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Coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome coronavirus 2, has
spread globally, and proven treatments are limited. Transfusion of convalescent plasma collected from
donors who have recovered from COVID-19 is among many approaches being studied as potentially
efficacious therapy. We are conducting a prospective, propensity scoreematched study assessing the
efficacy of COVID-19 convalescent plasma transfusion versus standard of care as treatment for severe
and/or critical COVID-19. We present herein the results of an interim analysis of 316 patients enrolled at
Houston Methodist hospitals from March 28 to July 6, 2020. Of the 316 transfused patients, 136 met a
28-day outcome and were matched to 251 non-transfused control COVID-19 patients. Matching criteria
included age, sex, body mass index, comorbidities, and baseline ventilation requirement 48 hours from
admission, and in a second matching analysis, ventilation status at day 0. Variability in the timing of
transfusion relative to admission and titer of antibodies of plasma transfused allowed for analysis in
specific matched cohorts. The analysis showed a significant reduction (P Z 0.047) in mortality within
28 days, specifically in patients transfused within 72 hours of admission with plasma with an anti-spike
protein receptor binding domain titer of �1:1350. These data suggest that treatment of COVID-19 with
high antiereceptor binding domain IgG titer convalescent plasma is efficacious in early-disease
patients. (Am J Pathol 2020, 190: 2290e2303; https://doi.org/10.1016/j.ajpath.2020.08.001)
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Coronavirus disease 2019 (COVID-19), caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
continues to spread globally and cause massive societal
disruption and death. As of August 3, 2020, COVID-19 has
been responsible for >18 million cases and approximately
690,000 deaths worldwide (Johns Hopkins University &
Medicine, https://coronavirus.jhu.edu/map.html, last
accessed August 3, 2020). The United States is in the
midst of a substantial surge of new cases, and despite
months of effort, few treatment options with proven
efficacy for COVID-19 are available. Currently, hundreds
of registered clinical trials are underway, most of which are
assessing antiretroviral agents, anti-inflammatory or
stigative Pathology. Published by Elsevier Inc
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immunosuppressant therapies, and passive antibody
treatments.1e3 The antiretroviral remdesivir, an RNA poly-
merase inhibitor with activity against SARS-associated
coronavirus and Middle East respiratory syndrome corona-
virus,4 has shown promise in a recent randomized controlled
trial,5 reducing recovery time in certain COVID-19 patients.
In addition, dexamethasone was recently shown to reduce
.
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Convalescent Plasma Efficacy Signal
mortality in patients receiving oxygen, including mechani-
cally ventilated patients.6 Many vaccines are in various
stages of development, and one is being studied in a phase 3
trial,7 but it will be at least many months before an effica-
cious vaccine is available.8,9 Thus, although many prophy-
lactic and therapeutic strategies are under investigation, the
primary management of COVID-19 remains supportive
care.

Convalescent plasma therapy has been used to treat pa-
tients during previous coronavirus outbreaks,10e13 the 2009
H1N1 epidemic,14 and the Ebola outbreak.15 Thus, early in
the current pandemic, convalescent plasma therapy was
proposed as a potential therapeutic and prophylactic op-
tion.16 The Food and Drug Administration rapidly made
pathways available for the administration or study of
COVID-19 convalescent plasma, and convalescent plasma
remains the only widely available passive antibody therapy.
Under the federally supported expanded access program
coordinated by Mayo Clinic, as of July 11, 2020, >34,000
patients have been transfused with convalescent plasma
(Mayo Clinic, https://www.uscovidplasma.org, last accessed
July 11, 2020), with minimal adverse events.17 Similar
safety findings have been shown in other studies.18e23

We recently published our early experience with conva-
lescent plasma treatment in 25 patients with severe COVID-
19.19 By day 14 post-transfusion, 19 patients (76%) had
improved or been discharged.19 However, conclusions
regarding efficacy were hindered by lack of a control group,
administration of concomitant antiretroviral and immunosup-
pressant therapies, non-standardization of antieSARS-CoV-2
antibodies in donated plasma, and variation in disease severity
at baseline (day of transfusion) in the plasma recipients.

To further investigate these initial observations, we are
conducting a prospective, propensity scoreematched study
assessing the efficacy of COVID-19 convalescent plasma
transfusion versus standard of care as treatment for severe
and/or critical COVID-19. The study is ongoing, with 316
patients transfused to date. Herein, the results of an interim
analysis are reported. The data suggest that transfusion of
high anti-spike protein receptor binding domain (RBD) IgG
titer convalescent plasma early in hospital admission re-
duces mortality by 28 days post-transfusion.
Materials and Methods

This prospective, ongoing study analyzed data from the
eight Houston Methodist hospitals from March 28, 2020,
through July 6, 2020, with the approval of the Houston
Methodist Research Institute ethics review board and with
informed patient or legally authorized representative con-
sent. Patients were treated under an investigational new
drug application approved by the US Food and Drug
Administration (https://www.fda.gov/emergency-prepar
edness-and-response/mcm-legal-regulatory-and-policy-
framework/emergency-use-authorization, last accessed
The American Journal of Pathology - ajp.amjpathol.org
July 11, 2020). Approval to treat the first patient was
granted on April 3, 2020. Four patients treated under an
emergency investigational new drug application were
approved between March 28, 2020, and April 3, 2020,
and were also included in the analysis.

Patients

COVID-19 patients admitted to any of the eight Houston
Methodist hospitals were considered for enrollment in this
trial. SARS-CoV-2 infection was diagnosed by real-time
RT-PCR test, as described previously.19,24,25 Patients were
eligible for this study if they had severe and/or
life-threatening COVID-19 (US Food and Drug Adminis-
tration, https://www.fda.gov/regulatory-information/search-
fda-guidance-documents/investigational-covid-19-convalescent-
plasma, last accessed July 11, 2020). Severe disease was
defined as one or more of the following: shortness of
breath (dyspnea), respiratory rate �30/minute, blood
oxygen saturation �93% (on room air), partial pressure of
arterial oxygen/fraction of inspired oxygen ratio <300,
and/or pulmonary infiltrates >50% within 24 to 48 hours
(of screening assessment). Life-threatening disease was
defined as one or more of the following: respiratory failure,
septic shock, and/or multiple organ dysfunction or failure.
Patient recruitment early in the study involved investigators
reaching out to treatment teams and patients. As the pandemic
progressed in the Houston metropolitan region and awareness
regarding convalescent plasma as a treatment option increased,
recruitment into the study transitioned to the study in-
vestigators screening requests for enrollment of patients from
treatment teams across the hospital system. Fewer patients
with advanced disease (intubated/on extracorporeal membrane
oxygenation) were enrolled later in the study. Patients were
excluded if: there was a history of prior severe reactions to
transfusion of blood products with imputability of probable or
definite, as defined by the CDC National Healthcare Safety
Network Hemovigilance Module26; they had underlying un-
compensated and untreated end-stage disease; and/or patients
had fluid overload or other conditions that would contraindi-
cate administration of plasma.

