlier week of admission
were associated with mortality at day 28 adjusted for covariates (Supplemental Table 2). Corticosteroid use
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Table 1. Baseline characteristics and outcomes in CCP recipients transfused by admission day 3 (n =

controls (n=73)

73) and propensity score-matched

All patients <65 years
Cases Controls Cases Controls
(n=73; (n=73; P (n =34; (n=34; P

Characteristic

64 not on MV, 64 noton MV, value 28 noton MV, 28 noton MV, value 36 noton MV, 36 notonMV,3 value

9 on MV) 9 on MV) 6 on MV) 6 on MV)

Median age (IQR) -y 67 (55-75) 66 (56-77) 0.80 55 (50-57) 55(49-59) 0.84

Age category — no. (%), y

<45 7(9.6) 6(8.2) 0.97 7(20.6) 6(17.7) 0.76

45 to <65 27 (36.9) 28 (38.4) 27 (79.4) 28 (82.4)

65 to <75 19 (26.0) 17(23.3) 0 0

75 to <85 14 (19.2) 14 (19.2) 0 0

>85 6(8.2) 8(10.9) 0 0

Sex — no. (%), BMI

Female 32 (43.8) 26 (35.6) 0.31 13(38.2) 12 (35.3) 0.80

Male 41(56.2) 47 (64.4) 21(61.8) 22 (64.7)

BMI, median (IQR)* 28.3 274 0.32 29.6 281 0.52

(23.7-33.5) (23.2-31.6) (27.6-34.7) (24.8-34.3)

Ethnicity® — no. (%)

Hispanic 38 (52.1) 36 (49.3) 0.45 16 (47.) 18 (52.9) 0.39

Non-Hispanic 24 (32.9) 30 (41.7) 11(32.4) 13(38.2)

Unknown 11(15.1) 7(9.6) 7(20.6) 3(8.8)

Race® — no. (%)

White 7(9.6) 8(10.9) 0.96 3(8.8) 4(11.8) 0.89

African American 20 (274) 17 (23.3) 12 (35.3) 8 (23.5)

Asian 4(5.5) 3 (4.) 1(2.9) 1(2.9)

American Indian or Alaska Native 1(1.4) 0 0 0

Other 25(34.2) 28 (38.4) 10 (29.4) 13(38.2)

Unknown 16 (21.9) 17 (23.3) 8(23.5) 8(23.5)

Coexisting disorder — no. (%)

Hyperlipidemia 42 (57.5) 44(60.3) 074  17(50.0) 15(441)  0.63

Hypertension 60(82.2) 62 (84.9) 0.66 24 (70.6) 27 (79.4) 040

Coronary artery disease 10 (13.7) 13 (17.8) 0.49 2(5.9) 4(11.8) 0.67

Chronic pulmonary disease 26 (35.6) 22 (30.) 0.48 10 (29.4) 7(20.6) 040

Chronic kidney disease 24 (32.9) 31(42.5) 0.23 8(23.5) 9(26.5) 0.78

Obesity (BMI > 30) 29(39.7) 22 (30.) 0.22 16 (47.) 15 (44.1) 0.81

Diabetes 33 (45.2) 34 (46.6) 0.87 1(32.4) 11(32.4) 1.00

Pharmacologic interventions — no. (%)

Corticosteroids 67 (91.8) 64 (87.7) 0.41 29 (85.3) 30(88.2) 0.72

Therapeutic anticoagulation 56 (76.7) 47 (64.4) 0.10 18 (52.9) 26 (76.5) 0.04

Oxygen on the day of transfusion — no. (%)

Low-flow oxygen, 5L to15 L 53 (72.6) 53 (72.6) 1.00 23 (67.7) 23(67.7) 1.00

High-flow oxygen or NIV 11(15.1) 11(15.1) 5(14.7) 5(14.7)

MV 9(12.3) 9 (12.3) 6 (17.7) 7(17.7)

Laboratory values on the day of transfusion, median (IQR)

Lymphocyte count, x 10°/L 0.8(0.5-1.2) 0.9(0.7-1.2) 0.97 0.9(0.7-1.2) 0.9(0.7-1.2) 044

D-dimer, pg/mL 2.8(1.2-81) 29(14-64) 0.83 15(0.7-77) 2.3(1.3-51) 0.27

C-reactive protein, mg/dL 174 17.8 0.68 16.2 17 0.97

(11.1-27.9) (8.3-28.5) (10.6-24.2) (71-27.6)

Mortality outcomes — no. (%)

Day 28 mortality 23 (31.5) 28(384) 033  3(8.8) 10(294)  0.03
Not on MV 21(32.8) 24(375)  0.58 2(77) 8(28.6) 0.04
On MV 2(22.2) 4 (44.4) 0.32 1(14.2) 3(42.8) 0.23

Day 28 clinical status — no. (%)

Stable/better 47 (64.4) 42(575) 039 30(88.2) 22(64.7)  0.02
Worse/dead 26 (35.6) 31(42.5) 4 (11.8) 12 (35.3)

265 years
Cases Controls
(n=39; (n=39; P
3 on MV) on MV)
75 (69-82) 76 (71-81) 0.63
0 0 0.82
0 0
19 (48.7) 17 (43.6)
14 (35.9) 14 (35.9)
6 (15.4) 8(20.5)
19 (48.7) 14 (35.9) 0.25
20 (51.3) 25 (64.1)
26.9 25.8 0.58
(21.9-32.8) (22.9-28.5)
22 (56.4) 18 (46.2) 0.68
13(33.3) 17 (43.6)
4(10.3) 4(10.3)
4(10.3) 4(10.3) 1.00
8(20.5) 9(23.1)
3(7.7) 2(57)
1(2.6) 0
15(38.5) 15(38.5)
8(20.5) 9(23.)
25 (64.1) 29 (74.4) 0.33
36(92.3) 35(89.7) 0.69
8(20.5) 9(23.1) 0.78
16 (41.0) 15 (38.5) 0.82
16 (41.0) 22 (56.4) 017
13(33.3) 7(17.9) 012
22 (56.4) 23(58.9) 0.82
38 (974) 34 (87.2) 0.09
29 (74.4) 30(76.9) 0.79
30 (76.9) 30(76.9) 1.00
6(15.4) 6(15.4)
3(7.7) 5(7.7)
0.8 (0.5-1.0) 1.0(0.6-1.2) 0.03
3.7(21-10.9)  3.2(1.9-74) 041
18.8 18.2 0.52
(14.8-28.8) (8.5-28.7)
20 (52.6) 17 (45.9) 0.56
19 (52.8) 16 (44.4) 0.48
1(33.3) 2(66.7) 0.41
17 (43.6) 20 (51.3) 0.49
22 (56.4) 19 (48.7)

ABody mass index (BMI) is the weight in kilograms divided by the square of the height in meters. 8Information on race and ethnic group was obtained from
entries in the medical record, as reported by the patients. MV, mechanical ventilation; NIV, noninvasive ventilation.
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Figure 2. Kaplan-Meier plots of the probability of survival from time of transfusion to day 28 in CCP recipients (n = 73) versus matched controls (n =
73). (A) All age groups. (B) Age < 65 years. (C) Age > 65 years. The P value of a log-rank test is shown for each plot.

was associated with mortality in patients receiving low-flow oxygen at baseline (adjusted OR, 2.68; 95% CI,
1.27-5.68; P = 0.009) when analysis was stratified by baseline oxygen requirement.

