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Abstract: Background

Convalescent plasma is a potential therapy for COVID-19. Using existing resources at
a single academic medical center, we established an integrated convalescent plasma
treatment and antibody research program to treat patients with severe COVID-19 and
to advance vaccine design.

Methods

We redeployed existing hospital infrastructure and personnel to conduct an open label
clinical trial to treat hospitalized COVID-19 patients. Confirmed COVID-19
convalescent plasma donors were recruited 28 days following symptom resolution.
Whole blood donation occurred at our institution’s blood establishment and plasma
was processed in standard fashion. Clinical, cellular and serological characterization of
donors and recipients was performed.

Findings

16 days after study initiation, 548 interested convalescent plasma donors were
recruited and 10 recipients were transfused. Interested donors were mostly female
(61.9%) and commonly first-time blood donors (36.3%). Convalescent plasma
transfused into 10 recipients contained variable levels of anti-receptor binding domain
(range 1:73 to 1:3892) and anti-spike (range 1:69 to 1:2921) antibody titer. Two
recipients were on venovenous extracorporeal membrane oxygenation, one was
mechanically ventilated, one was on high-flow nasal cannula and the remainder were
on nasal cannula or room air. Five had received anti-viral or anti-inflammatory
treatments and two were immunosuppressed after lung and stem cell transplantation.
Respiratory support, SOFA scores and C-reactive protein levels variably improved.
Nasopharyngeal SARS-CoV-2 remained positive in 8 patients at day 7 post-
transfusion. No mortality or toxicity was observed; four recipients were discharged (one
was readmitted).

Interpretation

Developing a convalescent plasma therapy and translational research program for
COVID-19 is feasible and safe within existing hospital infrastructure. The availability of
a pre-existing hospital-based blood establishment significantly eased convalescent
plasma procurement. Variability among convalescent antibody titers and treatment
response exists. No adverse events, including antibody-dependent disease
enhancement, were observed. Further studies are needed to determine optimal
convalescent plasma donors, timing of therapy and clinical efficacy.
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ABSTRACT  

Background: Convalescent plasma is a potential therapy for COVID-19.  Using existing 

resources at a single academic medical center, we established an integrated convalescent plasma 

treatment and antibody research program to treat patients with severe COVID-19 and to advance 

vaccine design. 

Methods:  We redeployed existing hospital infrastructure and personnel to conduct an open label 

clinical trial to treat hospitalized COVID-19 patients.  Confirmed COVID-19 convalescent 

plasma donors were recruited 28 days following symptom resolution.  Whole blood donation 

occurred at our institution’s blood establishment and plasma was processed in standard fashion.  

Clinical, cellular and serological characterization of donors and recipients was performed.    

Findings:  16 days after study initiation, 548 interested convalescent plasma donors were 

recruited and 10 recipients were transfused.  Interested donors were mostly female (61.9%) and 

commonly first-time blood donors (36.3%).  Convalescent plasma transfused into 10 recipients 

contained variable levels of anti-receptor binding domain (range 1:73 to 1:3892) and anti-spike 

(range 1:69 to 1:2921) antibody titer.  Two recipients were on venovenous extracorporeal 

membrane oxygenation, one was mechanically ventilated, one was on high-flow nasal cannula 

and the remainder were on nasal cannula or room air.  Five had received anti-viral or anti-

inflammatory treatments and two were immunosuppressed after lung and stem cell 

transplantation.  Respiratory support, SOFA scores and C-reactive protein levels variably 

improved.  Nasopharyngeal SARS-CoV-2 remained positive in 8 patients at day 7 post-

transfusion.  No mortality or toxicity was observed; four recipients were discharged (one was 

readmitted).  

Interpretation:  Developing a convalescent plasma therapy and translational research program 

for COVID-19 is feasible and safe within existing hospital infrastructure.  The availability of a 

pre-existing hospital-based blood establishment significantly eased convalescent plasma 

procurement.  Variability among convalescent antibody titers and treatment response exists.  No 

adverse events, including antibody-dependent disease enhancement, were observed.  Further 

studies are needed to determine optimal convalescent plasma donors, timing of therapy and 

clinical efficacy. 

Funding: Department of Surgery, University of Chicago; National Institute of Allergy and 

Infectious Diseases (NIAID) Collaborative Influenza Vaccine Innovation Centers (CIVIC) 

contract 75N93019C00051 
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INTRODUCTION 

Convalescent plasma therapy has emerged from historical reports to become a viable 

therapeutic option for patients with COVID-19 disease (1, 2).  This treatment is based on the 

principle of passive antibody therapy where virus-neutralizing antibody is transferred by way of 

a plasma donation from a person who has recovered from COVID-19 to a patient who is 

currently ill with COVID-19.   

Convalescent plasma therapy has been successfully deployed for previous respiratory 

viral infection outbreaks such as influenza A (H5N1) (3), influenza A H1N1 (4) and SARS-CoV 

(5, 6) with results suggesting that convalescent plasma reduced viral load, cytokine response, 

length of stay and mortality.  A meta-analysis of 32 studies of SARS coronavirus infection and 

severe influenza showed that convalescent plasma or hyperimmune globulin treatment was safe 

and associated with lower mortality; however, most studies were heterogeneous and subject to 

bias (6). 

