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ABSTRACT

Introduction: Coronavirus disease 2019
(COVID-19) is a viral respiratory syndrome
caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2). This novel virus
was discovered in Wuhan City, Hubei Province,
China, in December 2019. As of September 6,
2020, confirmed cases have risen to more than
27,000,000 worldwide and more than 885,000
people have died. Currently, no cure or stan-
dard treatment for COVID-19 exists. We con-
ducted a prospective single-arm open-label
phase II clinical trial assessing the safety and
efficacy of convalescent plasma in hospitalized
patients with COVID-19.
Methods: Convalescent plasma with sufficient
total anti-SARS-CoV-2 IgG titer (1:320) obtained
from recovered donors was administered to

adult patients with either severe or critical
COVID-19 illness. Primary outcomes were
adverse events in association with plasma
administration, and hospital mortality. Sec-
ondary outcomes included disease progression,
recovery, length of stay, and hospital discharge.
Results: Of the 38 patients included in the
analysis, 24 (63%) recovered and were dis-
charged, and 14 (37%) died. Patients who
received convalescent plasma early in the dis-
ease course (severe illness group) as compared to
the patients that received convalescent plasma
later in the disease progression (critical illness
group) had significantly lower hospital mortal-
ity 13% vs 55% (p\ 0.02) and shorter mean
hospital length of stay 15.4 vs 33 days
(p\ 0.01). One patient experienced a transient
transfusion reaction. No other adverse effects of
convalescent plasma infusion were observed.
Conclusions: Our results suggest that conva-
lescent plasma with adequate anti-SARS-CoV-2
antibody titer is safe and has the potential for
positive impact on clinical outcomes including
recovery and survival if given to patients early
in the course of COVID-19 disease.
Trial Registration: ClinicalTrials.gov. Identi-
fier, NCT04343261, IND #19805.
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Key Summary Points

Coronavirus disease 2019 (COVID-19) is a
viral respiratory syndrome caused by
severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2).

This novel virus was discovered in Wuhan
City, Hubei Province, China, in December
2019, and as of September 6, 2020,
confirmed cases have risen to more than
27,000,000 worldwide and more than
885,000 people have died.

Currently, no cure or standard treatment
for COVID-19 exists.

We conducted a prospective single-arm
open label phase II clinical trial assessing
the safety and efficacy of convalescent
plasma in hospitalized patients with
COVID-19.

Patients who received convalescent
plasma with adequate amount of anti-
SARS-CoV-2 antibodies early in the disease
course (severe illness group) as compared
to the patients that received convalescent
plasma later in disease progression
(critical illness group) had significantly
lower hospital mortality 13% vs 55%
(p\ 0.02) and shorter mean hospital
length of stay 15.4 vs 33 days (p\0.01).

Of the 38 patients that received
convalescent plasma, only one patient
experienced a transient transfusion
reaction.

DIGITAL FEATURES

This article is published with digital features to
facilitate understanding of the article. To view
digital features for this article go to https://doi.
org/10.6084/m9.figshare.12933338.

INTRODUCTION

Coronavirus disease 2019 (COVID-19) is a viral
respiratory syndrome caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-
2). This novel virus was discovered in Wuhan
City, Hubei Province, China, in December 2019.
As of September 6, 2020, confirmed cases have
risen to more than 27,000,000 worldwide and
more than 885,000 people have died [1]. Cur-
rently, no cure or standard treatment for
COVID-19 exists.

The majority of people with COVID-19
experience an asymptomatic, mild, or manage-
able course of disease [2, 3]. The most common
symptoms include fever, cough, fatigue, dysp-
nea, headache, diarrhea, myalgia, and/or loss of
taste and smell [4, 5]. However, 19% of those
who are infected with the virus become severely
or critically ill [2]. Life-threatening illness
occurs when the virus triggers a progressive
hyper-immune response or ‘‘cytokine storm’’
progressing to acute respiratory distress syn-
drome (ARDS), cardiac injury, thrombotic
complications, septic shock, and/or organ fail-
ure [6–9]. Estimated mortality among patients
admitted to the intensive care unit (ICU) with
severe or critical illness ranges from 34.8% to
41.6% [10, 11]. Higher mortality rates (48–55%)
were observed in patients with ARDS, needing
invasive ventilatory support [10, 11]. Risk of
death and disease severity increase with older
age, obesity, and chronic disease such as
hypertension, diabetes, and cardiovascular dis-
ease [7–9, 12–14].

