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Summary

Convalescent plasma can provide passive immunity during viral outbreaks,

but the benefit is uncertain for the treatment of novel coronavirus disease

2019 (COVID-19). Our goal is to assess the efficacy of COVID-19 convales-

cent plasma (CCP). In all, 526 hospitalized patients with laboratory-con-

firmed SARS-CoV-2 at an academic health system were analyzed. Among

them, 263 patients received CCP and were compared to 263 matched con-

trols with standard treatment. The primary outcome was 28-day mortality

with a subanalysis at 7 and 14 days. No statistical difference in 28-day

mortality was seen in CCP cases (25�5%) compared to controls (27%,

P = 0�06). Seven-day mortality was statistically better for CCP cases (9�1%)

than controls (19�8%, P < 0�001) and continued at 14 days (14�8% vs.

23�6%, P = 0�01). After 72 h, CCP transfusion resulted in transitioning

from nasal cannula to room air (median 4 days vs. 1 day, P = 0�02). The
length of stay was longer in CCP cases than controls (14�3 days vs.

11�4 days, P < 0�001). Patients with COVID-19 who received CCP had a

decreased risk of death at 7 and 14 days, but not 28 days after transfusion.

To date, this is the largest study demonstrating a mortality benefit for the

use of CCP in patients with COVID-19 compared to matched controls.

Keywords: COVID-19, convalescent plasma, mortality, transfusion, oxy-

genation.

Introduction

The number of confirmed coronavirus disease 2019

(COVID-19) cases, caused by severe acute respiratory syn-

drome coronavirus-2 (SARS-CoV-2), continues to rise with

more than 38�3 million confirmed cases and more than 1

million deaths worldwide as of October 14, 2020.1 The case

fatality rate varies per region but has been estimated to be as

high as 15–30%,2 despite multiple efforts to find a targeted

treatment option and control the spread of the disease.

While most patients will have a mild course and conva-

lesce at home, a minority of patients, often with significant

comorbidities, will be hospitalized and have a higher inci-

dence of critical or fatal disease.2–6 Complications, including

respiratory failure,7 cardiovascular events (arrhythmias, acute

cardiac injury, shock8–10), and thromboembolic events,11–13

have been described. Elevated inflammatory markers (e.g., D-

dimer, ferritin) and elevated pro-inflammatory cytokines are

associated with severe illness.14,15 Seventy-five percent of hos-

pitalized patients will require supplemental oxygen, some

despite the absence of dyspnoea. Therapeutic modalities to

date are focused on reducing inflammation and viral replica-

tion and improving oxygenation.16–20

The optimal approach to the treatment of COVID-19

remains uncertain,21 and the ‘standard of care’ has changed

throughout the pandemic as data emerge. Recently, use of

both steroids and remdesivir have demonstrated decreased

28-day mortality and shorter recovery times.22–25 Recent

studies suggest reduced mortality after early (< 72h from

admission) transfusion of high antibody titre-containing

COVID-19 convalescent plasma (CCP).26 In an open-label

study of 103 Chinese patients with severe or life-threatening

COVID-19, the addition of CCP to standard treatment

improved the rate of viral RNA clearance compared to con-

trols. However, there were no statistically significant differ-

ences in the mortality at 28 days: 16% vs. 24%; P = 0�30;
odds ratio [OR] 0�59; 95% confidence interval (CI) 0�22–
1�59. Clinical improvement within 28 days occurred in

51�9% (27/52) of the convalescent plasma group versus

43�1% (22/51) in the control group [difference, 8�8% (95%
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CI, �10�4% to 28�0%); hazard ratio (HR), 1�40 (95% CI,

0�79–2�49); P = 0�26].27
Convalescent plasma passively transfers antibodies capable

of neutralizing the virus with the goal of reducing the sever-

ity of illness.28 It is thought to be most effective when

administered early in the course of the disease.28 Recent

results from patients treated under the Mayo Expanded

Access Program (EAP) show relative risk reduction in 7- and

30-day mortality for patients treated with high-titre plasma

compared to those treated with low-titre plasma. Addition-

ally, patients transfused ≤3 days from COVID-19 diagnosis

had improved mortality compared to transfusion after four

or more days from diagnosis.29 There is a paucity of data

comparing patients with COVID-19 who receive CCP to

those who do not, and these studies are required to prove

the efficacy of the treatment.26,30,31 While randomized con-

trolled trials are being designed and conducted, the goal of

this study is to assess the efficacy of CCP transfusion as a

treatment option for hospitalized patients with COVID-19

using a retrospective analysis of existing electronic health

record data.