Patients were transfused with one or two units of
COVID-19 convalescent plasma. Criteria for a second
transfusion included, but were not limited to: worsening
imaging findings (X-ray/computed tomography) thought to
be due to COVID-19; increasing oxygenation requirement
thought to be due to COVID-19; worsening partial pres-
sure of oxygen/fraction of inspired oxygen ratio thought to
be due to COVID-19; worsening hemodynamic status
thought be due to COVID-19; new end-organ failure
thought to be due to COVID-19; or body mass index >30
kg/m2. As plasma inventory was limited early in the study,
a second unit was not always available. Transfusion of a
second unit was also influenced by patient enrollment in
other trials that prohibited additional doses of convalescent
plasma.
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Table 1 Baseline Characteristics in Cohorts of Secondary Matched Patients

Characteristic

Secondary matched, transfused
within 72 hours of admission

Secondary matched, transfused
>72 hours after admission

Secondary matched, transfused
within 72 hours of admission,
titer �1350

Total Control Case

P value

Total Control Case

P value

Total Control Case

P value(N Z 224) (n Z 112) (n Z 112) (N Z 92) (n Z 61) (n Z 31) (N Z 243) (n Z 158) (n Z 85)

Age, years 0.08 0.73 0.12

<30 16 (7.1) 5 (4.5) 11 (9.8) 3 (3.3) 2 (3.3) 1 (3.2) 16 (6.6) 10 (6.3) 6 (7.1)

30e39 34 (15.2) 15 (13.4) 19 (17.0) 10 (10.9) 6 (9.8) 4 (12.9) 34 (14.0) 18 (11.4) 16 (18.8)

40e49 48 (21.4) 20 (17.9) 28 (25.0) 18 (19.6) 12 (19.7) 6 (19.4) 49 (20.2) 26 (16.5) 23 (27.1)

50e59 54 (24.1) 26 (23.2) 28 (25.0) 26 (28.3) 19 (31.1) 7 (22.6) 65 (26.7) 44 (27.8) 21 (24.7)

60e69 53 (23.7) 33 (29.5) 20 (17.9) 26 (28.3) 18 (29.5) 8 (25.8) 57 (23.5) 43 (27.2) 14 (16.5)

70e79 16 (7.1) 10 (8.9) 6 (5.4) 8 (8.7) 4 (6.6) 4 (12.9) 20 (8.2) 15 (9.5) 5 (5.9)

�80 3 (1.3) 3 (2.7) 0 (0.0) 1 (1.1) 0 (0.0) 1 (3.2) 2 (0.8) 2 (1.3) 0 (0.0)

Sex 0.78 1.00 0.12

Female 88 (39.3) 45 (40.2) 43 (38.4) 39 (42.4) 26 (42.6) 13 (41.9) 99 (40.7) 70 (44.3) 29 (34.1)

Male 136 (60.7) 67 (59.8) 69 (61.6) 53 (57.6) 35 (57.4) 18 (58.1) 144 (59.3) 88 (55.7) 56 (65.9)

Race 0.03 0.71 0.04

White 137 (61.2) 66 (58.9) 71 (63.4) 53 (57.6) 37 (60.7) 16 (51.6) 162 (66.7) 105 (66.5) 57 (67.1)

Black 57 (25.4) 36 (32.1) 21 (18.8) 30 (32.6) 18 (29.5) 12 (38.7) 54 (22.2) 40 (25.3) 14 (16.5)

Asian 14 (6.3) 7 (6.3) 7 (6.3) 7 (7.6) 5 (8.2) 2 (6.5) 13 (5.3) 9 (5.7) 4 (4.7)

Other 9 (4.0) 1 (0.9) 8 (7.1) 2 (2.2) 1 (1.6) 1 (3.2) 9 (3.7) 3 (1.9) 6 (7.1)

Unknown 7 (3.1) 2 (1.8) 5 (4.5) 0 (0.0) 0 (0.0) 0 (0.0) 5 (2.1) 1 (0.6) 4 (4.7)

Ethnicity 0.04 1.00 0.01

Not Hispanic 113 (50.4) 66 (58.9) 47 (42.0) 55 (59.8) 36 (59.0) 19 (61.3) 116 (47.7) 86 (54.4) 30 (35.3)

Hispanic 109 (48.7) 45 (40.2) 64 (57.1) 36 (39.1) 24 (39.3) 12 (38.7) 123 (50.6) 69 (43.7) 54 (63.5)

Unknown 2 (0.9) 1 (0.9) 1 (0.9) 1 (1.1) 1 (1.6) 0 (0.0) 4 (1.6) 3 (1.9) 1 (1.2)

Body mass index,
kg/m2

0.34 0.66 0.89

<30 89 (39.7) 48 (42.9) 41 (36.6) 41 (44.6) 26 (42.6) 15 (48.4) 90 (37.0) 59 (37.3) 31 (36.5)

�30 135 (60.3) 64 (57.1) 71 (63.4) 51 (55.4) 35 (57.4) 16 (51.6) 153 (63.0) 99 (62.7) 54 (63.5)

Hypertension 1.00 0.33 0.24

No 122 (54.5) 61 (54.5) 61 (54.5) 41 (44.6) 25 (41.0) 16 (51.6) 119 (49.0) 73 (46.2) 46 (54.1)

Yes 102 (45.5) 51 (45.5) 51 (45.5) 51 (55.4) 36 (59.0) 15 (48.4) 124 (51.0) 85 (53.8) 39 (45.9)

Diabetes 0.21 0.51 0.07

No 143 (63.8) 67 (59.8) 76 (67.9) 40 (43.5) 28 (45.9) 12 (38.7) 147 (60.5) 89 (56.3) 58 (68.2)

Yes 81 (36.2) 45 (40.2) 36 (32.1) 52 (56.5) 33 (54.1) 19 (61.3) 96 (39.5) 69 (43.7) 27 (31.8)

Chronic pulmonary
disease

0.23 0.68 0.74

No 205 (91.5) 100 (89.3) 105 (93.8) 85 (92.4) 57 (93.4) 28 (90.3) 230 (94.7) 149 (94.3) 81 (95.3)

Yes 19 (8.5) 12 (10.7) 7 (6.3) 7 (7.6) 4 (6.6) 3 (9.7) 13 (5.3) 9 (5.7) 4 (4.7)

Chronic kidney disease 0.37 0.69 0.37

No 202 (90.2) 99 (88.4) 103 (92.0) 79 (85.9) 53 (86.9) 26 (83.9) 214 (88.1) 137 (86.7) 77 (90.6)

Yes 22 (9.8) 13 (11.6) 9 (8.0) 13 (14.1) 8 (13.1) 5 (16.1) 29 (11.9) 21 (13.3) 8 (9.4)

Hyperlipidemia 0.55 0.96 0.82

No 162 (72.3) 79 (70.5) 83 (74.1) 59 (64.1) 39 (63.9) 20 (64.5) 178 (73.3) 115 (72.8) 63 (74.1)

Yes 62 (27.7) 33 (29.5) 29 (25.9) 33 (35.9) 22 (36.1) 11 (35.5) 65 (26.7) 43 (27.2) 22 (25.9)

Coronary disease 0.18 0.74 0.41

No 209 (93.3) 102 (91.1) 107 (95.5) 81 (88.0) 53 (86.9) 28 (90.3) 224 (92.2) 144 (91.1) 80 (94.1)

Yes 15 (6.7) 10 (8.9) 5 (4.5) 11 (12.0) 8 (13.1) 3 (9.7) 19 (7.8) 14 (8.9) 5 (5.9)

Baseline ventilation
status (within 28
hours of
admission)

0.65 0.07 0.80

Room air 9 (4.0) 3 (2.7) 6 (5.4) 4 (4.3) 1 (1.6) 3 (9.7) 12 (4.9) 7 (4.4) 5 (5.9)

Supplemental
oxygen

189 (84.4) 96 (85.7) 93 (83.0) 68 (73.9) 44 (72.1) 24 (77.4) 210 (86.4) 138 (87.3) 72 (84.7)

Mechanical
ventilation

26 (11.6) 13 (11.6) 13 (11.6) 20 (21.7) 16 (26.2) 4 (12.9) 21 (8.6) 13 (8.2) 8 (9.4)

Ventilation status at
day 0

1.00 1.00 0.42

Room air 20 (8.9) 10 (8.9) 10 (8.9) 9 (9.8) 6 (9.8) 3 (9.7) 30 (12.3) 20 (12.7) 10 (11.8)

Low flow 140 (62.5) 70 (62.5) 70 (62.5) 39 (42.4) 26 (42.6) 13 (41.9) 173 (71.2) 116 (73.4) 57 (67.1)

High flow/NIPPV 40 (17.9) 20 (17.9) 20 (17.9) 18 (19.6) 12 (19.7) 6 (19.4) 23 (9.5) 11 (7.0) 12 (14.1)

Mechanical
ventilation

22 (9.8) 11 (9.8) 11 (9.8) 24 (26.1) 16 (26.2) 8 (25.8) 16 (6.6) 10 (6.3) 6 (7.1)

(table continues)
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Table 1 (continued )