In March of 2020, the US Food and Drug
Administration (FDA) solicited investigational
new drug applications to test the safety and
efficacy of convalescent plasma therapy for
patients with severe or life-threatening COVID-
19 [15]. Convalescent plasma is derived from
the blood of recovered patients and is a rich
source of antibodies. When administered to
patients who are ill with the same disease, the
plasma may aid recovery by conferring passive
immunity and neutralizing the pathogen [15].
The therapy showed promise during outbreaks
of other novel viral respiratory syndromes,
including two caused specifically by
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coronavirus [SARS-CoV in 2003 and Middle East
respiratory syndrome (MERS) in 2012] [16, 17].
Data showed that convalescent plasma might
be most effective when given earlier in the
course of disease, but research was limited to
small observational studies and much remains
unknown [16, 17].

Preliminary data from clinical trials and
observational studies targeting COVID-19 sug-
gest that administration of convalescent plasma
may reduce mortality, hospital length of stay,
and time on mechanical ventilation with min-
imal adverse side effects in patients with severe
or life-threatening disease [18–23]. Consistent
with earlier studies, treatment may be most
efficacious for severe COVID-19 when adminis-
tered closer to symptom onset [21–25]. The
purpose of this study is to describe the course of
illness among 38 patients hospitalized with
severe or life-threatening COVID-19 who
received convalescent plasma as part of an FDA-
approved phase 2 clinical trial. Specifically, the
study will assess their hospital course in the
context of demographics, disease onset, symp-
tomology, illness severity, and disease
progression.

METHODS

This study is an FDA-approved prospective sin-
gle-arm open-label phase II clinical trial
(NCT04343261) assessing the safety and efficacy
of convalescent plasma (IND #19805) on the
clinical course of adult patients hospitalized
with severe COVID-19. The study protocol was
approved by the Trinity Health of New England
Institutional Review Board (#SFH-20-23). The
research study was performed in accordance
with the Helsinki Declaration of 1964, and its
later amendments. Informed consent was pro-
vided by either the patient or the patient’s leg-
ally authorized representative (LAR).

Patients

Subjects were recruited from four regional hos-
pitals in Connecticut and Massachusetts
between April 20, 2020 and June 8, 2020.
Patients were considered eligible for the study if

they were between the ages of 18 and 90, hos-
pitalized, severely or critically ill with con-
firmed COVID-19 through nasopharyngeal
swab real-time PCR (RT-PCR). Illness severity
was defined as follows: mild COVID-19 was
defined as symptoms with no clinical signs of
moderate, severe, or critical disease; moderate
illness was defined as respiratory rate C 20
breaths per minute and oxygen satura-
tion[ 93%; severe illness was defined as any of
the following: respiratory frequency C 30/min,
blood oxygen saturation B 93%, partial pres-
sure of arterial oxygen to fraction of inspired
oxygen ratio\ 300, and lung infiltrates[ 50%
within 24–48 h; evidence of critical illness
included respiratory failure, septic shock, or
multi-organ dysfunction or failure [15, 26].

Subjects who met eligibility criteria were
referred by their treating physicians. Patients
were enrolled regardless of previous treatment
or therapies for COVID-19, including experi-
mental medications and therapies administered
off-label. Informed consent was provided by
either the patient or the patient’s LAR. Once a
patient or the patient’s LAR provided informed
consent and the patient’s ABO blood type was
determined, compatible convalescent plasma
was administered in two consecutive 200-mL
infusions. Each unit was transfused for the
duration of 1 h, 1–2 h apart. If the patient
received plasma with undetectable total anti-
SARS-CoV-2 antibodies, the patient was re-
dosed with a unit of plasma with adequate
antibody titer (1:320). Recipients were moni-
tored and all adverse reactions or events were
recorded whether or not they were related to
the plasma infusion. The protocol was approved
by the Trinity Health of New England Institu-
tional Review Board (#SFH-20-23).