Four groups in China and South Korea have reported on their experience of using 

convalescent plasma for critically-ill patients with COVID-19 during the 2020 pandemic.  

Evidence of clinical, virological and radiographic improvement was demonstrated after plasma 

infusion in 19 patients from China (7-9) and two patients from South Korea (10).  However, 

questions persist over the safety of convalescent plasma, including the potential for antibody-

dependent enhancement of disease (11-13), and the feasibility of establishing convalescent 

plasma programs when medical centers are strained for resources during the pandemic. 

Convalescent plasma therapy is unique because, unlike anti-viral and anti-inflammatory 

drugs, plasma is reasonably inexpensive and is readily available once adequate numbers of 

people have convalesced and supply chain logistics are established.  Blood donation is essential 

to plasma therapy.  Here we conducted an open label clinical study to assess the feasibility and 

safety of developing an integrated convalescent plasma therapy and antibody research program 

within a single academic medical center.  Our experience highlights (1) how to establish a single-

center translational convalescent plasma program using existing hospital resources and personnel 

during a pandemic; (2) the safety and feasibility of the use of convalescent plasma for severe or 

life-threatening COVID-19; and (3) the clinical and immunological features of convalescent 

plasma donors and recipients.  
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METHODS 

 

Study design 

This was a prospective open label clinical study to assess the feasibility and safety of 

delivering anti-SARS-CoV-2 convalescent plasma to hospitalized patients aged 18 years of age 

or older with severe or life-threatening COVID-19 disease less than 21 days from the onset of 

their illness.  This study was conducted at University of Chicago Medicine (UCM) from April 

10, 2020 to May 6, 2020.  The final date of follow-up was May 6, 2020.  This study was 

approved by the Institutional Review Board (IRB20-0523).  All participants (plasma donors and 

plasma recipients) gave informed consent.  Analysis was performed by MLM.  This clinical trial 

was registered at ClinicalTrials.gov with identifier NCT04340050. 

 

Convalescent Plasma Donors 

 Plasma donors were age 18 or older, able to donate blood per standard UCM Blood 

Donation Center guidelines, had a prior documented COVID-19 polymerase chain reaction 

(PCR) positive test, and complete resolution of symptoms at least 28 days prior to donation.  

Recruitment occurred via social media, news outlets, word-of-mouth and announcements in 

university and community bulletins.  The infectious disease team provided a patient list from our 

institution with a positive PCR test for COVID-19, and their physicians were contacted by email 

to request permission to contact the patient for participation.  Interested plasma donors were 

directed to fill out a short screening survey online (https://is.gd/donateplasma).  Potential plasma 

donors meeting study criteria were consented, provided information on symptoms and 

comorbidities, and were scheduled for donation at the UCM Blood Donation Center in a single 

telephone encounter.  After meeting the UCM Blood Donation Center eligibility criteria for 

donors, whole blood donation was performed and processed according to standard UCM Blood 

Donation Center and Blood Bank procedures.  Whole blood donation with standard volumes was 

used because it fit into preexisting UCM Blood Bank workflow, allowed for rapid deployment of 

a collection process and because it allows red cell products and unused plasma units to be used in 

regular inventory.  In addition to samples for standard immunohematology testing and infectious 

disease screening, an additional sample was obtained for research biomarker and antibody 

studies.   

 

Convalescent Plasma Recipients 

 Plasma recipients were recruited based on the following criteria: age 18 or older, 

laboratory-confirmed COVID-19, within 21 days from the start of illness and severe or life-

threatening COVID-19 as defined by the United States Food and Drug Administration (FDA) 

(14).  Severe COVID-19 was defined as dyspnea, respiratory frequency ≥ 30/min, blood oxygen 

saturation ≤ 93%, partial pressure of arterial oxygen to fraction of inspired oxygen ratio < 300, 

and/or lung infiltrates > 50% within 24 to 48 hours.  Life-threatening COVID-19 was defined as 

respiratory failure, septic shock, and/or multiple organ dysfunction or failure.  Patients who were 

pregnant, received pooled immunoglobulin in the past 30 days or had a history of transfusion 

reaction were excluded from this study.  Recipients had routine pre-transfusion testing, in 

keeping with institution policies.   
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Convalescent Plasma Transfusion 

On the day of enrollment, an emergency investigational new drug (eIND) application was 

filed and approved for each recipient patient by the FDA (14).  Subsequently, one ABO-

compatible, thawed unit of fresh frozen convalescent plasma (~300 mL) was transfused over 4 

hours.  Repeat administration of convalescent plasma occurred in one recipient (R7).  Blood 

samples and nasopharyngeal swabs were obtained at day 0, 1, 3, 7, 14 from transfusion.    

 

Outcomes 

 The primary outcome was feasibility as defined by the collection of convalescent plasma 

and its administration into hospitalized patients.  Secondary outcomes included type and duration 

of respiratory support, cardiac arrest, transfer to intensive care unit (ICU), length of stay, 

mortality, complications of plasma administration and process outcomes.   