Characteristic

Secondary matched, transfused
within 72 hours of admission

Secondary matched, transfused
>72 hours after admission

Secondary matched, transfused
within 72 hours of admission,
titer �1350

Total Control Case

P value

Total Control Case

P value

Total Control Case

P value(N Z 224) (n Z 112) (n Z 112) (N Z 92) (n Z 61) (n Z 31) (N Z 243) (n Z 158) (n Z 85)

ECMO 2 (0.9) 1 (0.9) 1 (0.9) 2 (2.2) 1 (1.6) 1 (3.2) 1 (0.4) 1 (0.6) 0 (0.0)

Deceased 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

ABO blood group <0.001 0.002 <0.001

A 61 (31.6) 23 (28.4) 38 (33.9) 22 (28.6) 13 (28.3) 9 (29.0) 56 (28.9) 27 (24.8) 29 (34.1)

B 19 (9.8) 11 (13.6) 8 (7.1) 9 (11.7) 8 (17.4) 1 (3.2) 28 (14.4) 21 (19.3) 7 (8.2)

AB 5 (2.6) 2 (2.5) 3 (2.7) 2 (2.6) 1 (2.2) 1 (3.2) 4 (2.1) 2 (1.8) 2 (2.4)

O 108 (56.0) 45 (55.6) 63 (56.3) 44 (57.1) 24 (52.2) 20 (64.5) 106 (54.6) 59 (54.1) 47 (55.3)

Rh blood group <0.001 <0.001 <0.001

Negative 19 (8.5) 6 (5.4) 13 (11.6) 8 (8.7) 7 (11.5) 1 (3.2) 16 (6.6) 6 (3.8) 10 (11.8)

Positive 174 (77.7) 75 (67.0) 99 (88.4) 69 (75.0) 39 (63.9) 30 (96.8) 178 (73.3) 103 (65.2) 75 (88.2)

Unknown 31 (13.8) 31 (27.7) 0 (0.0) 15 (16.3) 15 (24.6) 0 (0.0) 49 (20.2) 49 (31.0) 0 (0.0)

IL-6 at day 0, pg/mL 61.0

(24.5e

145.0)

47.0

(10.0e

176.0)

63.0

(32.0e

119.0)

0.13 131.5

(37.0e

419.0)

156.0

(37.0e

229.0)

121.0

(44.0e

684.0)

0.64 56.0

(23.0e

143.0)

50.5

(11.0e

156.0)

62.0

(31.0e

118.0)

0.19

C-reactive protein at
day 0, mg/dL

9.4

(5.3e

17.2)

8.7

(4.3e

18.7)

9.5

(5.6e

16.8)

0.72 12.8

(6.5e

21.1)

10.9

(6.3e

21.4)

13.9

(6.7e

18.8)

0.53 8.7

(4.9e

15.5)

8.1

(4.0e

15.3)

9.4

(5.7e

15.5)

0.32

Ferritin at day 0,
ng/mL

702.0

(301.0e

1280.0)

613.0

(272.0e

1220.0)

735.5

(349.5e

1305.5)

0.43 999.0

(461.0e

1585.0)

897.0

(332.0e

1360.5)

1034.0

(696.0e

2118.0)

0.06 677.5

(302.0e

1309.0)

615.0

(302.0e

1366.0)

702.0

(314.0e

1265.0)

0.92

Fibrinogen at day 0,
mg/dL

620.0

(504.0e

719.0)

609.0

(485.0e

705.0)

623.0

(527.0e

730.0)

0.27 651.0

(503.0e

756.0)

640.5

(511.5e

752.0)

695.0

(503.0e

802.0)

0.62 641.0

(516.0e

740.0)

630.0

(515.0e

756.0)

642.5

(516.0e

732.0)

0.98

D-dimer at day 0,
mg/mL FEU

0.9

(0.6e

1.9)

1.0

(0.7e

2.3)

0.8

(0.5e

1.6)

0.02 1.2

(0.8e

3.2)

1.2

(0.7e

3.0)

1.2

(0.8e

3.6)

0.74 0.9

(0.6e

1.6)

0.9

(0.6e

1.6)

0.8

(0.5e

1.6)

0.10

Concomitant
medication

Any steroids 81 (36.2) 41 (36.6) 40 (35.7) 0.89 45 (48.9) 24 (39.3) 21 (67.7) 0.01 77 (31.7) 54 (34.2) 23 (27.1) 0.26

Dexamethasone 11 (4.9) 4 (3.6) 7 (6.3) 0.54 3 (3.3) 2 (3.3) 1 (3.2) 1.00 9 (3.7) 6 (3.8) 3 (3.5) 1.00

Hydrocortisone 18 (8.0) 10 (8.9) 8 (7.1) 0.62 12 (13.0) 7 (11.5) 5 (16.1) 0.53 16 (6.6) 10 (6.3) 6 (7.1) 0.83

Methylprednisolone 67 (29.9) 33 (29.5) 34 (30.4) 0.88 38 (41.3) 18 (29.5) 20 (64.5) 0.001 59 (24.3) 38 (24.1) 21 (24.7) 0.91

Prednisone 22 (9.8) 12 (10.7) 10 (8.9) 0.65 11 (12.0) 6 (9.8) 5 (16.1) 0.50 29 (11.9) 24 (15.2) 5 (5.9) 0.03

Azithromycin 161 (71.9) 77 (68.8) 84 (75.0) 0.30 62 (67.4) 38 (62.3) 24 (77.4) 0.14 170 (70.0) 107 (67.7) 63 (74.1) 0.30

Hydroxychloroquine 72 (32.1) 45 (40.2) 27 (24.1) 0.01 48 (52.2) 27 (44.3) 21 (67.7) 0.03 84 (34.6) 70 (44.3) 14 (16.5) <0.001

Lopinavir/ritonavir 6 (2.7) 5 (4.5) 1 (0.9) 0.21 8 (8.7) 5 (8.2) 3 (9.7) 1.00 8 (3.3) 8 (5.1) 0 (0.0) 0.053

Remdesivir 30 (13.4) 20 (17.9) 10 (8.9) 0.051 14 (15.2) 13 (21.3) 1 (3.2) 0.03 31 (12.8) 24 (15.2) 7 (8.2) 0.12

Ribavirin 35 (15.6) 25 (22.3) 10 (8.9) 0.01 31 (33.7) 20 (32.8) 11 (35.5) 0.80 28 (11.5) 27 (17.1) 1 (1.2) <0.001

Tocilizumab 90 (40.2) 36 (32.1) 54 (48.2) 0.01 40 (43.5) 20 (32.8) 20 (64.5) 0.004 76 (31.3) 38 (24.1) 38 (44.7) <0.001

Values are in median (IQR) for continuous variables and n (%) for categorical variables. Difference between groups was compared using the Wilcoxon rank-
sum test for continuous variables and c2 or Fisher exact tests for categorical variables, as appropriate.
ECMO, extracorporeal membrane oxygenation; FEU, fibrinogen equivalent units; IQR, interquartile range; NIPPV, noninvasive positive-pressure ventilation.

Convalescent Plasma Efficacy Signal
Convalescent Plasma Donors

The study protocols for convalescent plasma collection have
been described.19,25 Briefly, convalescent plasma was ob-
tained by apheresis and processed by standard blood banking
protocols under Houston Methodist human subjects protocol
PRO00025121. US Food and Drug Administration recom-
mendations for COVID-19 convalescent plasma donor
collection were followed (https://www.fda.gov/vaccines-
blood-biologics/investigational-new-drug-ind-or-device-exe
mption-ide-process-cber/recommendations-investigational-
covid-19-convalescent-plasma#patienteligibility, last accessed
July 11, 2020). Each donor had recovered from laboratory-
confirmed SARS-CoV-2 infection based on a positive RT-
PCR test. All plasma was donated by recovered and
The American Journal of Pathology - ajp.amjpathol.org
healthy COVID-19 patients who had been asymptomatic for
>14 days. Donors were aged between 18 and 65 years, and
all provided written informed consent and tested negative for
SARS-CoV-2 at the time of plasmapheresis. If eligible ac-
cording to standard blood donor criteria, donors were enrolled
in a frequent plasmapheresis program. Donors were docu-
mented to be negative for antiehuman leukocyte antigen
antibodies, hepatitis B, hepatitis C, HIV, human T-cell leu-
kemia virus I/II, Chagas disease, West Nile virus, Zika virus,
and syphilis, per standard blood banking practices.