Methods

This is a retrospective, health system-based, matched cohort

study comparing hospitalized patients with COVID-19 who

received convalescent plasma (CCP cases) to matched con-

trols who had COVID-19 and received standard treatment

but were not transfused with convalescent plasma (controls).

Participants

Both cases and controls included patients aged ≥18 years

with laboratory-confirmed severe acute respiratory syndrome

coronavirus-2 (SARS-CoV-2) and hospitalized at one of eight

hospitals in a single academic health system. Patients receiv-

ing CCP were considered to have severe or life-threatening

COVID-19 by criteria defined by the United States Food and

Drug Administration (FDA) and were treated under the

Mayo EAP.32 Care across hospitals within the health system

was deemed equivocal. Patients were treated with similar

clinical protocols and transferred across the health system as

bed availability required during the regional surge in

COVID-19 cases.

Procedure

CCP cases were transfused one to two units (approximately

200–500 ml total volume) of ABO-compatible CCP in

accordance with institutional guidelines. The plasma was

collected according to FDA guidelines and was obtained

from local blood collection centres and national blood sup-

pliers. At the time of this study, antibody titres and neu-

tralizing assays were not available for the transfused CCP.

To assess changes in oxygen requirements, the daily highest

oxygen delivery device needed was recorded and stratified

into five categories by level of support: mechanical ventila-

tion, non-invasive positive pressure ventilation, non-re-

breather, nasal cannula, or no oxygen requirements. A

decrease in support by one category was considered an

improvement (Table SI). The length of stay was calculated

from the time of arrival at the acute-care facility. Data from

10% of patients were re-confirmed by manual review and

found to be accurate.

Matching

Matching of controls to CCP cases was executed using a

publicly available exact matching macro in SAS (Cary, NC,

USA). The control pool was comprised of all hospitalized

patients with COVID-19 throughout the academic health sys-

tem. Out of 2 013 patients, 263 were matched as controls.

Controls were matched by gender, age �5 years, preceding

length of stay (beginning with the arrival time that resulted

in their inpatient stay), and oxygen delivery device on the

hypothetical transfusion day. All controls had a laboratory-

confirmed SARS-CoV-2 by polymerase chain reaction (PCR)

within 14 days of the index hospitalization. The control

cohort was treated, on average, 29 days prior to the case

cohort.

Outcomes

The primary outcome was death from any cause at 28 days

with a sub-analysis of 7-day and 14-day adjusted mortality.

The secondary outcomes were improvement in oxygenation

as defined by a decrease in oxygen delivery device category

by one level (Table SI) and the total length of stay with a

sub-analysis of the length of stay for discharged patients.

Statistical analysis

The study was designed to have 80% power to detect a

20% difference in 28-day mortality between the treatment

groups. At least 154 primary outcome events were required

for the study to be conclusive in the transfused cohort and

308 in the controls for a goal 2:1 match. Because of the

restrictive criteria for an appropriate control, only a 1:1

match of controls to CCP cases was obtained. Baseline

characteristics were compared using Pearson’s chi-square

test or Fisher’s exact test for categorical variables when

appropriate, and Student’s t-test for continuous variables.

For survival analysis, Kaplan–Meier curves were created to

estimate median survival times. The Cox proportional haz-

ard model was used to determine time-to-event hazard

ratios. The log-rank test was used to compare the survival

curves. Censor time was defined as time to outcome, hospi-

tal discharge, or 28 days, whichever occurred first. Analyses

were conducted using SAS version 9�4 (Cary, NC, USA),

and graphs were created in R.
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Study approval

Written informed consent was obtained from the participants

receiving CCP or a legally authorized representative before

enrollment. The CCP programme was approved on April 13,

2020, by the MedStar institutional review board (IRB) with

reliance on the external Mayo IRB, which served as the cen-

tral IRB for all participating facilities and empanelled an

independent Data and Safety Monitoring Board to oversee

the safety analysis. A Health

Insurance Portability and Accountability Act (HIPAA)

waiver for retrospective analysis was obtained to match the

controls for the study. It was approved on June 6, 2020, by

the MedStar IRB for secondary research on data or speci-

mens.