 

Antibody Test and Real-Time Polymerase Chain Reaction (RT-PCR) Detection of SARS-CoV-2 

Levels of anti-receptor binding domain (anti-RBD) and anti-spike antibodies were 

measured by enzyme-linked immunosorbent assay (ELISA) in blood samples taken from plasma 

donors and plasma recipients, as previously described (15).  Nasopharyngeal specimens were 

obtained by flocked swabs in plasma recipients and analyzed by RT-PCR to detect SARS-CoV-2 

RNA. 

 

Data Collection 

Study data were collected and managed using REDCap electronic data capture tools 

hosted at the University of Chicago Medicine (16, 17). REDCap (Research Electronic Data 

Capture) is a secure, web-based software platform designed to support data capture for research 

studies, providing 1) an intuitive interface for validated data capture; 2) audit trails for tracking 

data manipulation and export procedures; 3) automated export procedures for seamless data 

downloads to common statistical packages; and 4) procedures for data integration and 

interoperability with external sources. 

 

Statistical analysis 

Continuous variables were presented as the median and range.  Categorical variables 

were tabulated or depicted using GraphPad Prism 8.0 software. 
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RESULTS 

 

Establishing a convalescent plasma program 

We used the existing hospital infrastructure and personnel to build the convalescent 

plasma program at a time when state-wide stay-at-home orders were in place, elective procedures 

were not performed and non-COVID-19-related research activity and facilities were closed.  The 

donor enrollment team consisted of two surgeons, two general surgery residents, and three 

physician assistants.  A dedicated study coordinator was present at the UCM Blood Donation 

Center to facilitate whole blood donation, perform data entry, and collect research samples.  

Recipients were selected during daily videoconference with infectious disease.  One surgeon 

visited the hospital COVID-19 unit daily to obtain consent and research samples.         

Figure 1 shows the timeline of events from Institutional Review Board (IRB) submission 

to administration of convalescent plasma to the 10th recipient.  IRB approval was granted in 10 

days following the initial application.  After a coordinated media campaign to raise awareness of 

the need for plasma donation, the first plasma donation occurred 6 days after IRB approval.  The 

first unit of convalescent plasma was transfused at 10 days and the tenth unit of convalescent 

plasma was transfused at 16 days following IRB approval. 

Table 1 shows the characteristics of people who responded to our plasma donor 

recruitment efforts over the 16 days from study approval by the IRB to plasma transfusion into 

the 10th hospitalized patient with severe or life-threatening COVID-19 disease.  A total of 548 

people were recruited over 16 days.  The average age of interested donors was 55 years (range 19 

to 87), the majority were female (61.9%) and 36.3% had never donated blood before.  Only 348 

(63.5%) of interested donors met study inclusion criteria—most excluded donors did not have 

documentation of a positive COVID-19 PCR test.  Out of an initial 548 interested plasma donors, 

118 (21.5%) were scheduled for a blood donation and 29 (5.2%) donated blood within the first 

16 days of study enrollment.  After screening at the UCM Blood Bank Donation Center, 9.3% of 

donors were deferred. 

 

Characteristics of 11 convalescent plasma donors 

Demographics and symptomatology of the donors whose plasma was transfused into the 

initial 10 recipients are outlined in Table 2.  The average age was 39.6 (range 19 to 75) and 27% 

were female.  Prior symptoms of COVID-19 included fever, cough, dyspnea, sore throat, 

headache, myalgia, fatigue, abdominal pain/diarrhea, anosmia and ageusia; symptoms lasted for 

an average 6 days (range 2-11).  One plasma donor only experienced cough (D5) and only one 

donor experienced dyspnea (D4).  None of these donors were hospitalized.  The average time 

interval from symptom end to plasma donation was 30.8 days (range 28 to 40) and the average 

time interval from plasma donation to recipient transfusion was 5.9 days (range 3 to 11).  Donor 

antibody titers measured on day of plasma donation ranged from 1:73 to 1:3,892 (anti-RBD) and 

from 1:69 to 1:2,921 (anti-spike). 

 

Baseline characteristics of 10 convalescent plasma recipients 

Patient characteristics and transfusion information of 10 hospitalized patients with severe 

or life-threatening COVID-19 who received plasma are outlined in Table 3.  Single patient eIND 
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authorization was obtained prior to each transfusion; the response time for eIND approval was, 

on average, 27.3 minutes (range 7 to 56 minutes).  The average age of recipients was 61.9 years 

(range 30 to 86) and 40% were female.  The average time from symptom start to plasma 

transfusion was 12 days (range 2 to 21) and the average time from hospital admission to plasma 

transfusion was 6 days (range 2 to 17).  At the time of plasma transfusion, two patients were on 

venous-venous extracorporeal membrane oxygenation (VV ECMO), one patient was 

mechanically ventilated, two patients were on high-flow nasal cannula (HFNC), four patients 

were on nasal cannula and one patient was on room air.  Five patients had received  other 

therapies to treat COVID-19 before transfusion, including remdesivir, tocilizumab, anakinra and 

hydroxychoroquine.  Only one patient had no prior documented comorbidities.  One patient had 

undergone bilateral lung transplantation for cystic fibrosis (R8), one patient had undergone stem 

cell transplant for myelodysplastic syndrome (R7) and one patient had end-stage renal disease on 

chronic hemodialysis (R10). 