Convalescent Plasma Titer Assessment (SARS-CoV-2
Enzyme-Linked Immunosorbent Assay)

Convalescent plasma titer assessment was performed as
recently described.19,25 Briefly, purified recombinant
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ectodomain, composed of amino acid residues 1 to 1208,
and/or RBD, composed of amino acids 319 to 591, of the
SARS-CoV-2 spike protein (https://www.ncbi.nlm.nih.
gov/nuccore; GenBank accession number MN908947)
were coated onto microtiter plates. Human monoclonal
antibody CR3022 that targets the RBD of SARS-
associated coronavirus was used as a positive control.27

Negative serum control was included on each microtiter
plate. Serial dilutions of serum were added, incubated for 1
hour, washed, incubated with goat anti-human IgG Fab
horseradish peroxidase (Sigma, St. Louis, MO; A0293),
and washed. Enzyme-linked immunosorbent assay
substrate (1-step Ultra TMB; Thermo Fisher Scientific,
Waltham, MA; catalog number 34028) was added, plates
were developed until the highest dilution reached the
saturation point, and the reaction was stopped with sulfuric
acid. Plates were read at an absorbance of 450 nm.

Statistical Analysis

Patient characteristics and outcomes were reported as fre-
quencies and proportions for categorical variables, and
median and interquartile range or mean and SD for
continuous variables, as appropriate. Differences between
groups (eg, transfused versus non-transfused) were deter-
mined by the Wilcoxon rank-sum test or t-test for contin-
uous variables, and c2 or Fisher exact tests for categorical
variables, as appropriate.

Only patients who met a 28-day outcome, defined as
having outcome data available 28 days post-transfusion
(cases) and 28 days postadmission (controls), were
analyzed. Patients discharged before day 28 were presumed
to be on room air after discharge, unless otherwise noted in
the electronic health record. Baseline patient characteristics
for all COVID-19 patients and for patients who met a 28-
day outcome are shown in Supplemental Table S1.

A one-to-many nearest neighbor propensity score
matching without replacement was conducted using an
initial ratio of case/control Z 1:3 and caliper of 1 between
patients having plasma transfusion (cases) versus patients
who did not have plasma transfusion (controls). The primary
matching criteria included age (categorical, <30, 30 to 39,
40 to 49, 50 to 59, 60 to 69, 70 to 79, and �80 years), sex,
body mass index (<30/�30 kg/m2), diabetes, hypertension,
chronic pulmonary disease, chronic kidney disease, hyper-
lipidemia, coronary disease, and baseline ventilation
requirement within 48 hours from admission. A secondary
propensity score matching the ratio of case/control of either
1:2 or 1:1 and caliper <1 was conducted on the basis of the
ventilation status at day 0, which was defined as the day of
transfusion for cases and the corresponding day in the
hospitalization course for controls28 (Supplemental Table S2).

Variability in the timing of transfusion and the titer of
plasma allowed for analysis in specific matched cohorts.
The following prespecified sub-groups of transfused patients
were also identified and matched with available controls:
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patients transfused with plasma within 72 hours of admis-
sion; patients who were transfused >72 hours after admis-
sion; and patients transfused within 72 hours of admission
with an anti-RBD IgG titer �1:1350 (Table 1). A titer of
�1:1350 was chosen on the basis of previous work that
demonstrated that an anti-RBD IgG 1:1350 indicated an
80% probability of viral neutralization titer �1:160, the
recommended viral neutralization cutoff for COVID-19
convalescent plasma for therapeutic purposes.25 Cohort-
specific propensity score matching runs were executed for
individual cohorts (eg, plasma with all anti-RBD IgG titers,
titer � 1:1350, and titer < 1:1350) to ensure that a balance
of all matching criteria was kept within the individual co-
horts. The cohort-specific secondary propensity score
matches started with a case/control ratio of 1:2 to maximize
precision. The case/control ratio decreased to 1:1 for some
cohorts when there were not enough matched controls
available. A subanalysis comparing outcomes in subgroups
of transfused patients with each other rather than with
matched controls was also conducted. One subgroup was
added based on post-hoc assessment of the matched data:
patients transfused after 72 hours of admission with plasma
with an anti-RBD titer <1:1350.
The primary outcome, mortality within 28 days post-day

0, is depicted by the Kaplan-Meier curves. Differences
between groups were compared using the log-rank test.
Cox proportional hazards modeling (with clustered sand-
wich estimator option for the matched cluster in the
propensity-matched cohorts) was performed to determine
the characteristics associated with the overall mortality
within 28 days. Variables for the multivariable models
were selected on the basis of potential clinical relevance
and by the Stata Lasso technique with the cross-validation
selection option.29,30

Generalized linear model and multinomial logistic
regression with cluster variance estimator were also used to
evaluate several exploratory end points. The evaluated
covariates included: supplemental oxygen requirements
(room air, low-flow oxygen delivery, high-flow oxygen
delivery, noninvasive positive pressure ventilation, me-
chanical ventilation, extracorporeal membrane oxygenation,
or death) at day 7, day 14, and day 28 post-transfusion;
clinical improvement relative to day 0; intensive care unit
stay requirement; intensive care unit length of stay; me-
chanical ventilation requirement; length of mechanical
ventilation requirement; length of supplemental oxygen
requirement; and inflammatory marker levels (IL-6, C-
reactive protein, ferritin, fibrinogen, and D-dimer) at day 7.
Clinical improvement relative to day 0 was defined as a one-
point improvement in ordinal scale [1, discharged (alive); 2,
hospitalized, not requiring supplemental oxygen but
requiring ongoing medical care (for COVID-19 or other-
wise); 3, hospitalized, requiring low-flow supplemental
oxygen; 4, hospitalized, on noninvasive ventilation or high-
flow oxygen devices; 5, hospitalized and on invasive me-
chanical ventilation or extracorporeal membrane
ajp.amjpathol.org - The American Journal of Pathology
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387 matched patients

251 not transfused136 transfused

695 unmatched

Propensity score matching

2724 COVID-19 patients evaluated

2408 not transfused316 transfused

1082 had reached 28-day outcome

1642 had not yet 
reached 28-day outcome

Figure 1 Flowchart of the study population. Propensity score matching
was based on patient age (categorical, per 10 years), sex, body mass index
(categorical, �30 kg/m2), diabetes, hypertension, chronic pulmonary dis-
ease, chronic kidney disease, hyperlipidemia, and coronary disease, and
baseline ventilation status within 48 hours of admission (room air, sup-
plemental oxygen, and mechanical ventilation). After establishing the first
propensity scoreematched cohort and obtaining day 0 for controls, a
second match was run between cases and controls based on the ventilation
status at day 0. COVID-19, coronavirus disease 2019.
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oxygenation; and 6, death]. All analyses were performed
with Stata version 16.1 (StataCorp LLC, College Station,
TX). P � 0.05 was considered significant.

Results

Study Population and Baseline Characteristics

In this study, data from 2724 admitted COVID-19 patients
were available for analysis, 316 of whom were transfused
with COVID-19 convalescent plasma (Figure 1). Baseline
characteristics of all admitted COVID-19 patients are shown
(Supplemental Table S1). Relative to non-transfused pa-
tients, transfused patients generally were younger, were
predominantly male, had a higher body mass index, had
lower rates of comorbidities (specifically, chronic pulmo-
nary disease, chronic kidney disease, hyperlipidemia, cor-
onary disease, and hypertension, but not diabetes), had a
higher requirement for supplemental oxygen, and had higher
inflammatory marker concentrations. Use of steroids, azi-
thromycin, and tocilizumab was more common among the
transfused cohort, but use of remdesivir was not. Most
transfused patients (242/316; 76%) received only one unit of
COVID-19 convalescent plasma. Most patients received an
initial or sole unit of convalescent plasma with anti-RBD
IgG titer of �1:1350 (284/316; 90%); 22 patients received
an initial or sole unit of convalescent plasma with an anti-
RBD IgG titer >1:150 but <1:1350; 8 patients received
an initial or sole unit of convalescent plasma with anti-RBD
IgG titer of <1:150; and for 2 patients, a sample for
assessment of the anti-RBD IgG titer was not available. For
patients who received a second unit of convalescent plasma,
70 (70/74; 95%) received a second unit with an anti-RBD
IgG titer �1:1350, and 4 (4/74; 5%) patients received a
second unit with an anti-RBD IgG titer >1:150 but <1:1350.