Results

Out of 2 013 hospitalized patients with laboratory-confirmed

SARS-CoV-2, 526 patients were analyzed across the CCP and

control groups. In all, 294 patients received CCP on the Mayo

EAP between April 13 and July 7, 2020, and 263 of these

patients were matched to controls (Fig 1). Patients used as

controls were hospitalized from March 15 to July 19, 2020.

Key patient characteristics are presented in Table I. Per

design, both groups were balanced in age and gender. The

control group had a higher proportion of African Americans

(54�28% vs. 42�21%, P = 0�02), and the case group had more

Hispanics (17�49% vs. 10�27%, P = 0�01) but were otherwise

balanced in race and ethnicity. There was no difference in

weight (93�62 kg vs. 93�41 kg, P = 0�92) between controls

and CCP cases. Transfused patients received a median of

245�6 ml (SD = 144�40) of CCP.
The 28-day mortality rate was 25�48% in CCP cases and

27�00% in controls, (P = 0�06) (Table II). The 7-day

adjusted mortality rate was statistically different between the

two groups and was lower in CCP cases (9�13%) compared

to controls (19�77%) (P < 0�001) with an absolute reduc-

tion of 10�64%. The 14-day adjusted mortality continued to

be statistically significant, with a mortality rate of 14�83%
for CCP cases and 23�57% for the controls (P = 0�01) with

an 8�74% absolute reduction (Fig 2). Consistent with previ-

ous reports,33 no transfusion reactions occurred in our

cohort.

The median time to a decrease in the oxygen device cate-

gory was shorter by three days in the CCP cases compared to

the controls (Fig 3). The case cohort had a median of three

days to improvement in the oxygen device category

Fig 1. Patient selection and matching. CCP, COVID-19 convalescent plasma; EAP, Expanded Access Program; SARS-CoV-2, severe acute respira-

tory syndrome coronavirus-2; EMR, electronic medical record.
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compared to six days in the control cohort (P = 0�25); this
was not statistically significant when comparing cohorts or

subgroups of patients within cohorts. However, a subanalysis

of patients transfused within three days of arrival

demonstrated a statistical difference (P = 0�02) in oxygen

requirement for patients requiring nasal cannula (three days)

compared to controls six days; Table SII).

Table I. Patient characteristics.

Variables Controls (n = 263) CCP cases (n = 263) P-value

Age, mean, (SD), year 56�1 (14�00) 55�93 (14�01) 0�88
Female sex, no. (%) 96 (36�50) 96 (36�50) 1�00
Race, no. (%)

African American 144 (54�285) 111 (42�21) 0�02
Asian 5 (1�90) 6 (2�28) –

Other 76 (28�90) 101 (38�40) –

Unknown 6 (2�28) 14 (5�32) –

White 32 (12�17) 31 (11�79) –

Ethnicity, no. (%)

Hispanic 27 (10�27) 46 (17�49) 0�01
Non-Hispanic 182 (69�20) 154 (58�56) –

Unknown 54 (20�53) 63 (23�95) –

Weight, mean (SD), kg 93�62 (26�87) 93�41 (24�23) 0�92
Medications, no. (%)

Azithromycin 177 (67�30) 157 (59�70) 0�07
Dexamethasone 21 (7�98) 70 (26�62) <0�001
Hydrocortisone 25 (9�51) 33 (12�55) 0�26
Hydroxychloroquine 123 (46�77) 12 (4�56) <0�001
Methylprednisolone 32 (12�17) 85 (32�32) <0�001
Prednisone 1 (0�38) 5 (1�90) 0�21
Remdesivir 9 (3�42) 107 (40�68) <0�001
Sarilumab 0 (0�00) 1 (0�38) 1

Tocilizumab 47 (17�87) 76 (28�90) 0�002
Transfused plasma volume, mean (SD), ml – (–) 245�6 (144�40) –

CCP, COVID-19 convalescent plasma.

Table II. Primary and secondary outcomes.