Convalescent Plasma

Convalescent plasma was obtained from adult
donors who were confirmed positive and had
recovered from SARS-CoV-2. All donors
screened negative for the virus using a nasal
swab (RT-PCR) and had total anti-SARS-CoV-2
titer[ 6.5 arbitrary units per milliliter (AU/mL;
equivalent to 1:320). Plasma was collected by
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apheresis at an established blood donation
center following standard operating procedures
and 21 CFR 630.10 requirements. Plasma was
frozen within 24 h of collection and labeled for
investigational use and ABO typing.

Data and Data Sources

Demographic, clinical, and outcomes data were
prospectively collected from electronic patient
medical records at each of the four hospitals.
Descriptive data included sex, age, race, eth-
nicity, smoking status, functional status,
comorbidities, living situation, and means of
arrival to the hospital. Initial presentation to
the emergency department included self-re-
ported symptoms, vital signs, degree of respira-
tory distress, and need for oxygen
supplementation and resuscitation. Initial chest
X-ray findings, and laboratory markers of sepsis,
inflammatory response, immune deficiency,
and organ dysfunction were recorded. The
clinical course during hospital stay was
prospectively captured by tracking changes in
oxygenation (FiO2), need for invasive ventila-
tion, ICU-level care, and types of essential
medications given. Patient clinical status pro-
gression and recovery were prospectively mon-
itored by capturing days on invasive
ventilation, intubation, extubation, discharge
alive, and death during hospitalization.

Outcomes and Data Analysis

Primary clinical outcomes were rate of adverse
events associated with convalescent plasma
administration, and hospital mortality. Sec-
ondary outcomes included disease progression,
recovery, length of hospital stay, and hospital
discharge. Primary and secondary clinical out-
comes were compared between two groups
based on severity of illness [15, 26] at the time
of plasma infusion: (1) patients with severe ill-
ness, who had not progressed to ARDS at the
time of enrollment, and (2) patients whose
condition had progressed to critical illness at
the time of enrollment. Patients were excluded
from the analysis if they were transferred to
another acute hospital; did not receive

convalescent plasma with adequate antibody
titer; or care was withdrawn and patient
received comfort care only within 5 days of
plasma administration.

Statistical Analysis

Descriptive statistics included means, medians,
and proportions as appropriate based on vari-
able, sample size, and distribution. Descriptive
variables included demographic characteristics,
clinical parameters, and time from illness onset
and hospitalization to plasma transfusion. As a
result of the small sample size, both parametric
and nonparametric statistics were used in the
analysis as appropriate. Continuous variables
were compared using t tests, and categorical
variables using chi-square analyses and Fisher’s
exact test when cell sizes were small. SAS soft-
ware version 9.4 (SAS Institute Inc., Cary, NC,
USA) was used for analyses. Outcomes were
considered statistically significant at p\ 0.05.

RESULTS

Plasma Recipients

A total of 46 patients (Fig. 1) with RT-PCR-con-
firmed COVID-19 were enrolled in the study.
Eight of 46 (17%) patients were excluded from

Fig. 1 Flowchart of patients and outcomes. CP convales-
cent plasma, CMO comfort care only
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the analysis for the following reasons: two
received convalescent plasma with no
detectable antibody titer; one was transferred to
another hospital; five were made comfort care
only (CMO) and medical care was withdrawn
within 5 days of plasma administration. The
remaining patients (n = 38) included in this
analysis received convalescent plasma with
adequate total anti-SARS-CoV-2 antibody titer
of 1:320 (32 received 2 units, 5 were re-dosed
with 1 unit, 1 received 1 unit).

Patient demographics, clinical presentation,
hospital course, and clinical outcomes are
shown in Tables 1, 2, 3, 4, and 5. Mean age was
63 years (95% CI 59–70), 53% were male, 34%
black, 32% white, and 34% were Hispanic; 61%
of the patients were from Connecticut, 37%
from Harford County, 21% New Haven County,
and 40% were from Hampden County, Mas-
sachusetts (Table 1). More than 68% had been
diagnosed with hypertension and nearly half
(47.4%) with diabetes mellitus; overall, 31.5%

had three or more comorbidities (Table 2). As
shown in Table 3, mean days from onset of
symptoms to hospitalization was 7.3 days (95%
CI 6.4–8.2), with the most common symptoms
at admission being fever, cough, and dyspnea.
With the exception of one patient who arrived
in critical condition, subjects presented initially
to the hospital with moderate to severe COVID-
19 pneumonia without evidence of ARDS or
requiring invasive ventilation support at the
time of admission (Table 4). The most common
laboratory abnormalities on admission included
severe rise in inflammatory markers [C-reactive
protein (CRP) C 10 mg/dL] (66%), lymphopenia
(absolute lymphocyte count\1000 per micro-
liter) (50%), and hyponatremia (Na\135 mEq/
L) (47%)—see Table 4.