Initial propensity score matching yielded a study popu-
lation of 145 transfused patients and 435 matched controls.
This primary propensity score matching, including
requirement for supplemental oxygen or mechanical venti-
lation within 48 hours of admission, yielded a significant
difference between the case and control cohort with respect
to ventilation status at day 0: 35% of controls were on room
air at day 0 compared with only 9% of cases. Table 1 and
Supplemental Table S2 present the baseline characteristics
of cohorts after secondary matching for ventilation status at
day 0, which were balanced in all matching criteria. After
this secondary matching, there were 136 transfused patients
matched to 251 controls (Figure 1).

Outcomes

A decreased probability of death within 28 days post-day
0 was observed in the transfused cohort relative to pro-
pensity scoreematched controls, although the difference did
not reach statistical significance (Figure 2A). We hypothe-
sized that transfusion early in hospitalization is more
The American Journal of Pathology - ajp.amjpathol.org
beneficial than transfusion later. Consistent with the hy-
pothesis, relative to matched controls, patients transfused
within 72 hours of hospital admission had decreased mor-
tality within 28 days, whereas patients transfused after 72
hours of hospital admission did not. The decreased mortality
was improved and reached significance (P Z 0.047) when
only patients who received a plasma transfusion with an
anti-RBD IgG titer of �1:1350 (high titer) within 72 hours
of hospital admission were considered (Figure 2, BeD).

Point estimates of the various outcomes confirm these
findings (Table 2). Compared with patients who received
plasma transfusion within 72 hours of hospitalization, con-
trol patients were more likely to have a higher risk of
mortality within 28 days [relative risk (RR), 3.50; 95% CI,
0.87e14.08; P Z 0.08] and overall mortality with no time
constraints (RR, 3.33; 95% CI, 1.01e10.98; P Z 0.048).
Risk of overall mortality, and mortality within 28 days in
non-transfusion patients, was significantly higher when
compared with patients who received plasma transfusion
with an anti-RBD IgG titer of �1:1350 (high titer) within 72
hours of hospital admission (RR, 7.53; 95% CI,
1.12e50.46; PZ 0.04; and RR, 5.92; 95% CI, 0.90e38.84;
2295
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Figure 2 Kaplan-Meier curves for mortality
within 28 days post-day 0 for secondary matched
cohorts. A: All secondary matched patients. B:
Secondary matched patients transfused within 72
hours of admission. C: Secondary matched pa-
tients transfused >72 hours after admission.
D: Secondary matched patients transfused
within 72 hours of admission with plasma with
antiereceptor binding domain IgG titer �1:1350.
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P Z 0.06, respectively). There was no reduction in the risk
of mortality within 28 days or mortality with no time con-
straints when patients were transfused >72 hours after
admission (RR, 0.89; 95% CI, 0.24e3.30; P Z 0.86; and
RR, 0.81; 95% CI, 0.25e2.69; P Z 0.74, respectively).

Additional outcomes assessed between matched cohorts
are shown in Table 2. Secondary matched patients trans-
fused within 72 hours of admission with plasma with an
anti-RBD IgG titer �1:1350 had decreased overall mortality
with no time constraints, decreased intensive care unit
requirement post-day 0, and increased clinical improvement
at day 14 and day 28, despite a higher proportion of patients
being on high-intensity oxygen therapy (high flow/nonin-
vasive positive-pressure ventilation) at day 0 and increased
need for supplemental oxygen post-day 0.

A subanalysis comparing outcomes in subgroups of
transfused patients rather than with matched controls showed
findings consistent with transfusion earlier in the hospital
stay, with high titer convalescent plasma being more benefi-
cial, although the number of events (mortality) was small in
these subgroups (Supplemental Figure S1 and Supplemental
Tables S3 and S4). Specifically, compared with patients
who received plasma transfusion within 72 hours, patients
who received plasma transfusion >72 hours after admission
had a significantly higher risk of mortality within 28 days
(RR, 7.19; 95% CI, 1.38e37.48; PZ 0.02) and of mortality
analyzed with no time constraints (RR, 5.99; 95% CI,
1.51e23.73;PZ 0.01). Relative to patients transfusedwithin
72 hours of admission with anti-RBD IgG plasma with a titer
�1:1350, patients transfused>72 hours after admission with
anti-RBD IgG plasma with a titer<1:1350 had a significantly
higher risk of mortality within 28 days (RR, 9.4; 95% CI,
2296
1.48e59.69; P Z 0.02) and of mortality with no time con-
straints (RR, 14.1; 95% CI, 2.66e74.61; PZ 0.02).
Univariate and Multivariate Analysis

In propensity scoreematched patients, univariate analysis
indicated that factors associated with higher mortality were
advanced age, hypertension, diabetes, chronic kidney dis-
ease, coronary disease, higher IL-6, higher D-dimer, and use
of any steroid, ribavirin, or tocilizumab. Multivariate anal-
ysis, in a model excluding variables that were used in the
propensity score match, showed that the risk of mortality
within 28 days was increased in patients who were not
transfused with convalescent plasma (regardless of titer or
timing), with a trend toward significance (adjusted hazard
ratio, 2.73; 95% CI, 1e7.48; P Z 0.051) (Supplemental
Tables S5 and S6). Multivariate analysis is not yet
possible with the various subanalysis cohorts, including
those patients transfused with high-titer plasma within 72
hours of admission, due to low number of events (deaths),
overall.
Discussion

Tens of thousands of COVID-19 patients in the United
States have now been transfused with convalescent plasma.
This treatment has been documented to be safe; however,
few controlled studies that assess efficacy have been pub-
lished. Herein, the results of interim analysis of a prospec-
tive, ongoing matched study are provided. In aggregate, the
data suggest that transfusion of high anti-RBD IgG titer
ajp.amjpathol.org - The American Journal of Pathology
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convalescent plasma early in the hospital course signifi-
cantly reduces mortality. Several lines of evidence support
this conclusion, including survival analysis of specific co-
horts of transfused patients relative to matched controls,
point estimates from generalized linear model and multi-
nomial logistic regression, multivariate analysis, and com-
parisons of outcomes in different cohorts of transfused
patients.

These results are also consistent with previous stud-
ies.28,31e34 A recent randomized clinical trial of 101 cases
and controls examined clinical improvement up to 28 days
post-transfusion, and found that 52% of plasma recipients
had improvement versus 43.1% of the control group.34

Although no significant difference in 28-day mortality was
observed, the conclusions were limited by early termination
of the study because of low enrollment as the regional
outbreak waned.34 A second study examined efficacy in 39
patients compared with retrospectively matched controls.28

The results showed that patients receiving convalescent
plasma therapy had improved survival and supplementary
oxygen requirements at day 14 post-transfusion compared
with non-transfused controls. In a smaller study by Heger-
ova et al,33 20 COVID-19 patients who received convales-
cent plasma had improved laboratory and respiratory
parameters compared with matched controls, and in both
matched control studies, nonintubated patients benefited
more from transfusion than intubated patients.28,33