 

Clinical course after plasma transfusion  

Figure 2 shows selected clinical and laboratory parameters of the convalescent plasma 

recipients starting from the day of plasma infusion (day 0).  Only one recipient (R8) had fever 

prior to transfusion and this resolved by day 3 post-transfusion.  At 7 days post-transfusion, R3 

and R6 remained on VV ECMO and R9 remained on HFNC.  R1 had been mechanically 

ventilated but was extubated to HFNC on day 12.  In the remaining 6 recipients, oxygen 

requirements improved to room air except for R7 who was discharged to home on oxygen 

(2L/min by nasal cannula).  The Sequential Organ Failure Assessment (SOFA) score (18) was 

calculated for recipients on mechanical ventilation or ECMO and showed a general trend 

towards improvement; notably both ECMO patients were weaned off vasopressor and intra-

aortic balloon pump support by 7 days post-transfusion.  Levels of inflammatory marker C-

reactive protein (CRP) were variable.  CRP decreased in six recipients (R1, R2, R5, R6, R9, 

R10). 

Figure 3 combines data from recipient disposition and results of SARS-Cov2 NP swab 

PCR by day since plasma transfusion.  Four patients were discharged to home or place of prior 

residence: R8 (6 days post-transfusion), R4 (day 8), R2 (day 9), and R7 (day 6—readmitted on 

day 8, see below).  All of the patients who were on ECMO (R3, R6) or mechanically ventilated 

(R1) or on HFNC (R9) at the start of the study remain in the ICU.  Among the 4 recipients who 

clinically improved and were discharged, NP swab PCR results remained positive in 3 (R7, R2, 

R4) and turned negative on day 9 (R8).  R9 had a positive NP swab PCR prior to plasma 

transfusion, negative PCR at day 3 and a positive PCR at day 7 after transfusion.  NP swab PCR 

results not available or negative on day 0 were positive for SARS-CoV-2 prior to infusion for R6 

(17 days prior), R10 (3 days prior), R4 (13 days prior) and R8 (5 days prior).   

 

Use of convalescent plasma in high-risk populations 

 Patient R8 was a 30-year-old male with a history of cystic fibrosis who underwent 

bilateral lung transplantation 1 year prior.  He presented with fevers, chills and ageusia and labs 

showed acute kidney injury with Creatinine 3.6 mg/dL.  He tested positive for COVID-19 5 days 

prior to transfusion.  He continued on prednisone (5 mg daily) but tacrolimus (4 mg twice daily) 
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and mycophenalate mofetil (250 mg daily) were reduced.  On day 2 after plasma transfusion he 

defervesced.  His symptoms improved and he was discharged to home on day 6 after transfusion.  

At a follow-up clinic visit on day 9 his NP swab PCR was negative for COVID-19.    

 Patient R7 was a 57-year-old male with a history of myelodysplastic syndrome who 

underwent stem cell transplant 10 months prior.  He presented with fever, cough and dyspnea 

and tested positive for COVID-19 23 days prior to transfusion.  He was on chronic prednisone (5 

mg daily) and ruxolitinib (5 mg twice daily).  On his first admission, he was admitted to the ICU 

and required HFNC.  He underwent treatment with stress-dose steroids, remdesivir (2 doses), 

tocilizumab (1 dose) and anakinra (6-day course) and was discharged to home after 12 days on 

2L of nasal cannula.  He was readmitted to the hospital 3 days later with worsening dyspnea 

requiring up to 6L nasal cannula.  During this second admission he initially underwent empiric 

treatment for suspected lung graft-versus-host disease with tacrolimus and stress-dose steroids.  

He underwent convalescent plasma therapy on hospital day 8 and was discharged to home 4 days 

later on 2L nasal cannula.  He presented a third time to the emergency room 3 days later with 

worsening dyspnea with oxygen saturation 70% and was started on high-flow nasal cannula.  He 

was given a second unit of convalescent plasma 10 days after transfusion of the first unit.  He is 

currently less dyspneic on 4L nasal cannula.  His CRP remained less than 3 mg/L after plasma 

transfusion.  Immunoglobulin G (IgG) 6 days prior to initial plasma transfusion was low (588 

mg/dL, normal 800-1700 mg/dL) and increased to 621 mg/dL on day 1 after initial transfusion.  

IgG measured on day 10 (day of repeat transfusion) was 548 mg/dL.  Symptoms improved by 

day 13.          

Patient R10 was an 86-year-old female with history of heart failure, pulmonary 

embolism, stroke, peripheral artery disease, gluteal abscess and end-stage renal disease on 

hemodialysis who presented with fevers, dyspnea, altered mental status and abdominal pain.  

Plasma transfusion was timed for after dialysis to minimize the risk of volume overload.  She 

was weaned off supplemental oxygen at day 3 post-transfusion.  She was briefly admitted to ICU 

for three days with hypotension due to fluid removal from hemodialysis and poor oral intake.  

She continues to have altered mental status.   