CCP safety and adverse events. There were no adverse reactions, including no instances of transfusion-related
acute lung injury or transfusion-associated circulatory overload attributable to CCP administration.

CCP recipient SARS-CoV-2 spike protein antibody titers. We measured CCP recipient spike protein IgG, IgM,
and IgA in remnant serum samples obtained before (day —1, D —1) and after transfusion (Figure 4). Baseline
spike protein IgG, IgM, and IgA were significantly higher in patients mechanically ventilated at enrollment
(P=0.009, P=0.01, P = 0.02, respectively) and those who died by day 28 (P = 0.02, P = 0.02, P = 0.002,
respectively) (Supplemental Table 3, Figure 4, and Supplemental Figure 5). There was no association between
baseline antibody titers and time from symptom onset to transfusion or time from hospital admission to trans-
fusion. Plateau in median IgG after CCP administration was reached earlier in patients = 65 than < 65 years,
mechanically ventilated at baseline versus not, and those who died by versus those alive at day 28 (Figure 4).
Baseline IgA was higher in patients = 65 than those < 65 years (P = 0.04) (Supplemental Table 3).

There was a direct association between mortality at day 28 and baseline (D —1) IgG (OR, 1.4; 95% CI,
1.04-1.78; P=0.03), IgM (OR, 1.39; 95% CI, 1.00-1.92; P = 0.048), and IgA (OR, 1.45; 95% CI, 1.11-1.91; P
=0.007) in the univariate analyses but not in the multivariable analysis adjusted for covariates (Table 2). Baseline
spike protein IgG titer was significantly correlated with D-dimer (r = 0.46; P = 0.0002; n = 60) (Figure 4). In
addition, there was a direct, albeit weak, correlation between baseline spike protein IgG titer and detected viral
load measured by Ct value of nasopharyngeal SARS-CoV-2 reverse-transcriptase PCR (RT-PCR) (» = 0.39; P
=0.002; n = 57) (Figure 4). There was no correlation between Ct value and age, duration of illness, or D-dimer.

CCP recipient inflammatory and hematology measures. There was no significant difference in change in lym-
phocyte counts, D-dimer, or C-reactive protein (CRP) between day 0 and 28 in CCP recipients compared
to controls (data not shown).

Discussion

CCP has been used as an investigational treatment for COVID-19 since the early days of the pandemic.
Numerous observational studies report safety and signals of possible efficacy of CCP in hospitalized
patients with COVID-19 (15, 20, 22-25, 35, 36). Here, we report the mortality and clinical outcomes of a
cohort of 73 patients with severe to life-threatening COVID-19 who were transfused with 1 unit of CCP
by 72 hours of hospitalization and 73 propensity score-matched controls. There was no significant dif-
ference in mortality or improvement in oxygenation in CCP recipients compared to controls. Although
treated within 72 hours of hospitalization, CCP-treated patients had symptom duration of 5-9 days and
multiple indicators of severe or life-threatening disease, including lymphopenia, elevated D-dimer levels,
and the need for supplemental oxygen. In this regard, our findings are similar to those of other studies in
which there was no benefit of CCP in hospitalized patients with severe COVID-19 (25, 27, 30). Nonethe-
less in a subset of patients stratified by age, CCP recipients younger than 65 years had significantly lower
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Figure 3. Day 28 outcomes for CCP recipients (n = 73) versus matched controls (n = 73) presented by OR and 95% con-
fidence intervals using a logistic regression model. (A) All age groups (n = 73 cases vs. 73 controls). (B) Age < 65 years
(n =34 vs. 34). (C) Age > 65 years (n = 39 vs. 39).

risk of mortality and deterioration in oxygenation by day 28 than controls (P = 0.04). Age and duration
of symptoms were independently associated with mortality at day 28 in CCP recipients. No adverse
reactions were directly attributable to CCP.

There was no evidence of benefit of CCP in patients 65 years or older. Age, a well-documented risk
factor for COVID-19 severity and mortality (37, 38), was significantly associated with mortality in unad-
justed and adjusted analyses. Patients at least 65 years had a higher frequency of comorbid conditions;
higher D-dimer, CRP, and SARS-CoV-2 IgA values; and lower lymphocyte levels than those less than 65
years, all of which are markers of severe disease (39-44). Notably in published case-control studies in
which CCP was associated with reduced mortality, median ages of patients were less than 60 years (21,
23, 45), and in the large open-label Mayo Clinic study in which there was a signal of reduced mortality
in patients who received high-titer CCP, 44% of the cohort was <60 years, 70% of the cohort was <70
years, and CCP was less effective in those >80 years (22). In addition, a small RCT comparing 80 patients
randomized to CCP versus standard of care posted on a preprint server on November 29, 2020, found a
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Table 2. Univariate and multivariable analysis of mortality at day 28 in all CCP recipients (n = 103)

Univariate OR (95% CI) P value
Pretransfusion spike protein 1gG (1/titer) (n = 60) 1.36 (1.04-1.78) 0.03
Pretransfusion spike protein IgM (1/titer) (n = 59) 1.39 (1.00-1.92) 0.048
Pretransfusion spike protein IgA (1/titer) (n = 59) 1.45 (1.10-1.91) 0.007
Multivariable® Adjusted OR (95% Cl) P value
Age (y) 113 (1.07-1.20) <0.0001
Ethnicity®

Hispanic/Latinx ref

Not Hispanic/Latinx 0.12 (0.03-0.59) 0.009

Unknown 2.54 (0.36-17.8) 0.35
Time from symptom onset to transfusion (d) 112 (1.01-1.24) 0.04
Week of admission 0.45 (0.20-1.00) 0.05

ACovariates included in the model were age, sex, body mass index, race, ethnicity, comorbid conditions, baseline

oxygen requirement, time from symptom onset to transfusion, week of admission, anticoagulation, corticosteroid use,
D-dimer, and lymphocyte count. 8information on race and ethnic group was obtained from entries in the medical record,
as reported by the patients. Bold text, P < 0.05; ref, reference variable used in the multivariable analysis.

benefit of CCP in patients less than 67 years but not in the entire cohort with a median age of 61 years
(46). These data along with ours suggest that aging may have a detrimental effect on CCP efficacy.