Severe and Critical Illness Groups

At the time of plasma infusion, 16 patients
(42%) met criteria for severe illness. These

Table 1 Demographic characteristics of convalescent plasma recipients

Overall, n = 38 Severe, 16 (42) Critical, 22 (58) p value

Age, mean (SD) 63 (12) 65 (11) 61 (13) 0.30

Age less than 70 28 (74) 11 (69) 17 (77) 0.56

Gender (female) 18 (47) 8 (50) 10 (46) 0.78

Race 0.92

Black 13 (34) 6 (38) 7 (32)

White 12 (32) 5 (31) 7 (32)

Other 13 (34) 5 (31) 8 (36)

Ethnicity (Hispanic) 13 (34) 4 (25) 9 (41) 0.31

County 0.45

Hampden County 15 (40) 7 (44) 8 (36)

Hartford County 14 (37) 7 (44) 7 (32)

New Haven County 8 (21) 2 (12) 6 (27)

Tolland County 1 (3) 0 (0) 1 (5)

Insurance—Medicaid or self-pay 8 (21) 4 (25) 4 (18) 0.19

Marital status—married 17 (45) 7 (44) 10 (45)

Values are no. (%) except as indicated
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patients were enrolled in the study and received
convalescent plasma earlier in their hospital
and disease course on average 4.6 days (95% CI
2.9–6.3) following hospital admission, and
12.6 days (95% CI 10–15.2) following symp-
toms’ onset while on high-flow oxygen supple-
mentation prior to any evidence of ARDS. The
remaining 22 patients (58%) met the criteria for
critical illness at the time of convalescent
plasma therapy. They enrolled in the study and
received convalescent plasma later in their

hospital and disease course on average 16.4 days
(95% CI 13–19.8) following hospital admission,
and 23.1 days (95% CI 19.5–26.7) following
symptoms’ onset after developing ARDS and
had been on ventilation support for an average
of 10.6 days (95% CI 7.3–13.9).

The two cohorts were comparable in demo-
graphics; comorbidities and home medications;
pre-illness functional status; onset of symptoms
to seeking hospital care; initial clinical presen-
tation and findings; initial disease severity; and

Table 2 Comorbidities and home medications of convalescent plasma recipients

Overall, n = 38 Severe, 16 (42) Critical, 22 (58) p value

BMI, mean (SD) 33.6 (6.5) 34.4 (7.9) 33 (5.4) 0.53

Smoking status (smoker) 4 (11) 2 (13) 2 (9) 0.87

ABO blood type—A group 9 (24) 5 (31) 4 (18) 0.48

Comorbidities

COPD/asthma 15 (39) 7 (44) 8 (36) 0.64

Obstructive sleep apnea 5 (13) 1 (6) 4 (18) 0.37

Hypertension 26 (68) 9 (56) 17 (77) 0.17

Diabetes mellitus 18 (47) 8 (50) 10 (45) 0.78

Coronary artery disease 5 (13) 1 (6) 4 (18) 0.37

Chronic kidney disease 5 (13) 2 (13) 3 (14) 1.00

Cancer 4 (11) 2 (13) 2 (9) 1.00

VTE 3 (8) 2 (13) 1 (5) 0.56

Multiple comorbidities 0.46

0–2 26 (68) 12 (75) 14 (64)

3–7 12 (32) 4 (25) 8 (36)