 

Safety of convalescent plasma transfusion 

We monitored the clinical status of the recipients before, during and immediately after 

transfusion.  None of the 10 plasma recipients experienced toxicity associated with plasma 

transfusion.  There was one reported transfusion reaction (fever), which was found to represent 

underlying disease (fever was present prior to start of transfusion, due to COVID-19 

pneumonia).  There was no clinical deterioration or worsening of disease status after any of the 

plasma transfusion.   
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DISCUSSION 

In this study, we demonstrate the feasibility and safety of developing a translational 

convalescent plasma treatment program at a single academic medical center.  Integration within 

existing hospital infrastructure allowed us to minimize any potential strain on resources, 

maximize safety of hospital staff, recruit convalescent plasma donors and transfuse 10 

hospitalized patients with severe or life-threatening COVID-19 within 16 days.   

During the COVID-19 pandemic, hospital systems are constrained.  A national survey of 

hospital experiences responding to the COVID-19 pandemic conducted by the United States 

Department of Health and Human Services found that inadequate testing capability, shortage of 

critical supplies, decreased staff workforce, and overwhelmed hospital capacity are significant 

challenges facing hospitals (19).  To initiate convalescent plasma therapy at UCM, we 

established a cross-institution collaboration to combine the strengths of the Department of 

Surgery (convalescent plasma donor recruitment), the UCM Blood Bank and Blood Donation 

Center within the Department of Pathology (convalescent plasma collection and processing), the 

Department of Medicine (plasma recipient selection), and the Committee on Immunology 

(immunological characterization of plasma donors and plasma recipients).  Start-up time and 

costs were minimized by re-deploying established and experienced team members from Thoracic 

Surgery to lead this trial at a time when hospital volume for elective surgeries was low. 

The availability of a pre-existing hospital-based blood collection facility within our 

medical center significantly eased the procurement of convalescent plasma.  Such hospital-based 

facilities have been in significant decline in the last few decades due to budgetary constraints and 

hospital reprioritization, with 12% drop-out in the 2015 National Blood Collection and 

Utilization Survey (20).  Having the ability to collect and transfuse convalescent plasma in one 

site allowed us to assess both donor and recipient immunologic characteristics.  Cultivating 

region-specific convalescent plasma inventory may potentially facilitate the identification and 

isolation of antibodies with specific activity against local virus strains and be a useful model for 

future outbreaks. 

The clinical model of this single-center experience can be replicated in other medical 

centers without access to national blood bank services or in developing nations.  Unlike previous 

reports where convalescent plasma was collected by apheresis (7-10), the convalescent plasma 

harvested and administered in our program was derived from whole blood collection, which is a 

rapidly scalable technique that only requires a phlebotomist rather than a dedicated apheresis 

nurse and apheresis equipment.  In addition, a significant proportion (36.3%) of our plasma 

donors had never donated blood before, indicating that a convalescent plasma donation program 

can serve as important community outreach during a time when patients avoid hospitals that are 

perceived as not being safe (21).   

 Our results are similar to the convalescent plasma therapy experience reported from 

China and South Korea for patients with severe or life-threatening COVID-19 (7-10).  Some 

patients showed clinical improvement while others remained stable.  Importantly we demonstrate 

the safety of transfusing convalescent plasma in an immunosuppressed cohort, including those 

with renal failure, lung transplant, and stem cell transplant.  None of the plasma recipients in this 

study deteriorated after convalescent plasma transfusion.  Repeat plasma dose in recipient R7 

was also well-tolerated.  Pre-clinical models of SARS-CoV and clinical experience of other viral 
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illness had raised concern about the potential for non-neutralizing antibody to cause antibody 

dependent enhancement of disease (12, 13).  Variable titers of antibodies were detected in the 

donors of the present study, but no enhancement of disease was observed.    

Notably, NP swab RT-PCR remained positive for SARS-CoV-2 RNA in all recipients 

except for R6 whose RT-PCR result was negative on day of transfusion and R8 whose RT-PCR 

result was negative on day 9 post-transfusion; highlighting that viral shedding detected by NP 

swab may not correlate with viremia levels.   

The convalescent plasma used in our study had a wide range of antibody titer.  Other 

convalescent plasma donors to our program have had undetectable level of antibody (Patrick 

Wilson, personal communication).  The significance of antibody titer variability is unknown, 

however it does serve to reinforce that as antibody testing becomes more widely available (22), 

the particular type and titer of antibody with virus-neutralizing activity remains unknown.  

Many questions remain regarding convalescent plasma therapy.  Larger studies with 

longer-term follow-up and controlled cohorts to establish the efficacy of convalescent plasma 

treatment for COVID-19 are ongoing (NCT04355767, NCT04338360, NCT04323800, 

NCT04359810).  Previous randomized controlled trials using convalescent plasma or 

hyperimmune globulin for treatment of severe influenza A and B found no significant clinical 

improvement in outcome (23, 24).  However, the antibody virus-neutralizing capability of the 

plasma or hyperimmune globulin was not specifically established and therefore clinical efficacy 

may not directly correlate with antibody titer alone (25).  Convalescent plasma drawn shortly 

after natural infection is likely to be enriched for populations of protective antibodies that may 

not necessarily be present in plasma derived from long-recovered healthy donors (26).  Indeed, 

the case series from China and South Korea used convalescent plasma from donors who had 

been hospitalized with COVID-19 (7-10); in contrast, the population of donors who donated 

convalescent plasma for recipients in this study were never hospitalized.  Translational 

collaboration to clinically and immunologically characterize convalescent plasma donor and 

recipient pairs may elucidate what antibody type and titer are needed for therapeutic effect and 

what clinical characteristics predict an ideal convalescent plasma donor.  The integration of an 

antibody biology laboratory was a crucial aspect of our program and holds promise to advance 

the science of this therapy and inform vaccine development. 