In a case-control study that also did not show a signal of CCP efficacy, Rogers et al. found a higher rate of
hospital discharge in patients 65 years or older (47). In their study, 14% of CCP recipients were Black/African
American, 31% were Caucasian/White, 42% were Hispanic/Latinx, 34% had hypertension, 25% had diabe-
tes, and all received 2 units of CCP. Our cohort was older, was more severely ill, and came from racial/ethnic
populations at higher risk for severe COVID-19 and death (48): 26% of CCP recipients were Black/African
American, 9% were White/Caucasian, 51% were Hispanic/Latinx — which was associated with mortality in
our multivariable analysis — 82% had hypertension, 42% had diabetes, and all received 1 unit of CCP. This
suggests social determinants of health may have adversely affected clinical outcomes of our cohort.

Reflecting practice at the peak of the pandemic at our center, the majority of patients in our cohort
received corticosteroids, and corticosteroid use was associated with mortality in those requiring low-flow
oxygen. In another propensity score—matched study, corticosteroid use was also associated with higher mor-
tality (49). Among CCP recipients at least 65 years in our study, 98% received corticosteroids concurrently
with or before CCP. More CCP recipients than controls also received corticosteroids in the Rogers et al.
study, which did not find evidence of CCP benefit (47). In addition, although not statistically significant,
a higher proportion of CCP recipients than controls received corticosteroids in the Li et al. RCT, in which
there was not a signal of CCP efficacy and the median age was 70 years (25). Corticosteroid use has been
associated with lower mortality in patients with COVID-19 who require mechanical ventilation (8, 9), and
not in the early course of the disease (9, 50). Viral clearance was slower in patients with SARS and Middle
East respiratory syndrome who received corticosteroids (51, 52), and corticosteroid use was associated with
lower anti—spike protein receptor binding domain (RBD) IgG and neutralization titers in COVID-19 patients
(53). Thus, we wonder if corticosteroid use further impaired the immune status of elderly patients in our
cohort, who already had lower lymphocyte counts. Data from ongoing RCTs are needed to evaluate the
effect of covariates, including corticosteroids, on CCP efficacy.

The ability of CCP to affect the course of COVID-19 is most likely a function of viral neutralization
early in disease (14, 54). The Mayo Clinic study analysis found that high-titer CCP, as defined by signal to
cutoff ratio on the OrthoV platform, reduced COVID-19 mortality relative to low-titer CCP (22). In a pro-
pensity score—matched study, compared with controls, CCP with an RBD IgG titer = 1:1350 reduced mor-
tality in nonintubated patients transfused within 72 hours of hospital admission (21). Although titers in our
study cannot be directly compared with titers in other studies, CCP used in our study had high-titer spike
protein IgG and a median neutralizing titer of 1:938 based, respectively, on a highly specific full-length
spike protein ELISA (32, 55, 56) and a pseudovirus neutralization assay that correlates with live virus
(plaque reduction) neutralization (42, 56, 57). Nonetheless, although there was a possible signal of efficacy
in the subgroup younger than 65 years who received CCP within 72 hours of hospitalization, this was not

JCl Insight 2021;6(4):e142270 https://doi.org/10.1172/jci.insight.142270 7



RESEARCH ARTICLE

JClinsigHT
A B C D E F
Age < 65 yrs Age = 65 yrs Alive at day 28 Dead at day 28 Not intubated at day 0 Intubated at day 0
500000
1 T T T T T -
—
£ 200000
=
@ 150000
=)
% 100000
E 50000
- _— o o A ' . . y N
D g S oS P ‘\“\‘\el\ h.\h.sa POl R
s 2N "I— o A s 5
\*?& Ny @;& A '\@ﬁ xﬁ(j '5@99 (€ N /\@ \@ \g( \(( x@ ‘9’9’ \((;‘b qy »\@& \‘9’ "b\o& ‘\sf
g o ¢ J Sogr @ 9 q“ o‘ & J o < N ¢
G H
2000000 ° 2000000 o
1000000 . 1000000 .
. 600000 o « 0o © 600000 o o e O
IS 5
= =
= 400000 . 400000 .
(6] (0]
=2 r=046 K= r=039
- P=0. — =
& 2000000 0e s o not & 2000004 poor e +0 o0
o0 o [-E ] o
.'q-‘l ° ° @ ©00 o,
Pt T g 1 04 T 'M +— 1
0 5 10 15 20 25 0 10 20 30 40 50
D-dimer (pg/mL) Ctvalue

Figure 4. SARS-CoV-2 spike protein IgG titers determined by ELISA at baseline (day -1) and 1, 3, and 7 days after transfusion in CCP recipients. (A) Age <
65 years. (B) Age > 65 years. (C) Alive at day 28. (D) Died by day 28. (E) Not intubated on day of transfusion. (F) Intubated on day of transfusion. Correlation
between baseline spike protein IgG titer and (G) D-dimer and (H) cycle threshold (Ct) value from initial nasopharyngeal SARS-CoV-2 RT-PCR in CCP recipi-
ents. The median titers and IQRs are shown on the y axis for each time point shown on the x axis (A-F). The x axis shows days relative to CCP transfusion
(A-F). Open circles show patients who died by day 28 (G and H). r, Spearman’s correlation coefficient; D, day; Ct value, cycle threshold value.

the case in patients 65 years or older, who were more severely ill based on baseline data. It is possible elder-
ly patients may require more than 1 dose of 200 mL of CCP, but 2 units did not mediate an effect in the
Rogers et al. cohort (47). While there are theoretical concerns of antibody-dependent enhancement (ADE)
in the presence of subneutralizing concentrations of antiviral antibodies (58, 59), ADE was not reported in
other CCP treatment studies, and the levels of spike protein antibody with neutralizing capability in CCP
in this study make it very unlikely. Given the high mortality of COVID-19 in patients at least 65 years and
lack of evidence of CCP efficacy in this group in our study and others (25, 60), there is a need for more data
on the effect of aging on CCP efficacy in COVID-19.