Variables Controls (n = 263) CCP cases (n = 263) P-value

Mortality, no. (%)

28-day 71 (27) 67 (25�48) 0�06
14-day 62 (23�57) 39 (14�83) 0�01
7-day 52 (19�77) 24 (9�13) <0�001

Length of stay, mean (SD), days

Overall 10 (10�86) 15�67 (13�65) <0�001
Mechanical ventilation 15�92 (16�03) 20�97 (16�07) 0�07
Non-invasive positive pressure ventilation 10�17 (9�47) 15�04 (13�01) 0�005
Non-rebreather 7�28 (6�08) 16�88 (11�43) <0�001
Nasal cannula 5�41 (4�50) 8�13 (10�41) 0�10
LOS for discharged patients* 14�56 (12�18) 19�18 (14�75) <0�001

Improvement in oxygen delivery device category, median, (hazard ratio), days

Overall 6 (–) 3 (1�12) 0�22
Mechanical ventilation 15 (–) 11 (1�43) 0�11
Non-invasive positive pressure ventilation 4 (–) 3 (1�00) 0�99
Non-rebreather 4 (–) 2 (1�10) 0�58
Nasal cannula 3 (–) 2 (1�42) 0�06

CCP, COVID-19 convalescent plasma; LOS, length of stay.

*Excluding deceased patients.
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Length of stay was longer for the CCP cases compared to

the controls; 15�67 (SD 13�65) and 10�00 (SD 10�86) days,

respectively (P < 0�001). A subanalysis of the length of stay

of discharged patients only (omitting patients who died) also

showed that the length of stay was longer for CCP cases

compared to controls; 19�18 (SD 14�75) and 14�56 (SD

12�18) days, respectively, (P = 0�001).
The use of dexamethasone (31�52% vs. 9�7%, P < 0�001),

methylprednisolone (32�73% vs. 12�12%, P < 0�001), remde-

sivir (50�50% vs. 3�64, P < 0�001), and tocilizumab (29�70%
vs. 16�36%, P = 0�004) was more common among CCP

cases. Hydroxychloroquine use was more common among

the control group (41�82% vs. 1�82, P < 0�001). These imbal-

ances continued to exist when limiting the analysis to more

recent phases of the pandemic. Reducing the time to match

CCP cases and control on date of arrival to the hospital to

14 days limited the number of CCP cases included in the

study below the power required to attain significant results.

Discussion

Passive antibody therapy through convalescent-plasma trans-

fusion has shown benefit anecdotally in COVID-19, primarily

by case series and smaller studies utilizing matched controls

showing 28-day mortality benefit in patients transfused

within 72 h of admission.26 Previous results from the Mayo

EAP show that the use of CCP transfusion is safe with mini-

mal serious adverse events and a signal of mortality benefit;

however, only small studies compared CCP treated patients

to control patients who did not receive plasma.26 This study

showed that convalescent-plasma therapy among hospitalized

patients with COVID-19 has an immediate mortality benefit

when measured at seven days (P < 0�001) and 14 days

(P = 0�01) after CCP transfusion compared to the standard

treatment alone. While the difference in mortality between

CCP cases and controls was not seen at 28 days (P = 0�06),
there was a trend towards a benefit for CCP.

Convalescent plasma may provide clinical benefit when it

contains high IgG antibody titres and when given early in

the course of disease.26,32,34 However, the optimal antibody

titre for convalescent plasma required for viral neutralization

is unknown.30,35 It is also not known if additional benefit

would be obtained by re-treatment. A major constraint of

this study was that antibody titres of transfused products

were unknown. Transfused CCP was likely heterogeneous in

antibody titre, and this could skew results. Additionally,

patients’ pre-existing comorbidities were not evaluated, and

viral load through the clinical course was not known; both

may potentially impact results. Pre-existing comorbidities

will need to be evaluated in further analyses of these data.