In summary, development of a convalescent plasma program is feasible, rapidly 

deployable and economical when existing resources of equipment, space and personnel are used.  

While the direct benefits to patients with active COVID-10 remains to be determined, the 

benefits of community outreach and engagement with discovery scientists can be substantial. 
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TABLES 

 

Table 1.  Characteristics of plasma donor recruitment and enrollment at 16 days (April 10, 

2020 to April 26, 2020) 

 

 

 

Total number of interested donors recruited by online survey at 16 days (n=548) 

Age (years)—mean (range) 55 (19 – 87) 

Female—n (%) 339 (61.9) 

Previous blood donor—n (%) 349 (63.7) 

Positive COVID-19 PCR test—n (%) 348 (63.5) 

 

Total number of interested donors meeting screening criteria at 16 days (n=348) 

Age (years)—mean (range) 53.8 (19 – 87) 

Female—n (%) 202 (58.0) 

Previous blood donor—n (%) 222 (63.8) 

Duration of symptoms (days)—mean (range) 13.95 (2-41) 

Screened, consented and scheduled for 

donation at 16 days—n (%) 

138 (39.7) 

 

Scheduled blood donation appointment at 16 days (n=118) 

Donations at 16 days—n (%) 29 (24.6)  

Duration of time from symptom resolution to 

donation (days)—mean (range) 

30.5 (28 – 40) 

Deferrals at blood donation center—n (%) 11 (9.3) 
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Table 2.  Characteristics of 11 donors whose plasma was transfused into initial 10 recipients 
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1 44 M O+ 2           No 31 6 72.6 92.7 R2  

2 43 M A+ 9           No 31 3 78.7 305.1 R6  

3 19 M A+ 4           No 29 4 80.2 68.9 R1  

4 26 F AB+ 6           No 29 5 292.4 351.1 R5  

5 55 M B+ 2           No 40 6 382.0 716.3 R4  

6 34 M O+ 9           No 31 11 434.8 756.4 R10  

7 25 M B+ 6           No 29 5 585.4 580.4 R3  

8 58 M A+ 11           No 28 7 1312.8 1179.2 R9  

9 31 F B+ 3           No 28 5 2330.2 1648 R7 

10 26 F B+ 10           No 31 7 189.3 271.4 R7 

11 75 M A+ 4           No 32 6 3892.3 2921.1 R8  

Symptoms experienced by donors are highlighted in red.  RBD, receptor-binding domain.   
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Table 3.  Clinical characteristics of recipients receiving plasma for this study 

Respiratory 

support prior 

to plasma 

transfusion 

Recipient 

# 

Age Gender BMI Comorbidities Symptoms Previous 

COVID 

treatment 

Interval from 

symptom start 

to plasma 

transfusion 

(days) 

Interval from 

hospital 

admission to 

plasma 

transfusion 

(days) 

Veno-venous 

ECMO 

 

R3 51 F 36.0 HTN, DM, PE, asthma Fever, cough, 

dyspnea 

Remdesivir, 

tocilizumab 

21 14 

R6 59 M 28.9 HTN, DM Fever, chills, 

decreased appetite, 

dizziness 

Remdesivir, 

tocilizumab 

20 17 

Mechanical 

ventilation 

R1 57 M 31.0 HTN, DM, NAFLD 

 

Fever, cough, 

nausea 

Tocilizumab 10 3 

High-flow 

nasal cannula 

R9  78 M 24.4 HTN, prostate cancer Fever, cough none 14 6 

Nasal 

Cannula 

R5 66 F 28.2 HTN, PE/DVT, recent 

hospitalization for 

orthopedic procedure 

Altered mental 

status, dyspnea 

none 

 

 

9 2 

R7 1  57 M - HTN, Myelodysplastic 

syndrome s/p stem cell 

transplant 

Dyspnea Tocilizumab, 

anakinra 

9 8 

R10  86 F 32.2 ESRD on HD, stroke, 

PVD s/p AKA, DM, 

PE/DVT, CHF 

Dyspnea, 

abdominal pain 

none 6 2 

R2  61 M 26.4 none Cough, weakness, 

hiccups, altered 

mental status 

Hydroxy-

chloroquine 

16 3 

R4  74 F - HTN, Alzheimer’s 

disease 

Fever, altered 

mental status 

none 2 2 

Room air 

R8  30 M 23.2 Cystic fibrosis s/p 

bilateral lung 

transplant, DM 

Fever, chills, 

fatigue, ageusia 

none 13 3 

AKA, above the knee amputation; CHF, congestive heart failure; DM, diabetes mellitus; DVT, deep venous thrombosis; ESRD, end-

stage renal disease; HTN, hypertension; NAFLD, non-alcoholic fatty liver disease; PE, pulmonary embolism; PVD, peripheral 

vascular disease.  1R7 was admitted 2 weeks prior to the ICU with COVID-19 pneumonia and was on high-flow nasal cannula.  He 

was discharged to home on 2L oxygen but presented several days later with acute dyspnea. 
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FIGURE LEGENDS 

 

Figure 1. Study timeline.  Timeline of events shown from Institutional Review Board 

submission to 10th plasma transfusion.  