Consistent with other reports associating SARS-CoV-2 antibody titer with disease severity and/or mor-
tality (61-63), spike protein IgG at enrollment was directly associated with mortality among 60 CCP recip-
ients who had remnant sera available. Although we observed posttransfusion increases in spike protein IgG
in patients younger than 65 years or who were not intubated, this cannot be distinguished from endogenous
antibody without comparison with untreated controls. While we did not measure posttransfusion viral loads,
pretransfusion antibody titers correlated with RT-PCR Ct values (inversely correlated with viral load). Thus,
as in other studies (53, 64), endogenous antibody may have already contributed to viral control in CCP recip-
ients. The Gharbharan et al. RCT was terminated early when it was discovered the majority of the study
patients had neutralizing titers at enrollment equivalent to donor CCP (29), although the study appeared
on track to meet its expected endpoint. Patients in the PLACID RCT (27) who received CCP had earlier
conversion to viral RNA negativity, despite having low levels of neutralizing antibodies at enrollment. In the
ConPlas-19 RCT (26), in which 49% of the patients had positive SARS-CoV-2 IgG at enrollment, CCP did
not confer benefit, but there was a trend toward reduced mortality. Nonetheless, in our study as in others (27,
65), antibody titers and symptom duration associated with disease severity and a lack of evidence of CCP
efficacy. This underscores the long-standing principle that convalescent antibody therapy is most likely to be
effective early in the course of viral respiratory diseases (14) as shown for COVID-19 in propensity score—
matched studies (23, 49) and a recently published outpatient RCT (65).

A strength of our study is that it includes patients over the age of 65 years, who represent a population
with disproportionately higher COVID-19 mortality. To date, studies of CCP and other potential therapies
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for COVID-19 in patients negatively affected by social determinants of health are lacking. The Bronx has
a higher poverty rate than the other NYC boroughs (5, 66), and our cohort was composed predominantly
of Hispanic or Latinx and Black or African American populations who were severely affected by the surge
conditions in NYC and experienced higher COVID-19 mortality (67-69). We attempted to control for
hospital surge capacity and social determinants of health that can significantly contribute to COVID-19
outcome (70) by including week of admission, race, and ethnicity as propensity scores.

A major limitation of this study is its retrospective and nonrandomized study design. The retrospectively
identified controls differed in baseline characteristics from the cases, most notably in baseline oxygen require-
ment, proportion of corticosteroid use, and baseline lymphocyte counts, suggesting a mismatch in severity
of illness due to selection bias. While propensity score matching and multivariable analysis with adjustments
were done to correct for confounding variables, there likely were additional latent and unmeasured variables
that were not adjusted for. In addition, time-dependent variables such as hospital bed capacity during surge
conditions and advances in clinical practice, such as use of proning techniques, lung protective ventilation
strategies, and improvement in sedation, may not have been accounted for in our analysis, despite matching
and adjusting for baseline week. In addition, poor or absent documentation of oxygen requirement and incon-
sistencies in obtaining inflammatory markers during the height of the pandemic resulted in missing data,
precluding a more complete analysis. Finally, since we could not obtain antibody data for controls, we cannot
assess CCP effects on antibody levels or the effect of pretransfusion antibody on CCP efficacy.

In summary, we report that CCP administration within 72 hours of hospitalization demonstrated a
possible signal of reduced mortality in patients younger than 65 years. Similar to others, we found CCP was
safe with no adverse events directly attributable to transfusion (21, 71, 72). Although our data suggest possi-
ble effects of age and disease severity on CCP efficacy, prospective RCTs are needed to definitively establish
its efficacy. Antibody-based therapies, including CCP, have now shown promise in outpatients with mild to
moderate COVID-19 (65, 73). However, nearly a year into the pandemic, effective therapies for hospitalized
patients are still urgently needed, particularly for those who are elderly and at high risk for mortality. If effec-
tive in any group of hospitalized patients, CCP will have immense impact on health care resources and pub-
lic health during this ongoing pandemic (74). CCP is rapidly available compared with other pharmaceuticals
or vaccines and may be a more feasible option in surge conditions and/or resource-limited settings (24).

Methods

Patient enrollment. One hundred three (n = 103) adult patients with laboratory-confirmed (nasopharyngeal
PCR) COVID-19 were enrolled in the Mayo Clinic expanded access treatment protocol (31) to receive CCP
between April 13 and May 4, 2020. Hospitalized patients were referred to the study team by hospitalists and/
or infectious diseases consultants and were deemed eligible to receive CCP if they had been hospitalized
for < 3 days or were symptomatic for 3 to 7 days prior to transfusion and had severe and/or life-threatening
COVID-19. Patients who were on mechanical ventilation for more than 24 hours were excluded. Severe dis-
ease was defined as respiratory symptoms with hypoxemia requiring at least 5 L of nasal cannula oxygen
support. Life-threatening disease was defined as respiratory failure requiring mechanical ventilation, shock,
and/or multiple organ dysfunction or failure. Ninety-one patients received CCP by day 3 of hospitalization.
Patients or their legally authorized representatives provided informed consent prior to treatment.

CCP procurement and transfusion. After obtaining informed consent, blood was collected between March and
April 2020 from otherwise healthy adult volunteers residing in Westchester County, Rockland County, and the
Bronx, New York, who had recovered from COVID-19. Potential donors had a documented positive nasopha-
ryngeal swab by PCR for SARS-CoV-2 during illness and had been asymptomatic for at least 14 days prior to
sample collection. Serum was obtained by venipuncture (BD Vacutainer, serum), aliquoted, heat-inactivated at
56°C for 30 minutes, and stored at 4°C prior to antibody screening by ELISA. Donors with SARS-CoV-2 spike
protein titers > 1:1000 were referred for apheresis at the New York Blood Center (NYBC). CCP from 46 MMC
donors and 8 donors from the general NYBC pool was administered to patients in the study.

Plasma recipients were transfused with 1 unit (approximately 200 mL) of ABO-type matched CCP over
2-3 hours and monitored before, during, and after infusion for signs of transfusion-related reactions per stan-
dard transfusion protocol.