Home medications

ARB 11 (29) 6 (38) 5 (23) 0.32

ACEi 8 (21) 3 (19) 5 (23) 1.00

CCB 9 (24) 2 (13) 7 (32) 0.25

NSAIDs 14 (37) 6 (38) 8 (36) 0.94

Steroids 4 (11) 1 (6) 3 (14) 0.63

Values are no. (%) except as indicated
ARB angiotensin II receptor blocker, ACEi angiotensin converting enzyme inhibitor, CCB calcium channel blocker,
NSAIDs non-steroidal anti-inflammatory drugs, VTE venous thromboembolism
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the care they received during their hospitaliza-
tion including essential medications (see
Tables 1, 2, 3, 4 and 5). Clinically, hypona-
tremia on initial hospital presentation was more
prevalent in the severe illness group (p = 0.047).
Vasopressors (p\ 0.01), hydroxychloroquine
(p\ 0.01), and antibiotics (p\ 0.01) were more
frequently used during hospitalization in the
critical illness group. Renal replacement therapy
was utilized at higher rate in the critical illness

group but did not reach statistical significance
(p = 0.05).

Primary Outcomes

One patient in the severe illness group experi-
enced a transient transfusion reaction (fever
and hematuria) within 2 h of plasma infusion.
No other adverse effects of convalescent plasma
infusion were observed. Of the 38 patients

Table 3 Characteristics and symptoms at presentation to the hospital among convalescent plasma recipients

Overall, n = 38 Severe, 16 (42) Critical, 22 (58) p value

Mode of arrival—EMS 28 (74) 11 (69) 17 (77) 0.56

Patient origin 0.68

Home 32 (84) 13 (81) 19 (86)

Skilled nursing facility 6 (16) 3 (19) 3 (14)

Functional status—independent of ADLs 33 (87) 13 (81) 20 (91) 0.63

Source of exposure to COVID-19 0.30

Family 10 (26) 3 (19) 7 (32)

Long-term care facility 5 (13) 3 (19) 2 (9)

Work 6 (16) 1 (6) 5 (23)

No known source 17 (45) 9 (56) 8 (36)

Onset of symptoms (days), mean (SD) 7.3 (2.8) 8 (3.1) 6.7 (2.6) 0.17

Symptoms reported on presentation to hospital

Fever (temperature C 38 �C or subjective) 30 (79) 14 (88) 16 (73) 0.43

Cough 35 (92) 15 (94) 20 (91) 1.00

Dyspnea 37 (97) 15 (94) 22 (100) 0.42

Headache 9 (24) 5 (31) 4 (18) 0.45

Loss of appetite 17 (45) 6 (38) 11 (50) 0.52

Fatigue 24 (63) 11 (69) 13 (59) 0.74

Body aches 13 (34) 5 (31) 8 (36) 1.00

Chest pain 9 (24) 4 (25) 5 (23) 0.87

GI symptoms 17 (45) 7 (44) 10 (45) 0.92

Loss of taste or smell 3 (8) 2 (13) 1 (5) 0.56

Confusion 6 (16) 4 (25) 2 (9) 0.22

Values are no. (%) except as indicated
EMS emergency medical services, ADLs activities of daily living
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included in the analysis, 24 (63%) recovered
and were discharged from the hospital, and 14
(37%) died. Patients who died included two in
the severe illness group and 12 in the critical
illness group. The difference in mortality (13%

severe vs 55% critical) was statistically signifi-
cant (p = 0.02). Overall, patients who survived
(n = 24) regardless of disease severity at time of
infusion received convalescent plasma earlier in
their course of disease (mean 15.3 days, SD 6.9)

Table 4 Clinical presentation at admission of convalescent plasma recipients

Overall, n = 38 Severe, 16 (42) Critical, 22 (58) p value

Disease severity (FDA classification) on admission 0.14

Moderate 5 4 (25) 1 (5)

Severe 32 12 (75) 20 (90)

Critical 1 0 (0) 1 (5)

RA O2Sat B 85% 18 (47) 6 (38) 12 (55) 0.30

Oxygen support on admission 0.61

Low flow nasal 27 (71) 11 (69) 16 (72)

High flow nasal 10 (26) 5 (31) 5 (23)

Invasive ventilation 1 (3) 0 (0) 1 (5)