Given that the 7- and 14-day mortality was better for CCP

cases than controls, it was surprising that the length of stay

was longer for the case cohort. Additionally, the impact of

CCP seemed most significant for the first 14 days but did

not impact mortality at 28-days. It is possible that CCP

transfusion does not impact evolving comorbid conditions

that may complicate hospital stay such as kidney disease, car-

diovascular complications, or thromboembolism, and a

planned secondary analysis will look further into the hospital

course of these patients. Additionally, for patients receiving

low-titre plasma, the passive immunity transferred could

have been enough to mitigate severe disease but not enough

to stop viral replication, inflammatory response, and down-

stream effects.36

The SARS-CoV-2 virus is known to target the lower respi-

ratory tract, and significant pulmonary compromise that

leads to acute respiratory distress syndrome (ARDS) is a

major complication in some patients.38,39 Therefore, treat-

ment modalities capable of improving respiratory compro-

mise are valuable. In this study, the median days to

improvement in the oxygen device delivery category was

three days in the CCP cases compared to six days in the con-

trols. While this was not statistically significant, it is remark-

able that this trend was seen in all categories of respiratory

support (Fig 3). Future studies using larger cohorts and/or

high titre plasma will be better equipped to answer this ques-

tion.

The evolution of treatment for COVID-19 is rapidly

changing; the timing and duration of medications adminis-

tration during disease evolution and the target patient profile

for treatment are still evolving.22,23,39 Initial trial data suggest

a clinical benefit with remdesivir and preliminarily, a mortal-

ity benefit with dexamethasone, but no other therapies have

proven effective.23,40 Remdesivir resulted in a faster time to

recovery and a trend towards mortality benefit when given to

patients with COVID-19 and pulmonary involvement.23

Fig 2. Kaplan–Meier curve showing 28-day mortality. [Colour figure

can be viewed at wileyonlinelibrary.com]
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Dexamethasone reduced 28-day mortality among patients

hospitalized with COVID-19 compared with standard care

alone.22 In this study, the use of dexamethasone, and remde-

sivir was more common among patients receiving CCP, and

this could favourably impact the results observed in this

study.

Limitations

The rapidity of onset of this pandemic and the severity of ill-

ness in many patients left the medical community struggling

to find treatments for acutely ill hospitalized patients. The

urgent need for effective treatments required that existing

therapeutic modalities be re-evaluated for clinical use. The

Mayo EAP provided for use of convalescent plasma, a treat-

ment used in other infectious outbreaks, early in the pan-

demic. However, due to time constraints, valuable metrics

needed to assess the benefit of this treatment could not be

utilized including randomized trials, rapid testing for SARS-

CoV-2 viral loads and titres of plasma products.

Convalescent plasma was scarce early in the pandemic

and required a national campaign to mobilize donors. The

control cohort in this study was treated an average of

29 days prior to our patients, reflecting the lack of avail-

ability of CCP early in the pandemic but allowing these

patients to serve as controls. Additionally, treatment strate-

gies evolved during the pandemic, and patients treated ear-

lier in the pandemic may have had a different ‘standard of

care’ than patients treated later. Our case cohort on aver-

age was treated later than our control cohort and may

have been subjected to different standards of care, includ-

ing medication treatment protocols, which could add to

imbalance in outcomes.

At the time of this study there was no single marker for

disease severity that would aid in the matching of patients.

The use of the oxygen delivery device category as a surrogate

marker of disease severity to match the controls could under-

represent a patient’s clinical picture. Additionally, days from

hospital arrival for their acute illness was used as a surrogate

for start of disease due to an inability to systematically obtain

the true date of onset of symptoms.

The retrospective nature of this study does not allow for

capture of all the clinical factors such as comorbidities, or

inflammatory markers that may affect clinical outcomes and

Fig 3. Days to improvement in oxygenation as defined by a decrease in oxygen delivery device category by one level. [Colour figure can be

viewed at wileyonlinelibrary.com]
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confound the analysis of data. Additionally, we did not have

viral load or plasma IgG titre information that would also

influence outcomes. Randomized clinical trials are planned

that will avoid imbalance in patient characteristics, comor-

bidities, and treatment options.

Conclusion

In this retrospective, health system-based, matched control

study, we found an early mortality benefit at seven and

14 days of CCP transfusion but not at 28 days compared to

controls. There was also a trend toward a quicker improve-

ment in the oxygen device category in patients transfused

with CCP, reflecting a more rapid respiratory recovery. This

is the largest study to date, demonstrating a mortality benefit

from COVID-19 convalescent plasma compared to controls.

Further studies controlling for patient characteristics and

using high IgG titre plasma are needed.
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