Controls and data collection. We identified 1347 non-CCP recipients with a positive SARS-CoV-2 PCR
admitted to MMC between April 13 and May 4 by querying the electronic medical record (EMR). Since most
CCP was administered by day 3 postadmission, baseline day was set at day +2 postadmission in non-CCP
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recipients. Of the 1347 identified patients, the CCP recipients and 986 non-CCP recipients were excluded
because they required less than 5 L or no baseline oxygen support, had a missing baseline oxygen value (7 =
903), were intubated for more than 24 hours at baseline (# = 47), or had missing data (n = 36). This resulted
in a retrospective control group of 258 non-CCP recipients (Figure 1). We collected age, sex, BMI, race,
ethnicity, comorbidities, medications, laboratory findings, and day of death or discharge from CCP-treated
and control patients. Additionally, we collected duration of symptoms and hospital day of transfusion from
CCP-treated patients from the EMR. Specific laboratory values and clinical characteristics were obtained
from the EMR by using Structured Query Language.

For both control and CCP recipients, patient oxygen support was evaluated at day 0 and 28 post-CCP,
and the corresponding day postadmission for controls, as follows: low-flow oxygen through nasal cannula or
non-rebreather mask (5-15 L), high-flow nasal cannula or noninvasive ventilation, and invasive mechanical
ventilation. If a patient’s oxygen requirement increased or the patient died prior to the time point of interest,
the patient’s oxygenation status was considered to have worsened. Initial Ct value from the SARS-CoV-2
RT-PCR assay performed on a single platform was queried retrospectively for CCP recipients.

SARS-CoV-2 spike protein IgG, IgM, and IgA titers before and after transfusion of CCP. SARS-CoV-2 spike
protein-binding IgG, IgM, and IgA titers were determined by ELISA using remnant sera obtained from
baseline (D —1) and 1, 3, and 7 days after patients received CCP (D1, D3, and D7, respectively). Briefly,
microtiter plates (Costar, Corning) were coated with 25 uL of 2 ug/mL purified spike protein (32, 55, 75) in
phosphate-buffered saline (PBS) overnight at 4°C, washed with 1x PBS/0.1% Tween (PBS-T), blocked with
3% (v/v) milk (Bio-Rad)/PBS-T for 1 hour at room temperature (RT), washed, and incubated with heat-in-
activated sera for 2 hours at RT. Plates were then washed, incubated with isotype-specific HRP-labeled goat
anti-human IgG (Thermo Fisher Scientific 31410), IgM (MilliporeSigma A6907), or IgA (MilliporeSigma
A0295) for 1 hour at RT. Following final washes, plates were incubated with ultra-TMB ELISA substrate
(Thermo Fisher Scientific), and color development was stopped by addition of 0.5 M sulfuric acid (Milli-
poreSigma). Well absorbances at 450 nm (A ) were determined using a Cytation 5 (BioTek). The endpoint
titer was determined as the highest dilution to give a signal 3 times the background A (wells with no sera).

rVSV-SARS-CoV-2 S neutralization assay. The neutralization assay was done as previously described (56).
Briefly, CCP samples were serially diluted and incubated with pretitrated amounts of virus for 1 hour at
RT; plasma-virus mixtures were added to 96-well plates (Corning) containing monolayers of Vero cells
(ATCC), incubated for 7 hours at 37°C/5% CO,, fixed with 4% paraformaldehyde (MilliporeSigma) in
PBS, washed with PBS, and stored in PBS containing Hoechst-33342 (1:2000 dilution; Invitrogen, Thermo
Fisher Scientific). Viral infectivity was measured by automated enumeration of green fluorescent protein—
positive cells from captured images using a Cytation 5 automated fluorescence microscope (BioTek) and
analyzed using the Gen5 data analysis software (BioTek). The serum half-maximal inhibitory concentra-
tion was calculated using a nonlinear regression analysis with GraphPad Prism software.

Study outcomes. The primary outcome was all-cause mortality at day 28 post-CCP. The secondary out-
comes were improvement in oxygenation status or mortality at day 28 post-CCP. Exploratory outcomes
were associations between pre-CCP SARS-CoV-2 antibody titers and mortality at day 28.

Statistics. Patient characteristics and outcomes were reported as frequencies and proportions for categor-
ical variables and median and IQR for continuous variables. Differences between groups (e.g., CCP versus
non-CCP) were determined by Student’s 2-tailed ¢ test or Mann Whitney U test for continuous variables, and
¥ or Fisher’s exact tests for categorical variables, as appropriate.

For the outcome analysis, we performed 1:1 propensity score matching using the nearest neighbor
matching without replacement on 90 case and 258 control patients to optimize balance of baseline char-
acteristics for assessing the independent effect of CCP on oxygenation and survival. The distribution of
O, requirement prior to matching showed that the cases had higher oxygen requirement (P < 0.001). The
primary matching criteria included age, sex, race, ethnicity, BMI, week of admission, D-dimer, lymphocyte
count, corticosteroid use, anticoagulation use, hypertension, diabetes, chronic pulmonary disease, chronic
kidney disease, coronary artery disease, hyperlipidemia with exact matching on baseline oxygen require-
ment, and age group (categorical, < 65 vs. > 65 years). Propensity scores were calculated using a logistic
regression model. After 1:1 propensity score matching, the analysis included 73 cases and 73 controls, and
the variables were not significantly different between CCP recipients and controls based on an omnibus test
(P =0.80) (76). The all-cause mortality at day 28 post-CCP was depicted by Kaplan-Meier curves. Differ-
ences between groups were compared using the log-rank test. Stratification analyses were done by age < 65
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vs. > 65 years and by baseline oxygen requirement. Corticosteroids and anticoagulation use were not well
balanced in the subgroups and were further adjusted for in age-stratified analysis.

As a sensitivity analysis, factors associated with oxygenation status at day 28 were evaluated by pro-
portional odds model, and mortality at day 28 was evaluated using logistic regression model. Adjusted OR
and corresponding 95% CIs were calculated. To identify variables that predicted mortality in CCP group,
we performed a stepwise model selection using the Akaike Information Criterion in a logistic regression
model with age, sex, BMI, race, ethnicity, comorbidities, week of admission, time from symptom onset to
transfusion, baseline oxygen requirement, anticoagulation, corticosteroid use, D-dimer, and lymphocyte
count. Log-transformed SARS-CoV-2 spike protein antibody titers were individually added to select mod-
els to evaluate their association with each outcome. A 2-sided P value of less than 0.05 was considered
statistically significant. GraphPad Prism Version 8.0, Stata/IC Version 16.1, and R were used for analysis.

Study approval. The retrospective cohort study, the donor plasma procurement protocol, and the use of
the EAP were approved by the Albert Einstein College of Medicine Institutional Review Board. The retro-
spective cohort study was approved by the Albert Einstein College of Medicine Institutional Review Board
for human subjects with a waiver of informed consent. All participants provided written informed consent
beforehand for the donor plasma procurement protocol.