 

Figure 2.  Recipient clinical and laboratory parameters after plasma transfusion.  (A) 

Maximum daily temperature (Tmax, C); (B) Type of respiratory support required (ECMO, 

extracorporeal membranous oxygenation; Vent, mechanically ventilated; HFNC, high-flow nasal 

cannula; L, number of liters of oxygen on nasal cannula); (C) Sequential Organ Failure 

Assessment (SOFA) score for recipients on mechanical ventilation or ECMO; (D) Inflammatory 

marker C-reactive protein (CRP). 

 

Figure 3.  Recipient disposition and SARS-Cov2 nasopharyngeal (NP) swab PCR test 

result.  Disposition of the recipient by location in the hospital or hospital discharge and results of 

SARS-Cov2 NP swab PCR result by day since plasma transfusion.  Blue (ICU), orange (floor), 

gray (home). Positive NP swab PCR test is indicated by red triangle and negative test is indicated 

by green triangle.  Repeat plasma dosing indicated by black triangle. 

 

 

 

 

  

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=3605131



REFERENCES 

 

 

1. Casadevall A, Pirofski LA. The convalescent sera option for containing COVID-19. J Clin Invest. 
2020;130(4):1545-8. 
2. Chen L, Xiong J, Bao L, Shi Y. Convalescent plasma as a potential therapy for COVID-19. Lancet 
Infect Dis. 2020;20(4):398-400. 
3. Zhou B, Zhong N, Guan Y. Treatment with convalescent plasma for influenza A (H5N1) infection. 
N Engl J Med. 2007;357(14):1450-1. 
4. Hung IF, To KK, Lee CK, Lee KL, Chan K, Yan WW, et al. Convalescent plasma treatment reduced 
mortality in patients with severe pandemic influenza A (H1N1) 2009 virus infection. Clin Infect Dis. 
2011;52(4):447-56. 
5. Cheng Y, Wong R, Soo YO, Wong WS, Lee CK, Ng MH, et al. Use of convalescent plasma therapy 
in SARS patients in Hong Kong. Eur J Clin Microbiol Infect Dis. 2005;24(1):44-6. 
6. Mair-Jenkins J, Saavedra-Campos M, Baillie JK, Cleary P, Khaw FM, Lim WS, et al. The 
effectiveness of convalescent plasma and hyperimmune immunoglobulin for the treatment of severe 
acute respiratory infections of viral etiology: a systematic review and exploratory meta-analysis. J Infect 
Dis. 2015;211(1):80-90. 
7. Duan K, Liu B, Li C, Zhang H, Yu T, Qu J, et al. Effectiveness of convalescent plasma therapy in 
severe COVID-19 patients. Proc Natl Acad Sci U S A. 2020;117(17):9490-6. 
8. Shen C, Wang Z, Zhao F, Yang Y, Li J, Yuan J, et al. Treatment of 5 Critically Ill Patients With 
COVID-19 With Convalescent Plasma. JAMA. 2020. 
9. Zhang B, Liu S, Tan T, Huang W, Dong Y, Chen L, et al. Treatment With Convalescent Plasma for 
Critically Ill Patients With SARS-CoV-2 Infection. Chest. 2020. 
10. Ahn JY, Sohn Y, Lee SH, Cho Y, Hyun JH, Baek YJ, et al. Use of Convalescent Plasma Therapy in 
Two COVID-19 Patients with Acute Respiratory Distress Syndrome in Korea. J Korean Med Sci. 
2020;35(14):e149. 
11. Fleming AB, Raabe V. Current studies of convalescent plasma therapy for COVID-19 may 
underestimate risk of antibody-dependent enhancement. J Clin Virol. 2020;127:104388. 
12. Halstead SB. Dengue Antibody-Dependent Enhancement: Knowns and Unknowns. Microbiol 
Spectr. 2014;2(6). 
13. Liu L, Wei Q, Lin Q, Fang J, Wang H, Kwok H, et al. Anti-spike IgG causes severe acute lung injury 
by skewing macrophage responses during acute SARS-CoV infection. JCI Insight. 2019;4(4). 
14. Recommendations for Investigational COVID-19 Convalescent Plasma  [Available from: 
https://www.fda.gov/vaccines-blood-biologics/investigational-new-drug-ind-or-device-exemption-ide-
process-cber/recommendations-investigational-covid-19-convalescent-
plasma#Collection%20of%20COVID-19. 
15. Stadlbauer D, Amanat F, Chromikova V, Jiang K, Strohmeier S, Arunkumar GA, et al. SARS-CoV-2 
Seroconversion in Humans: A Detailed Protocol for a Serological Assay, Antigen Production, and Test 
Setup. Curr Protoc Microbiol. 2020;57(1):e100. 
16. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic data capture 
(REDCap)--a metadata-driven methodology and workflow process for providing translational research 
informatics support. J Biomed Inform. 2009;42(2):377-81. 
17. Harris PA, Taylor R, Minor BL, Elliott V, Fernandez M, O'Neal L, et al. The REDCap consortium: 
Building an international community of software platform partners. J Biomed Inform. 2019;95:103208. 
18. Vincent JL, Moreno R, Takala J, Willatts S, De Mendonca A, Bruining H, et al. The SOFA (Sepsis-
related Organ Failure Assessment) score to describe organ dysfunction/failure. On behalf of the Working 