Chest X-ray with typical COVID-19 findingsa 35 (92) 14 (88) 21 (95) 0.56

Febrile (temperature C 38 �C) 10 (26) 6 (38) 4 (18) 0.27

Hypotensionb 1 (3) 0 (0) 1 (5) 1.00

Lymphopeniac 19 (50) 9 (56) 10 (45) 0.51

Rise in sepsis markersd 13 (34) 4 (25) 9 (41) 0.31

Severe rise in inflammatory markerse 25 (66) 10 (63) 15 (68) 0.71

Transaminitisf 9 (24) 4 (25) 5 (23) 1.00

AKIg 10 (26) 7 (44) 3 (14) 0.06

Hyponatremiah 18 (47) 11 (69) 7 (32) 0.047

Hypokalemiai 7 (18) 1 (6) 6 (27) 0.20

Troponin leaki 7 (18) 2 (13) 5 (23) 0.68

Values are no. (%) except as indicated. Bold text = statistically significant
RA O2Sat room-air oxygen saturation, AKI acute kidney injury
a Multifocal peripheral consolidation and/or multifocal rounded opacities and nodules
b Mean arterial blood pressure\ 60 mmHg
c Absolute lymphocyte count\ 1000 per microliter
d Serum lactate[ 2.2 mmol/L
e C-reactive protein C 10 mg/dL
f C 5 9 rise in serum ALT level
g eGFR\ 60 mL/min/1.73 m2

h Serum sodium\ 135 mEq/L
i Serum potassium\ 3.5 mEq/L
i Serum troponin[ 0.04 ng/mL
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and hospital stay (8.4 days, SD 6.8) compared to
those who died (n = 14) with mean durations of
(24.5 days, SD 9.6), (16.6 days, SD 9.5)
respectively.

Secondary Outcomes

Among patients with severe illness at the time
of convalescent plasma therapy, 25% (4/16)

progressed to ARDS after receiving convalescent
plasma (Table 5). Three of the four required
mechanical ventilation and two of the four
died. One of those patients received convales-
cent plasma 18 days following onset of symp-
toms and died of refractory shock in ICU while
on ventilator support. The other patient
received convalescent plasma 16 days following
symptom onset, developed respiratory failure

Table 5 Patient outcomes and hospital course

Overall, n = 38 Severe 16 (42) Critical, 22 (58) p value

Outcome

Mortality 14 (37) 2 (13) 12 (55) 0.02

Length of stay (days), mean (SD) 26 (15) 15.4 (11.6) 33 (12.9) < 0.01

Symptom onset to CP (days), mean (SD) 18.7 (9.0) 12.6 (5.3) 23.1 (8.6) < 0.01

Symptom onset to CP admin B 15 days 17 (45) 13 (81) 4 (18) < 0.01

Hospital days prior to CP admin, mean (SD) 11.4 (8.8) 4.6 (3.4) 16.4 (8.1) < 0.01

Hospital days after CP admin, mean (SD) 14.2 (11.5) 10.9 (10.5) 16.5 (11.9) < 0.01

ARDS prior to CP admin 22 (58) 0 (0) 22 (100) < 0.01

ARDS during hospitalization 26 (68) 4 (25) 22 (100) < 0.01

Invasive mechanical ventilation 25 (66) 3 (19) 22 (100) < 0.01

Ventilator days, mean (SD) 20.3 (10.3) 16 (12.1) 21 (10.2) 0.45

Other interventions and medications

Renal replacement therapy 9 (24) 1 (6) 8 (36) 0.05

Antibiotics 32 (84) 10 (63) 22 (100) < 0.01

Antifungals 4 (11) 0 (0) 4 (18) 0.12

Azithromycin 16 (42) 4 (25) 12 (55) 0.07

Hydroxychloroquine 17 (45) 3 (19) 14 (64) < 0.01

IL-6 Inhibitors 10 (26) 3 (19) 7 (32) 0.47

Remdesivir 4 (11) 3 (19) 1 (5) 0.29

Vasopressors 20 (53) 3 (19) 17 (77) < 0.01

Steroids 22 (58) 7 (44) 15 (68) 0.13

Anticoagulants 31 (82) 13 (81) 18 (82) 1.00

Zinc 17 (45) 6 (38) 11 (50) 0.44

Values are no. (%) except as indicated
ARDS acute respiratory distress syndrome, CP convalescent plasma
Bold text = statistically significant
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secondary to ARDS, and was placed on comfort
measures at the request of the family. The
remainder (14/16, 88%) did not progress to
ARDS, recovered with resolution of COVID-19
pneumonia, and were discharged from the
hospital.