Early in the pandemic, convalescent plasma was admin-
istered under emergency use protocols without knowledge
of donor plasma antibody or virus neutralization titers. For
donor plasma, the US Food and Drug Administration has
recommended a virus neutralization titer of at least 1:160
(https://www.fda.gov/vaccines-blood-biologics/investigatio
nal-new-drug-ind-or-device-exemption-ide-process-cber/
recommendations-investigational-covid-19-convalescent-
plasma#patienteligibility, last access July 11, 2020). It was
recently demonstrated that the probability of having a virus
neutralization titer �160 was >80% with plasma anti-RBD
or anti-ectodomain titers of �1:1350.25 Thus, when these
data were generated, and as the pool of high titer donors
grew, this study changed to transfusing only plasma with at
least this titer of anti-RBD IgG. This evolving approach
permitted the retrospective comparison of outcomes in
different cohorts of patients with respect to the titer anti-RBD
IgG of plasma received. This finding that high anti-RBD IgG
titer plasma is more efficacious is consistent with work
showing that the RBD of the spike protein is the important
region for angiotensin-converting enzyme 2 receptor binding
and host entry by SARS-CoV-2,35,36 and that anti-RBD IgG
titer correlates with in vitro virus neutralization.25

Passive antibody therapy is thought to have higher effi-
cacy when administered early in the course of an infectious
disease.37 Analysis of 80 patients in Hong Kong during the
2003 SARS epidemic showed a significant benefit to earlier
administration of convalescent plasma. Patients given
plasma within 14 days of illness had a higher 22-day
The American Journal of Pathology - ajp.amjpathol.org
discharge rate than those given plasma beyond 14 days of
symptoms (P Z 0.001).10 Data from 20,000 transfused
COVID-19 patients support the notion that transfusion
earlier in the clinical course is more beneficial.38 A recent
study from the Netherlands showed that at the time of
transfusion (median, 10 days post-symptom onset), many
(80%) of the COVID-19 patients already had detectable
neutralizing antibody titers, although the titer of transfused
plasma units was higher than that found in recipients32; the
study was discontinued as a result of this finding. In addi-
tion, analysis of nine patients (five not receiving convales-
cent plasma) with low titers on day 1 (<1:160) showed that
all nine had a fourfold increase in titers by day 7. The au-
thors concluded that patients with recent symptom onset
should be targeted for convalescent plasma therapy.28,33

Consistent with these observations, in our analysis, pa-
tients transfused with high-titer plasma within 72 hours of
admission saw the most benefit. The finding of a trend to-
ward worse ventilation status at day 7 post-transfusion in
those patients transfused >72 hours after admission relative
to matched controls (Table 2) may indicate that the risk/
benefit ratio of convalescent plasma is different later in the
course of the disease.

This analysis has implications for collection, use, and
study of COVID-19 convalescent plasma. In our experience,
many requests for convalescent plasma are for patients who
have already received other therapies and are late in their
disease course. Although in the aggregate convalescent
plasma is a safe therapy, these data argue that careful
consideration should be given to the potential risks and
benefits given the clinical context, as transfusion may only
be beneficial early in the clinical course. Substantial efforts
are underway in the United States to collect COVID-19
convalescent plasma. These data indicate that assessment of
antibody titer through a viral neutralization assay or a sur-
rogate thereof is likely to identify donors and plasma units
that are most likely to be beneficial. Clinical trials are
ongoing in many centers, and the data presented herein may
inform the assessment of equipoise in their design and
conduct.39e42

This study has several limitations. First, although the
patient sample size is large, it is an interim analysis of an
ongoing study. Second, it is not a randomized, controlled
trial, but rather a propensity scoreematched analysis.
Although every effort was made to control for important
covariates, it is not yet possible to match for all potentially
relevant covariates, given the sample sizes. Because race,
ethnicity, inflammatory markers, ABO type, and concomi-
tant medications were not included in the match parameters,
there were statistically significant differences in these
characteristics among the various cohorts. The background
standard of care for COVID-19 is evolving as new data
emerge. In this matched cohort of patients transfused with
high-titer plasma within 72 hours of admission, there were
significant differences in the use of prednisone (higher in
non-transfused patients), hydroxychloroquine (higher in
2297
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Table 2 Outcomes Summary

Variable

Secondary matched, transfused within 72 hours of admission
Secondary matched, transfused >72 hours
after admission Secondary matched, transfused within 72 hours of admission, titer �1350

Total Control Case PE

P value

Total Control Case PE

P value

Total Control Case PE

P value(N Z 224) (n Z 112) (n Z 112) (95% CI)* (N Z 92) (n Z 61) (n Z 31) (95% CI)* (N Z 243) (n Z 158) (n Z 85) (95% CI)*

Disposition, 28 days
Still admitted 6 (2.7) 4 (3.6) 2 (1.8) 2.18

(0.38 to 12.57)

0.38 1 (1.1) 1 (1.6) 0 (0.0) 6 (2.5) 4 (2.5) 2 (2.4) 1.17 (0.20

to 6.73)

0.86

Discharge 205 (91.5) 98 (87.5) 107 (95.5) BO 78 (84.8) 52 (85.2) 26 (83.9) BO 222 (91.4) 140 (88.6) 82 (96.5) BO

Death 13 (5.8) 10 (8.9) 3 (2.7) 3.64

(1.05 to 12.62)

0.04 13 (14.1) 8 (13.1) 5 (16.1) 0.80

(0.20 to 3.27)

0.76 15 (6.2) 14 (8.9) 1 (1.2) 8.20 (1.19

to 56.36)

0.03

Overall mortality with no
time constraints

3.33

(1.01 to 10.98)

0.048 0.81

(0.25 to 2.69)

0.74 7.53 (1.12

to 50.46)

0.04

Alive 211 (94.2) 102 (91.1) 109 (97.3) 79 (85.9) 53 (86.9) 26 (83.9) 228 (93.8) 144 (91.1) 84 (98.8)

Dead 13 (5.8) 10 (8.9) 3 (2.7) 13 (14.1) 8 (13.1) 5 (16.1) 15 (6.2) 14 (8.9) 1 (1.2)

Overall mortality within
28 days post-day 0

3.50

(0.87 to 14.08)

0.08 0.89

(0.24 to 3.30)

0.86 5.92 (0.90

to 38.84)

0.06

Alive 215 (96.0) 105 (93.8) 110 (98.2) 81 (88.0) 54 (88.5) 27 (87.1) 231 (95.1) 147 (93.0) 84 (98.8)

Dead 9 (4.0) 7 (6.3) 2 (1.8) 11 (12.0) 7 (11.5) 4 (12.9) 12 (4.9) 11 (7.0) 1 (1.2)

Length of stay post-day
0, days

5.8

(3.0 to

11.8)

5.6

(2.7 to

11.3)

5.8

(3.7 to

13.1)

0.19

(�2.78 to 3.16)

0.9 10.1

(5.6 to

15.6)

7.5

(4.6 to

11.6)

11.7

(7.8 to

20.7)

�2.73

(�6.83 to 1.37)

0.19 5.4 (2.9

to 11.1)

5.7 (2.7

to 11.1)

5.1 (3.0

to 11.1)

1.83 (�0.87

to 4.53)

0.19

Required ICU post-day 0 1.25

(0.99 to 1.57)

0.06 1.07

(0.85 to 1.34)

0.57 1.39 (1.01

to 1.90)

0.04

No 125 (55.8) 57 (50.9) 68 (60.7) 30 (32.6) 19 (31.1) 11 (35.5) 150 (61.7) 91 (57.6) 59 (69.4)

Yes 99 (44.2) 55 (49.1) 44 (39.3) 62 (67.4) 42 (68.9) 20 (64.5) 93 (38.3) 67 (42.4) 26 (30.6)

ICU length of stay post-
day 0, days

11.1 � 11.5 10.2 � 12.3 12.2 � 10.4 �2.04

(�6.68 to 2.60)

0.39 11.0 � 9.9 10.1 � 10.2 12.9 � 9.2 �2.79

(�7.85 to 2.26)

0.28 10.4 � 9.9 9.7 � 9.6 12.1 � 10.5 �2.33 (�6.95

to 2.30)

0.32

Mechanical ventilation
requirement, post-
day 0

1.13

(0.76 to 1.66)

0.55 0.86

(0.59 to 1.24)

0.41 1.57 (0.99

to 2.49)