Author contributions

HY, LP, JPD, and K Chandran designed the study. HY and LP wrote the manuscript with input from all
authors. JPD, IG, K Chandran, and TW contributed to critical revision of the manuscript. HY, R Bartash,
and KF enrolled patients. MP, LSR, and JU provided CCP from the blood bank. HY, UNS, K Cowman, SA,
JA, AA, DB, AK, BJL, AL, ML, AM, and XAY collected clinical data. IG, RR, RT, and PS retrospectively
identified control patients and collected clinical data. MRG and ASF provided clinical specimens and criti-
cal data interpretation. JR, AN, and R Babb collected clinical specimens and performed ELISAs. RHB and
ASW curated clinical specimens, performed ELISAs, and analyzed ELISA data. EL, CF, DH, MED, and
JMF assisted with clinical specimen processing and performed ELISAs. DH, MED, RKJ, and RHB performed
and analyzed viral neutralization assays. KT, MCM, and OV performed ELISAs. GIG and RJM expressed
and purified spike protein. JAQ assisted with management of clinical information. NGH, NCM, and SJG
expressed, purified, and performed quality control on the spike protein. GJK and JMS assisted with specimen
collection and transport. RS assisted with specimen collection. DYG provided data. TW, YL, and HY per-
formed statistical analysis. HY, LP, JPD, K Chandran, TW, IG, UNS, DYG, and ASF assisted with data analy-
sis and interpretation. JB, SCA, and JRL acquired funding. All authors revised and approved the final version.

Acknowledgments

HY was supported by NIH/National Center for Advancing Translational Service (NCATS) Einstein-Mon-
teflore CTSA grant number UL1TR001073. LP was supported in part by NIH grants AT 123664, A1 143453,
and NCATS 3UL1TR002556-04S1 and a grant from the Mathers Foundation. K Chandran was supported
in part by NIH grants U19A1142777 and R01AI32633 and a COVID-19 Pilot Award from Albert Einstein
College of Medicine. JRL was supported by the NIH (R01-AI125462) and a COVID-19 Pilot Award from
Albert Einstein College of Medicine. SCA was supported by RO1AI145024, the Wollowick Family Foun-
dation Chair in Multiple Sclerosis and Immunology, and Janet & Martin Spatz and the Helen & Irving
Spatz Foundation. Additional support was provided by the Albert Einstein Macromolecular Therapeutics
Development Facility, the Einstein-Rockefeller-CUNY Center for AIDS Research (P30A1124414), and the
Albert Einstein Cancer Center (P30CA013330). JPD was supported by NIH/National Institute of Allergy
and Infectious Diseases R21AI141367. MCM and GIG were supported by an NIH Predoctoral Training
Program in Cellular and Molecular Biology and Genetics (T32-GM007491). KT, JAQ, RJM, RHB, and
GJK were supported by an NIH/National Institute of General Medical Sciences Medical Scientist Train-
ing Program (T32-GMO007288) at Albert Einstein College of Medicine. This study was supported in part
by a US Department of Health and Human Services, Biomedical Advanced Research and Development
Authority, grant contract 75A50120C00096, NIH/NCATS grant UL1TR002377, Schwab Charitable fund
(Eric E. Schmidt, Wendy Schmidt, donors), United Health Group, National Basketball Association, Mil-
lennium Pharmaceuticals, Octopharma USA, Inc., and the Mayo Clinic. The views expressed herein are
those of the author and do not reflect the position of the United States Military Academy, the Department
of the Army, or the Department of Defense.

JCl Insight 2021;6(4):e142270 https://doi.org/10.1172/jci.insight.142270 11



RESEARCH ARTICLE

Address correspondence to: Liise-anne Pirofski, Albert Einstein College of Medicine and Montefiore Medi-
cal Center, 1300 Morris Park Ave., Bronx, New York 10461, USA. Phone: 718.430.2940; Email: 1.pirofski@
einsteinmed.org.

oW

o

% =N

10.

11.
12.

13.

14.
15.

16.
17.
18.

19.

2

f=}

2

—_

22.

23.

24.

2

w

26.

2

Q

2

o

29.

30.

31

32.

33.

JCl Insight 2021;6(4):e142270 https:

. Gorbalenya AE, et al. The species severe acute respiratory syndrome-related coronavirus: classifying 2019-nCoV and naming it

SARS-CoV-2. Nat Microbiol. 2020;5(4):536-544.

Huang C, et al. Clinical features of patients infected with 2019 novel coronavirus in Wuhan, China. Lancet. 2020;395(10223):497-506.

Guan W-j, et al. Clinical characteristics of coronavirus disease 2019 in China. N Engl J Med. 2020;382(18):1708-1720.

John Hopkins University Coronavirus Resource Center. COVID-19 Dashboard by the Center for Systems Science and Engineering

at Johns Hopkins University. https://coronavirus.jhu.edu/map.html. Updated January 15, 2021. Accessed January 15, 2021.

‘Wadhera RK, et al. Variation in COVID-19 hospitalizations and deaths across New York City boroughs. JAMA.

2020;323(21):2192-2195.

New York City Department of Health and Mental Hygiene. COVID-19: Data. https://www1.nyc.gov/site/doh/covid/

covid-19-data.page. Updated January 27, 2021. Accessed January 27, 2021.

Beigel JH, et al. Remdesivir for the treatment of Covid-19 - final report. N Engl J Med. 2020;383(19):1813-1826.

Sterne JAC, et al. Association between administration of systemic corticosteroids and mortality among critically ill patients

with COVID-19: a meta-analysis. JAMA. 2020;324(13):1330-1341.

. Horby P, et al. Dexamethasone in hospitalized patients with Covid-19 - preliminary report [published online July 17, 2020].

N Engl J Med. https://doi.org/10.1056/NEJMoa2021436.

Luke TC, et al. Meta-analysis: convalescent blood products for Spanish influenza pneumonia: a future H5N1 treatment?

Ann Intern Med. 2006;145(8):599-609.

Cheng Y, et al. Use of convalescent plasma therapy in SARS patients in Hong Kong. Eur J Clin Microbiol Infect Dis. 2005;24(1):44-46.

Hung IF, et al. Convalescent plasma treatment reduced mortality in patients with severe pandemic influenza A (HIN1) 2009

virus infection. Clin Infect Dis. 2011;52(4):447-456.