In the patients with critical illness at the
time plasma therapy, 10/22 (45%) recovered
with resolution of ARDS and restoration of
organ function and left the hospital. Of the
12/22 (55%) who died, six died of refractory
shock while on ventilator support with evi-
dence of pneumoperitonium in four of them;
three patients died of refractory respiratory
failure with terminal extubation; two died of
complications of upper airway edema; and one
patient died of an acute cardiac complication.

Mean hospital length of stay was 25.6 days
(95% CI 20.8–30.4) (Table 5). Length of stay was
significantly shorter in the severe illness group
(15.4 days, 95% CI 9.3–21.6) compared to
patients in the critical illness group (33.0 days,
95% CI 27.3–38.7) (p\ 0.01). Statistical analy-
ses showed that patients treated earlier in the
course of COVID-19 disease (severe group) had
significantly lower hospital mortality (p = 0.02)
and shorter hospital length of stay (p\ 0.01)
after convalescent plasma therapy compared to
patients that were treated later in their disease
course in presence of ARDS (critical group)
(Table 5). Other prognostic factors that were
significantly associated with good clinical out-
comes included shorter durations between
symptoms onset and convalescent plasma
administration (p\ 0.01), and hospital admis-
sion and administration of convalescent plasma
(p\ 0.01).

DISCUSSION

Among this group of hospitalized patients with
severe or critical COVID-19 who received con-
valescent plasma with adequate total anti-SARS-
CoV-2 antibody titer (1:320), only one patient
experienced a transient transfusion reaction.
This low rate of adverse event secondary to
convalescent plasma therapy is consistent with
recent published literature [22, 23]. The overall
hospital mortality among our study patients

was 37%. However, patients who received con-
valescent plasma early in the disease course
(severe illness group) as compared to the
patients that received convalescent plasma later
in disease progression (critical illness group)
had significantly lower hospital mortality 13%
vs 55% (p\ 0.02) and shorter mean hospital
length of stay 15.4 vs 33 days (p\ 0.01). In
addition, only four patients (25%) in the severe
illness group developed ARDS, with three of
them needing invasive ventilation support fol-
lowing convalescent plasma therapy. Two of the
three recovered and were discharged.

It is important to understand the timeline
and dynamics of COVID-19 hospitalizations in
Connecticut and Western Massachusetts at the
time when we launched our research study. Our
study patients presented initially to the hospital
with an average of 7.3 days (95% CI 6.4–8.2)
from symptoms’ onset to hospitalization, and
97% (37/38) of the patients had moderate to
severe disease without evidence of ARDS or
urgent need for invasive ventilation support
upon admission. By the time we enrolled our
first patient in late April 2020, hospitals partic-
ipating in the study were at their peak COVID-
19 census, with a large number of seriously ill
patients who had been hospitalized for an
average of 2 weeks, and were not improving
with supportive care or medications (see
Table 5). Some of those patients deteriorated
and needed ICU care and ventilator support for
an average of 7 days prior to enrollment. Many
had severe lung damage and multi-organ fail-
ure. In the early phase of our study, physicians
enrolled mostly patients in this critical illness
category. In the majority of cases, patients died
as a result of secondary irreversible complica-
tions of COVID-19. As our study progressed,
physicians started enrolling patients earlier in
their disease course and hospital stay before
respiratory status deterioration. Recently pub-
lished interim analysis from the Mayo Clinic
Expanded Access Program for convalescent
plasma in the USA reported similar experience
[23].