0.054

No 173 (77.2) 85 (75.9) 88 (78.6) 49 (53.3) 34 (55.7) 15 (48.4) 192 (79.0) 120 (75.9) 72 (84.7)

Yes 51 (22.8) 27 (24.1) 24 (21.4) 43 (46.7) 27 (44.3) 16 (51.6) 51 (21.0) 38 (24.1) 13 (15.3)

Mechanical
ventilationpost-day
0 if required, days

19.5 � 18.3 20.7 � 22.9 18.2 � 11.6 2.47

(�7.55 to 12.50)

0.63 17.8 � 16.5 17.5 � 19.5 18.2 � 10.3 �0.69

(�8.38 to 7.00)

0.86 21.0 � 19.7 20.5 � 21.7 22.5 � 12.8 �2.02 (�11.49

to 7.45)

0.68

Supplemental oxygen
post-day 0

0.97

(0.91 to 1.03)

1.02

(0.94 to 1.09)

0.67 0.94 (0.89

to 0.99)

0.02

No 29 (12.9) 16 (14.3) 13 (11.6) 29 (31.5) 19 (31.1) 10 (32.3) 32 (13.2) 24 (15.2) 8 (9.4)

Yes 195 (87.1) 96 (85.7) 99 (88.4) 0.32 63 (68.5) 42 (68.9) 21 (67.7) 211 (86.8) 134 (84.8) 77 (90.6)

Supplemental oxygen
post-day 0 if required,
days

4.4 � 4.7 4.0 � 4.8 4.8 � 4.5 �0.81

(�2.18 to 0.57)

0.25 4.7 � 3.8 4.1 � 3.3 5.9 � 4.4 �1.77

(�3.99 to 0.44)

0.12 4.5 � 5.8 4.6 � 6.7 4.4 � 4.1 0.15 (�1.37

to 1.67)

0.85

Ventilation status at day
0

(table continues)
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Table 2 (continued )

Variable

Secondary matched, transfused within 72 hours of admission
Secondary matched, transfused >72 hours
after admission Secondary matched, transfused within 72 hours of admission, titer �1350

Total Control Case PE

P value

Total Control Case PE

P value

Total Control Case PE

P value(N Z 224) (n Z 112) (n Z 112) (95% CI)* (N Z 92) (n Z 61) (n Z 31) (95% CI)* (N Z 243) (n Z 158) (n Z 85) (95% CI)*

Room air 20 (8.9) 10 (8.9) 10 (8.9) 9 (9.8) 6 (9.8) 3 (9.7) BO 30 (12.3) 20 (12.7) 10 (11.8) BO

Low flow 140 (62.5) 70 (62.5) 70 (62.5) 39 (42.4) 26 (42.6) 13 (41.9) 1.00

(0.21 to 4.65)

1 173 (71.2) 116 (73.4) 57 (67.1) 1.02 (0.99

to 1.04)

0.16

High flow/NIPPV 40 (17.9) 20 (17.9) 20 (17.9) 18 (19.6) 12 (19.7) 6 (19.4) 1.00

(0.18 to 5.46)

1 23 (9.5) 11 (7.0) 12 (14.1) 0.46 (0.39

to 0.54)

<0.001

Mechanical ventilation 22 (9.8) 11 (9.8) 11 (9.8) 24 (26.1) 16 (26.2) 8 (25.8) 1.00

(0.20 to 5.08)

1 16 (6.6) 10 (6.3) 6 (7.1) 0.83 (0.66

to 1.05)

0.12

ECMO 2 (0.9) 1 (0.9) 1 (0.9) 2 (2.2) 1 (1.6) 1 (3.2) 0.50

(0.02 to 11.09)

0.66 1 (0.4) 1 (0.6) 0 (0.0)

Death 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Ventilation status at day
7

Room air 133 (59.4) 70 (62.5) 63 (56.3) BO 39 (42.4) 31 (50.8) 8 (25.8) BO 162 (66.7) 107 (67.7) 55 (64.7) BO

Low flow 27 (12.1) 10 (8.9) 17 (15.2) 0.53

(0.22 to 1.28)

0.16 8 (8.7) 4 (6.6) 4 (12.9) 0.26

(0.04 to 1.70)

0.16 23 (9.5) 12 (7.6) 11 (12.9) 0.56 (0.22

to 1.46)

0.24

High flow/NIPPV 14 (6.3) 5 (4.5) 9 (8.0) 0.50

(0.16 to 1.60)

0.24 6 (6.5) 2 (3.3) 4 (12.9) 0.13

(0.03 to 0.65)

0.01 15 (6.2) 9 (5.7) 6 (7.1) 0.77 (0.29

to 2.03)

0.6

Mechanical ventilation 41 (18.3) 23 (20.5) 18 (16.1) 1.15

(0.65 to 2.03)

0.63 33 (35.9) 20 (32.8) 13 (41.9) 0.40

(0.16 to 0.98)

0.04 39 (16.0) 27 (17.1) 12 (14.1) 1.16 (0.61

to 2.19)

0.66

ECMO 6 (2.7) 2 (1.8) 4 (3.6) 0.45

(0.08 to 2.54)

0.37 4 (4.3) 2 (3.3) 2 (6.5) 0.26

(0.03 to 2.33)

0.23 3 (1.2) 2 (1.3) 1 (1.2) 1.03 (0.26

to 4.13)

0.97

Death 3 (1.3) 2 (1.8) 1 (0.9) 1.80

(0.43 to 7.50)

0.42 2 (2.2) 2 (3.3) 0 (0.0) 1 (0.4) 1 (0.6) 0 (0.0)

Ventilation status at day
14

Room air 180 (80.4) 90 (80.4) 90 (80.4) BO 57 (62.0) 43 (70.5) 14 (45.2) BO 200 (82.3) 127 (80.4) 73 (85.9) BO

Low flow 4 (1.8) 1 (0.9) 3 (2.7) 0.33

(0.03 to 3.31)

0.35 3 (3.3) 1 (1.6) 2 (6.5) 0.16

(0.01 to 2.00)

0.16 4 (1.6) 2 (1.3) 2 (2.4) 0.57 (0.08

to 4.17)

0.58

High flow/NIPPV 3 (1.3) 1 (0.9) 2 (1.8) 0.50

(0.04 to 5.74)

0.58 0 (0.0) 0 (0.0) 0 (0.0) 0.33

(0.15 to 0.73)

0.01 3 (1.2) 2 (1.3) 1 (1.2) 1.15 (0.10

to 12.90)

0.91

Mechanical ventilation 28 (12.5) 13 (11.6) 15 (13.4) 0.87

(0.41 to 1.81)

0.7 22 (23.9) 11 (18.0) 11 (35.5) 0.33

(0.02 to 5.77)

0.44 29 (11.9) 20 (12.7) 9 (10.6) 1.28 (0.55

to 2.95)

0.57

ECMO 3 (1.3) 2 (1.8) 1 (0.9) 2.00

(0.18 to 22.75)

0.58 2 (2.2) 1 (1.6) 1 (3.2) 0.54

(0.09 to 3.20)

0.5 1 (0.4) 1 (0.6) 0 (0.0)

Death 6 (2.7) 5 (4.5) 1 (0.9) 5.00

(0.85 to 29.46)

0.08 8 (8.7) 5 (8.2) 3 (9.7) 6 (2.5) 6 (3.8) 0 (0.0)

Ventilation status at day
28

Room air 200 (89.3) 97 (86.6) 103 (92.0) 74 (80.4) 49 (80.3) 25 (80.6) BO 212 (87.2) 134 (84.8) 78 (91.8) BO

Low flow 1 (0.4) 1 (0.9) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 2 (0.8) 2 (1.3) 0 (0.0)

High flow/NIPPV 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0.97 (0.35

to 2.66)

0.95

Mechanical ventilation 11 (4.9) 5 (4.5) 6 (5.4) 0.88

(0.29 to 2.75)

0.83 6 (6.5) 4 (6.6) 2 (6.5) 1.02

(0.16 to 6.52)

0.98 16 (6.6) 10 (6.3) 6 (7.1)

(table continues)
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Table 2 (continued )