Mair-Jenkins J, et al. The effectiveness of convalescent plasma and hyperimmune immunoglobulin for the treatment of severe

acute respiratory infections of viral etiology: a systematic review and exploratory meta-analysis. J Infect Dis. 2015;211(1):80-90.

Casadevall A, Pirofski LA. The convalescent sera option for containing COVID-19. J Clin Invest. 2020;130(4):1545-1548.

Duan K, et al. Effectiveness of convalescent plasma therapy in severe COVID-19 patients. Proc Natl Acad Sci U S A.

2020;117(17):9490-9496.

Shen C, et al. Treatment of 5 critically ill patients with COVID-19 with convalescent plasma. JAMA. 2020;323(16):1582-1589.

Ye M, et al. Treatment with convalescent plasma for COVID-19 patients in Wuhan, China. J Med Virol. 2020;92(10):1890-1901.

Zhang B, et al. Treatment with convalescent plasma for critically ill patients with severe acute respiratory syndrome Coronavirus

2 infection. Chest. 2020;158(1):e9—-e13.

Ahn JY, et al. Use of convalescent plasma therapy in two COVID-19 patients with acute respiratory distress syndrome in Korea.

J Korean Med Sci. 2020;35(14):149.

. Xia X, et al. Improved clinical symptoms and mortality on severe/critical COVID-19 patients utilizing convalescent plasma
transfusion. Blood. 2020;136(6):755-759.

. Salazar E, et al. Treatment of COVID-19 patients with convalescent plasma reveals a signal of significantly decreased mortality.

Am J Pathol. 2020;190(11):2290-2303.

Joyner MJ, et al. Effect of convalescent plasma on mortality among hospitalized patients with COVID-19: initial three-month

experience [preprint]. https://doi.org/ 10.1101/2020.08.12.20169359. Posted on medRxiv August 12, 2020.

Liu STH, et al. Convalescent plasma treatment of severe COVID-19: a propensity score-matched control study. Nat Med.

2020;26(11):1708-1713.

Skrip L, et al. Clinical management and mortality among COVID-19 cases in sub-Saharan Africa: a retrospective study from

Burkina Faso and simulated case analysis. Int J Infect Dis. 2020;101:194-200.

.LiL, 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(5):460-470.

Avendano-Sola C, et al. Convalescent plasma for COVID-19: a multicenter, randomized clinical trial [preprint]. https://doi.

org/ 10.1101/2020.08.26.20182444. Posted on medRxiv September 29, 2020.

. Agarwal A, et al. Convalescent plasma in the management of moderate covid-19 in adults in India: open label phase II multicentre
randomised controlled trial (PLACID Trial). BMJ. 2020;371:m3939.

.Rasheed AM, et al. The therapeutic effectiveness of Convalescent plasma therapy on treating COVID-19 patients residing

in respiratory care units in hospitals in Baghdad, Iraq [preprint]. https://doi.org/10.1101/2020.06.24.20121905. Posted on

medRxiv June 30, 2020.

Gharbharan A, et al. Convalescent plasma for COVID-19. A randomized clinical trial [preprint]. https://doi.org/10.1101/2020

.07.01.20139857. Posted on medRxiv July 3, 2020.

Simonovich VA, et al. A randomized trial of convalescent plasma in Covid-19 severe pneumonia [published online November

24, 2020]. N Engl J Med. https://doi.org/10.1056/NEJMo0a2031304.

U.S. National Library of Medicine. Expanded access to convalescent plasma for the treatment of patients with COVID-19.

https://clinicaltrials.gov/ct2/show/study/NCT04338360. Accessed January 15, 2021.

Bortz RH, et al. Development, clinical translation, and utility of a COVID-19 antibody test with qualitative and quantitative

readouts [preprint]. https://doi.org/10.1101/2020.09.10.20192187. Posted on medRxiv September 11, 2020.

FDA.Coronavirus disease 2019 emergency use authorizations for medical devices. https://www.fda.gov/medical-devices/

coronavirus-disease-2019-covid-19-emergency-use-authorizations-medical-devices/ eua-authorized-serology-test-performance.

Accessed January 15, 2021.

//doi.org/10.1172/jci.insight.142270 12



34.
35.
36.

37.

3

o

3

Nel

40.

4

—_

42.

43.
44.

45.

46.

47.

48.

49.

50.

5

—

52.

53.

54.

55.

56.

57.

5

oo

59.

60.

61.
62.

63.
64.

65.

66

67.

6

oo

69.

RESEARCH ARTICLE

Wajnberg A, et al. Robust neutralizing antibodies to SARS-CoV-2 infection persist for months. Science. 2020;370(6521):1227-1230.
Hegerova L, et al. Use of convalescent plasma in hospitalized patients with Covid-19 — case series. Blood. 2020;136(6):759-762.
Salazar E, et al. Significantly decreased mortality in a large cohort of Coronavirus Disease 2019 (COVID-19) patients transfused
early with convalescent plasma containing high-titer anti-severe acute respiratory syndrome Coronavirus 2 (SARS-CoV-2) spike
protein IgG. Am J Pathol. 2020;191(1):90-107.

Yang W, et al. Estimating the infection-fatality risk of SARS-CoV-2 in New York City during the spring 2020 pandemic wave:

a model-based analysis. Lancet Infect Dis. 2020;21(2):203-212.

.Toannou GN, et al. Risk factors for hospitalization, mechanical ventilation, or death among 10 131 US veterans with SARS-

CoV-2 infection. JAMA Netw Open. 2020;3(9):2022310.

. Nikolich-Zugich J, et al. SARS-CoV-2 and COVID-19 in older adults: what we may expect regarding pathogenesis, immune

responses, and outcomes. Geroscience. 2020;42(2):505-514.
Tan L, et al. Lymphopenia predicts disease severity of COVID-19: a descriptive and predictive study. Signal Transduct Target Ther.
2020;5(1):33.

. Diao B, et al. Reduction and functional exhaustion of T Cells in patients with Coronavirus disease 2019 (COVID-19). Front Immunol.

2020;11:827.

‘Wang X, et al. Neutralizing antibodies responses to SARS-CoV-2 in COVID-19 inpatients and convalescent patients [published
online June 4, 2020]. Clin Infect Dis. https://doi.org/10.1093/cid/ciaa721.

Ma H, et al. Serum IgA, IgM, and IgG responses in COVID-19. Cell Mol Immunol. 2020;17(7):773-775.

‘Wu F, et al. Neutralizing antibody responses to SARS-CoV-2 in a COVID-19 recovered patient cohort and their implications
[preprint]. https://doi.org/10.1101/2020.03.30.20047365. Posted on medRxiv April 6, 2020.