Upon admission to the hospital, the two
cohorts were similar in their demographic
characteristics, pre-illness functional status,
comorbidities, initial clinical presentation to
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the hospital, and initial disease severity. How-
ever, at the time of convalescent plasma
administration, the groups diverged on their
disease severity and duration from disease onset
to plasma therapy. The patients in our study
who received convalescent plasma earlier in
their disease course (severe illness group) had
significantly more favorable primary and sec-
ondary clinical outcomes as compared to the
critical group. We speculate that convalescent
plasma given earlier in the disease course, and
with adequate anti-SARS-CoV-2 antibodies
arrested the progression to irreversible compli-
cations like ARDS or organ failure. In addition,
we found that patients who survived in both
groups had shorter times between onset of
symptoms and convalescent plasma adminis-
tration compared to those that died. Our
patients received convalescent plasma with at
least 1:320 titer of total anti-SARS-CoV-2 anti-
body, with majority of them receiving two
consecutive units of 200 mL. This was done to
maximize the potential therapeutic effect of the
neutralizing anti-SARS-CoV-2 antibody. To our
knowledge, there are no published reports with
similar treatment strategy. The combination of
using two units of convalescent plasma and
high anti-SARS-CoV-2 antibody titer could have
accounted for their relatively large therapeutic
effect relative to other studies.

The literature suggests that convalescent
plasma may be more beneficial when adminis-
tered sooner to disease onset [16, 17]. Data
recently published on COVID-19 suggested
favorable clinical outcomes when convalescent
plasma is given earlier in the course of disease
[21–25, 27–29], and with higher content of anti-
SARS-CoV-2 antibody [27, 29]. Our finding is
consistent with the literature that treating
patients with COVID-19 disease with convales-
cent plasma earlier in the disease course, and
within the first 2 weeks following symptom
onset may promote recovery [30]. Perhaps ear-
lier treatment with convalescent plasma with
adequate anti-SARS-CoV-2 antibodies allows
antibodies to neutralize the virus before irre-
versible complications [19]. Vasopressor,
antibiotics, and renal replacement therapy were
utilized at higher rate in the critical group—we
speculate that these therapies were proxies for

serious and refractory complications among
critically ill patients that could not be reversed
by administration of convalescent plasma. We
also speculate that the difference in hydroxy-
chloroquine utilization between the two groups
is likely a reflection of the change of evidence in
association with hydroxychloroquine efficacy
and safety and subsequent change in practice
during our study.

The published literature on mortality of
hospitalized patients with COVID-19 and ARDS
needing invasive ventilatory support is evolv-
ing, as earlier published reports significantly
underestimated hospital mortality when signif-
icant numbers of patients included in the
analyses were still in the hospital [10, 14, 31].
Recent reports from Germany, Italy, and the UK
estimated the mortality rate in this population
to be at least 48–55%, which is consistent with
our experience [31–33]. It is important to note
that in our study, we only enrolled patients
with severe or critical disease per the emergency
IND issued by the US FDA. Many patients in the
critical illness group had been hospitalized for
an extended period and sustained serious lung
damage prior to receiving convalescent plasma,
and many remained hospitalized for weeks prior
to death or discharge. Our enrolled patients
may have been sicker and further along in the
course of disease compared to other non-en-
rolled patients with COVID-19 in the ICU.
Similar to the Mayo CP project, our study was
pragmatic, and patients were enrolled on the
basis of the judgment of their treating
physicians.

As a result, our study may have been subject
to ‘‘compassionate selection bias’’ toward sicker,
and some were dying patients for whom noth-
ing else could be done. This is an important
limitation of our study and other studies that
were approved under the emergency IND for
convalescent plasma solicited by the FDA.
Other important limitations in this study
include its open-label design, no placebo con-
trol group, and modest sample size. However,
despite the study design and power limitations,
one interpretation of this result is that the
therapeutic effect of convalescent plasma, when
given early in disease course and in adequate
amount, is so strong that signals of efficacy
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break through all the confounding noise to
reduce mortality. Our research is important as it
meaningfully contributes to the question whe-
ther convalescent plasma is safe, and it sheds
light on important factors that are associated
with favorable outcomes including recovery
and survival.

CONCLUSIONS

For patients with severe or critical COVID-19
disease, convalescent plasma from recovered
patients with COVID-19 is safe and has the
potential for positive impact on clinical out-
comes including recovery and survival if given
early in the course of the disease, and in ade-
quate amount. Our study makes a strong case
for the importance of pursing a randomized
placebo controlled trial focused on enrolling
patients early in the course of their disease to
further explore experimentally the efficacy and
effectiveness of convalescent plasma with ade-
quate anti-SARS-CoV-2 antibodies in COVID-
19.
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