Variable

Secondary matched, transfused within 72 hours of admission
Secondary matched, transfused >72 hours
after admission Secondary matched, transfused within 72 hours of admission, titer �1350

Total Control Case PE

P value

Total Control Case PE

P value

Total Control Case PE

P value(N Z 224) (n Z 112) (n Z 112) (95% CI)* (N Z 92) (n Z 61) (n Z 31) (95% CI)* (N Z 243) (n Z 158) (n Z 85) (95% CI)*

ECMO 3 (1.3) 2 (1.8) 1 (0.9) 2.12

(0.18 to 24.49)

0.55 1 (1.1) 1 (1.6) 0 (0.0) 1 (0.4) 1 (0.6) 0 (0.0)

Death 9 (4.0) 7 (6.3) 2 (1.8) 3.72

(0.89 to 15.51)

0.07 11 (12.0) 7 (11.5) 4 (12.9) 0.89

(0.20 to 4.02)

0.88 12 (4.9) 11 (7.0) 1 (1.2) 6.40 (0.97

to 42.37)

0.054

Clinical improvement
relative to day 0 at
day 7

1.07

(0.89 to 1.29)

0.45 1.86

(1.07 to 3.25)

0.03 0.95 (0.80

to 1.12)

0.53

No 85 (37.9) 40 (35.7) 45 (40.2) 50 (54.3) 28 (45.9) 22 (71.0) 83 (34.2) 56 (35.4) 27 (31.8)

Yes 139 (62.1) 72 (64.3) 67 (59.8) 42 (45.7) 33 (54.1) 9 (29.0) 160 (65.8) 102 (64.6) 58 (68.2)

Clinical improvement
relative to day 0 at
day 14

0.96

(0.86 to 1.07)

0.44 1.56

(1.06 to 2.30)

0.03 0.88 (0.78

to 0.98)

0.02

No 42 (18.8) 23 (20.5) 19 (17.0) 35 (38.0) 18 (29.5) 17 (54.8) 46 (18.9) 36 (22.8) 10 (11.8)

Yes 182 (81.3) 89 (79.5) 93 (83.0) 57 (62.0) 43 (70.5) 14 (45.2) 197 (81.1) 122 (77.2) 75 (88.2)

Clinical improvement
relative to day 0 at
day 28

0.92

(0.84 to 1.01)

0.08 0.98

(0.78 to 1.22)

0.83 0.88 (0.81

to 0.96)

0.01

No 26 (11.6) 17 (15.2) 9 (8.0) 19 (20.7) 13 (21.3) 6 (19.4) 37 (15.2) 30 (19.0) 7 (8.2)

Yes 198 (88.4) 95 (84.8) 103 (92.0) 73 (79.3) 48 (78.7) 25 (80.6) 206 (84.8) 128 (81.0) 78 (91.8)

IL-6 d (day 7-day 0),
pg/mL

36.0

(�56.0 to

600.0)

�4.0

(�69.0 to

334.0)

39.0

(�50.0 to

885.0)

8.13

(�927.39 to

943.66)

0.99 108.0

(�6.0 to

931.0)

108.0

(�112.0 to

1397.0)

135.5

(0.5 to

752.0)

334.51

(�834.70 to

1503.72)

0.58 39.5 (�34.0

to 619.0)

�4.0 (�35.0

to 218.0)

95.0 (�15.0

to 886.0)

�44.16

(�994.43

to 906.10)

0.93

C-reactive protein d (day
7-day 0), mg/dL

�9.9

(�19.0

to �2.9)

�11.9

(�22.3 to

�2.2)

�8.2

(�16.9 to

�3.0)

�1.66

(�6.44 to 3.12)

0.5 �4.6

(�15.3 to

2.9)

�6.8

(�13.7

to �2.2)

�1.0

(�16.8

to 6.1)

�6.71

(�16.19 to 2.76)

0.17 �7.7 (�17.6

to �1.8)

�7.3 (�16.3

to �1.5)

�8.7 (�19.7

to �3.1)

2.92 (�2.47

to 8.31)

0.29

Ferritin d (day 7-day 0),
ng/mL

�14.0

(�419.0

to 325.0)

�48.0

(�658.0 to

268.0)

16.5

(�233.0 to

426.0)

207.42

(�1009.76 to

1424.60)

0.74 72.5

(�229.0 to

492.0)

�48.0

(�438.0

to 201.0)

400.0

(37.0 to

871.0)

�1240.42

(�2473.33 to

�7.51)

0.049 �34.0 (�323.0

to 149.0)

�47.0 (�438.0

to 130.0)

0.5 (�294.5

to 345.5)

�36.98

(�692.67

to 618.70)

0.91

Fibrinogen d (day
7-day 0), mg/dL

�208.0

(�381.5

to �51.0)

�219.0

(�376.0 to

�48.0)

�197.0

(�387.0 to

�63.0)

�22.83

(�142.72 to

97.06)

0.71 �94.0

(�401.0

to 1.0)

�401.0

(�426.0

to �94.0)

9.5

(�172.0

to 209.0)

�334.63

(�575.73 to

�93.52)

0.01 �194.0 (�376.0

to �48.0)

�192.0 (�324.0

to �37.0)

�241.0

(�408.0

to �67.0)

28.87

(�126.77

to 184.51)

0.72

D-dimer d (day 7-day 0),
mg/mL FEU

0.2

(�0.3 to

2.5)

0.2

(�0.4 to

2.4)

0.2

(�0.2 to

2.6)

�1.36

(�3.64 to 0.92)

0.24 1.1

(0.0 to

2.8)

0.7

(�0.1

to 2.8)

1.3

(0.3 to

4.4)

�2.24

(�4.49 to 0.01)

0.051 0.2 (�0.3

to 1.7)

0.1 (�0.5

to 1.5)

0.5 (�0.2

to 1.9)

�2.11 (�4.65

to 0.43)

0.1

Values are in median (IQR) for continuous variables and n (%) for categorical variables.
*PE obtained from the generalized linear models (for binary and continuous dependent variables) or multinomial logistic regression (for categorical dependent variables), which is risk ratio of outcome in non-

transfusion versus transfusion (if categorical outcomes) or coefficient of outcome in non-transfusion versus transfusion (if continuous outcomes).
BO, base outcome; ECMO, extracorporeal membrane oxygenation; FEU, fibrinogen equivalent units; ICU, intensive care unit; IQR, interquartile range; NIPPV, noninvasive positive-pressure ventilation; PE, point

estimate.
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Convalescent Plasma Efficacy Signal
non-transfused patients), ribavirin (higher in non-transfused
patients), and tocilizumab (higher in transfused patients).
Thus, this study has not yet completely addressed the po-
tential for variations in background standard of care and
period effect as sources of confounding in our data set,
although a significant difference in the distribution of date
of death over the study period between overall secondary-
matched cases and controls is not observed. As our popu-
lation of cases and controls who meet a 28-day outcome
increases, additional matching approaches may be included,
and these may impact future findings. Third, the strict
matching criteria used in this study resulted in small sample
sizes in the subanalyses, prohibiting multivariate analysis.
Fourth, there was heterogeneity in the administration of two
transfusions versus one based on inventory limitations early
in the study and on patient enrollment in other trials that
excluded redosing of convalescent plasma. Fifth, this study
did not exclude non-transfused control patients if they were
enrolled in other clinical trials. This is likely to be a small
minority of control patients, as all clinical trials for COVID-
19 therapies in our system, other than convalescent plasma,
were only offered at our flagship hospital in the Texas
Medical Center. Access to these enrollment lists in the
future will allow for such exclusion. Sixth, this interim
analysis was based on data available in the electronic health
record. Finally, the results reflect the experience of a system
of eight hospitals in the Houston metropolitan region and
may not be applicable to all centers. However, it is notable
that our hospital system serves a metropolitan region with a
highly diverse population of 7 million people.

In conclusion, this interim propensity scoreematched
analysis suggests that transfusion of high anti-RBD IgG titer
COVID-19 convalescent plasma early in hospitalization
reduces mortality in COVID-19 patients.
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