Donato M, et al. Clinical and laboratory evaluation of patients with SARS-CoV-2 pneumonia treated with high-titer convalescent
plasma: a prospective study [preprint]. https://doi.org/10.1101/2020.07.20.20156398. Posted on medRxiv August 4, 2020.

Ray Y, et al. Clinical and immunological benefits of convalescent plasma therapy in severe COVID-19: insights from a single
center open label randomised control trial [preprint]. https://doi.org/10.1101/2020.11.25.20237883. Posted on medRxiv
November 29, 2020.

Rogers R, et al. Convalescent plasma for patients with severe COVID-19: a matched cohort study [published online October 10,
2020]. Clin Infect Dis. https://doi.org/10.1093/cid/ciaal548.

Izzy S, et al. Characteristics and outcomes of Latinx patients with COVID-19 in comparison with other ethnic and racial
groups. Open Forum Infect Dis. 2020;7(10):0faa401.

Salazar E, et al. Significantly decreased mortality in a large cohort of COVID-19 patients transfused early with convalescent
plasma containing high titer anti-SARS-CoV-2 spike protein 1gG. Am J Pathol. 2020;191(1):90-107.

Keller MJ, et al. Effect of systemic glucocorticoids on mortality or mechanical ventilation in patients with COVID-19. J Hosp Med.
2020;15(8):489-493.

.Lee N, et al. Effects of early corticosteroid treatment on plasma SARS-associated Coronavirus RNA concentrations in adult

patients. J Clin Virol. 2004;31(4):304-309.

Arabi YM, et al. Feasibility of using convalescent plasma immunotherapy for MERS-CoV infection, Saudi Arabia. Emerg Infect
Dis. 2016;22(9):1554-1561.

Garcia-Beltran WE, et al. COVID-19 neutralizing antibodies predict disease severity and survival [published online December
15, 2020]. Cell. https://doi.org/10.1016/j.cell.2020.12.015.

Klingler J, et al. Role of IgM and IgA antibodies in the neutralization of SARS-CoV-2 [preprint]. https://doi.org/10.1101/2020
.08.18.20177303. Posted on medRxiv December 21, 2020.

Herrera NG, et al. Characterization of the SARS-CoV-2 S protein: biophysical, biochemical, structural, and antigenic analysis
[preprint]. https://doi.org/10.1101/2020.06.14.150607. Published on medRxiv June 15, 2020.

Dieterle ME, et al. A replication-competent vesicular stomatitis virus for studies of SARS-CoV-2 spike-mediated cell entry and
its inhibition. Cell Host and Microbe (2020). 2020;28(3):486-496.

Okba NMA, et al. Severe acute respiratory syndrome coronavirus 2-specific antibody responses in Coronavirus disease patients.
Emerg Infect Dis. 2020;26(7):1478-1488.

. Fleming AB, Raabe V. Current studies of convalescent plasma therapy for COVID-19 may underestimate risk of antibody-dependent

enhancement. J Clin Virol. 2020;127:104388.

Jaume M, et al. Anti-severe acute respiratory syndrome coronavirus spike antibodies trigger infection of human immune cells
via a pH- and cysteine protease-independent FcyR pathway. J Virol. 2011;85(20):10582-10597.

Pimenoff VN, et al. A systematic review of convalescent plasma treatment for COVID19 [preprint]. https://doi.org/10.1101/2
020.06.05.20122820. Published on medRxiv June 8, 2020.

Long Q-X, et al. Antibody responses to SARS-CoV-2 in patients with COVID-19. Nar Med. 2020;26(6):845-848.

Zhao J, et al. Antibody responses to SARS-CoV-2 in patients of novel coronavirus disease 2019. Clin Infect Dis.
2020;71(16):2027-2034.

Wang Y, et al. Kinetics of viral load and antibody response in relation to COVID-19 severity. J Clin Invest. 2020;130(10):5235-5244.
Regeneron. Regeneron’s REGN-COV2 Antibody Cocktail reduced viral levels and improved symptoms in non-hospitalized
COVID-19 patients. https://investor.regeneron.com/news-releases/news-release-details/regenerons-regn-cov2-antibody-cocktail-
reduced-viral-levels-and. Updated September 29, 2020. Accessed January 15, 2021.

Libster R, et al. Early high-titer plasma therapy to prevent severe Covid-19 in older adults [published online January 6, 2021].
N Engl J Med. https://doi.org/10.1056/NEJMo0a2033700.

.Ross J, et al. The disproportionate burden of COVID-19 for immigrants in the Bronx, New York. JAMA Intern Med.

2020;180(8):1043-1044.
Bhala N, et al. Sharpening the global focus on ethnicity and race in the time of COVID-19. Lancet. 2020;395(10238):1673-1676.

. Wortham JM et al. Characteristics of persons who died with COVID-19 — United States, February 12-May 18, 2020. MMWR

Morb Mortal Wkly Rep. 2020;69(28):923-929.
Golestaneh L, et al. The association of race and COVID-19 mortality. EClinicalMedicine. 2020;25:100455.

JCl Insight 2021;6(4):e142270 https://doi.org/10.1172/jci.insight.142270 13



. RESEARCH ARTICLE

70. Abrams EM, Szefler SJ. COVID-19 and the impact of social determinants of health. Lancet Respir Med. 2020;8(7):659—661.

71. Joyner MJ, et al. Safety update: COVID-19 convalescent plasma in 20,000 hospitalized patients. Mayo Clin Proc.
2020;95(9):1888-1897.

72. Joyner MJ, et al. Early safety indicators of COVID-19 convalescent plasma in 5000 patients. J Clin Invest. 2020;130(9):4791-4797.

73. Chen P, et al. SARS-CoV-2 neutralizing antibody LY-CoV555 in outpatients with Covid-19 [published online October 28, 2020].
N Engl J Med. https://doi.org/10.1056/NEJMo0a2029849.

74. Emanuel EJ, et al. Fair allocation of scarce medical resources in the time of Covid-19. N Engl J Med. 2020;382(21):2049-2055.

75. Wrapp D, et al. Cryo-EM structure of the 2019-nCoV spike in the prefusion conformation. Science. 2020;367(6483):1260-1263.

76. Hansen BB, Bowers J. Covariate balance in simple, stratified and clustered comparative studies. Statist Sci. 2008;23(2):219-236.

JCl Insight 2021;6(4):e142270 https://doi.org/10.1172/jci.insight.142270 14