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=3605131

https://www.fda.gov/vaccines-blood-biologics/investigational-new-drug-ind-or-device-exemption-ide-process-cber/recommendations-investigational-covid-19-convalescent-plasma#Collection%20of%20COVID-19
https://www.fda.gov/vaccines-blood-biologics/investigational-new-drug-ind-or-device-exemption-ide-process-cber/recommendations-investigational-covid-19-convalescent-plasma#Collection%20of%20COVID-19
https://www.fda.gov/vaccines-blood-biologics/investigational-new-drug-ind-or-device-exemption-ide-process-cber/recommendations-investigational-covid-19-convalescent-plasma#Collection%20of%20COVID-19


Group on Sepsis-Related Problems of the European Society of Intensive Care Medicine. Intensive Care 
Med. 1996;22(7):707-10. 
19. Services USDoHaH. Hospital Experiences Responding to the COVID-19 Pandemic: Results of a 
National Pulse Survey March 23-27, 2020  [Available from: https://oig.hhs.gov/oei/reports/oei-06-20-
00300.pdf. 
20. Ellingson KD, Sapiano MRP, Haass KA, Savinkina AA, Baker ML, Chung KW, et al. Continued 
decline in blood collection and transfusion in the United States-2015. Transfusion. 2017;57 Suppl 
2:1588-98. 
21. Lazzerini M, Barbi E, Apicella A, Marchetti F, Cardinale F, Trobia G. Delayed access or provision of 
care in Italy resulting from fear of COVID-19. Lancet Child Adolesc Health. 2020;4(5):e10-e1. 
22. al We. Test performance evaluation of SARS-CoV-2 serological assays. 
https://wwwmedrxivorg/content/101101/2020042520074856v1fullpdf. 2020. 
23. Beigel JH, Aga E, Elie-Turenne MC, Cho J, Tebas P, Clark CL, et al. Anti-influenza immune plasma 
for the treatment of patients with severe influenza A: a randomised, double-blind, phase 3 trial. Lancet 
Respir Med. 2019;7(11):941-50. 
24. Davey RT, Jr., Fernandez-Cruz E, Markowitz N, Pett S, Babiker AG, Wentworth D, et al. Anti-
influenza hyperimmune intravenous immunoglobulin for adults with influenza A or B infection (FLU-
IVIG): a double-blind, randomised, placebo-controlled trial. Lancet Respir Med. 2019;7(11):951-63. 
25. Kanjilal S, Mina MJ. Passive immunity for the treatment of influenza: quality not quantity. Lancet 
Respir Med. 2019;7(11):922-3. 
26. McGUIRE LW, REDDEN WR. TREATMENT OF INFLUENZA PNEUMONIA BY THE USE OF 
CONVALESCENT HUMAN SERUM: PRELIMINARY REPORT. Journal of the American Medical Association. 
1918;71(16):1311-2. 

 

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=3605131

https://oig.hhs.gov/oei/reports/oei-06-20-00300.pdf
https://oig.hhs.gov/oei/reports/oei-06-20-00300.pdf
https://wwwmedrxivorg/content/101101/2020042520074856v1fullpdf


Figure Click here to download Figure Fig 1 Timeline.jpg 

T
his preprint research paper has not been peer review

ed. E
lectronic copy available at: https://ssrn.com

/abstract=
3605131

https://www.editorialmanager.com/thelancet/download.aspx?id=1757917&guid=66951c4a-82b1-4502-925c-58760b59b8c2&scheme=1
https://www.editorialmanager.com/thelancet/download.aspx?id=1757917&guid=66951c4a-82b1-4502-925c-58760b59b8c2&scheme=1


Figure Click here to download Figure Fig 2 Clinical graphs.jpg 

T
his preprint research paper has not been peer review

ed. E
lectronic copy available at: https://ssrn.com

/abstract=
3605131

https://www.editorialmanager.com/thelancet/download.aspx?id=1757918&guid=9a113a6c-ce73-4039-be6d-4e950d8c9bb5&scheme=1
https://www.editorialmanager.com/thelancet/download.aspx?id=1757918&guid=9a113a6c-ce73-4039-be6d-4e950d8c9bb5&scheme=1


Figure Click here to download Figure Fig 3 Disposition.jpg 

T
his preprint research paper has not been peer review

ed. E
lectronic copy available at: https://ssrn.com

/abstract=
3605131

https://www.editorialmanager.com/thelancet/download.aspx?id=1757919&guid=8bfe51dc-dd71-49db-8458-7da451ed3fb2&scheme=1
https://www.editorialmanager.com/thelancet/download.aspx?id=1757919&guid=8bfe51dc-dd71-49db-8458-7da451ed3fb2&scheme=1

