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Abstract
Background: SARS-CoV-2 and its associated disease, COVID-19, has infected over seven million people world-wide,
including two million people in the United States. While many people recover from the virus uneventfully, a subset
of patients will require hospital admission, some with intensive care needs including intubation, and mechanical
ventilation. To date there is no cure and no vaccine is available. Passive immunotherapy by the transfusion of
convalescent plasma donated by COVID-19 recovered patients might be an effective option to combat the virus,
especially if used early in the course of disease. Here we report our experience of using convalescent plasma at a
tertiary care center in a mid-size, midwestern city that did not experience an overwhelming patient surge.
Methods: Hospitalized COVID-19 patients categorized as having Severe or Life-Threatening disease according to
the Mayo Clinic Emergency Access Protocol were screened, consented, and treated with convalescent plasma
collected from local donors recovered from COVID-19 infection. Clinical data and outcomes were collected
retrospectively.
Results: 31 patients were treated, 16 severe patients and 15 life-threatened patients. Overall mortality was 27% (4/
31) but only patients with life-threatening disease died. 94% of transfused patients with severe disease avoided
escalation to ICU care and mechanical ventilation. 67% of patients with life-threatening disease were able to be
extubated. Most transfused patients had a rapid decrease in their respiratory support requirements on or about day
7 following convalescent plasma transfusion.
Conclusion: Our results demonstrate that convalescent plasma is associated with reducing ventilatory requirements
in patients with both severe and life-threatening disease, but appears to be most beneficial when administered
early in the course of disease when patients meet the criteria for severe illness.
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Background
SARS-CoV-2 and its associated disease, COVID-19, has
infected over seven million people world-wide, including
two million people in the United States [1]. While many
people recover from the virus uneventfully, a subset of
patients will require hospital admission, some with intensive care needs including intubation, and mechanical
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ventilation [2]. To date there is no cure and no vaccine
is available. In April 2020, the FDA gave permission to
the medical community to conduct clinical trials using
investigational COVID-19 convalescent plasma to treat
infections in hospitalized patients under a single-patient
emergency Investigational New Drug [1]. Passive
immunization with convalescent plasma was first used
as a therapy for diphtheria in 1892 and was the subject
for the first Nobel Prize in Physiology and Medicine in
1901. More recently, convalescent plasma was used as a
therapy to combat the SARS and MIRS coronaviruses
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[3]. In March, 2020 the first report of convalescent
plasma to treat COVID-19 was published [4]. In the
United States the use of convalescent plasma has been
made widely available via and Food and Drug Administration approved Expanded Access Protocol administrated through Mayo Clinic.
As has been previously described, our institution was
one of the earliest donor sites for COVID-19 convalescent plasma in the US, and initially provided 25% of the
total national donor pool for the American Red Cross
[5]. Our hospital is in Dane County, Wisconsin, part of a
generous donor community in the Midwest that is a significant net exporter of blood products to the rest of the
US. The county population is 546,700 people, half of
whom live in the state capital, Madison, where our large,
academic tertiary care center is located. Madison is a
mid-size city with no high-rise buildings, a modest public transit / bus system and a median income of $71,
790.00. It is also home to the state government and the
flagship University of Wisconsin campus, which has 44,
000 students including many national and international
enrollees. While larger cities like New York City and Seattle were experiencing large surges in the volume of
critically ill patients in their health systems, the health
care system in Madison saw relatively modest numbers
of COVID-19 patients [6–8].
We describe our experience treating a series of
COVID-19 patients with severe or life-threatening
disease with convalescent plasma. Ventilatory and final
patient outcomes are discussed, and the results
compared to previously published data on convalescent
plasma treatment.

Methods
This study was approved by the University of Wisconsin
Institutional Review Board. Cases met all criteria for
enrollment under the Mayo Clinic Expanded Access
Protocol (IND # 20–003312) and gave written, informed
consent for CP transfusion and data collection. Enrollment criteria are described elsewhere [9]. Briefly, all
enrollees had laboratory confirmed COVID-19 with
either severe or life-threatening disease. Severe disease
was defined as the presence of subjective dyspnea, a
respiratory frequency ≥ 30/min, blood oxygen saturation ≤ 93% on room air, partial pressure of arterial
oxygen to fraction of inspired oxygen ratio < 300, and/or
lung infiltrates > 50% within 24 to 48 h. Life-threatening
disease was defined as respiratory failure, septic shock,
and/or multiple organ dysfunction or failure at the time
of transfusion.
COVID-19 convalescent plasma was collected from a
local donor recruitment and referral program in collaboration with the American Red Cross. Briefly, in
response to guidance from the FDA dated April 3, 2020
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We convened a local working group to establish a
University of Wisconsin Hospital-based COVID-19
Convalescent Plasma program for both candidate recipients and potential COVID-19 recovered donors. Stakeholders were assigned to issues within their expertise
including transfusion, the University’s Office of Clinical
Trials, the Media Relations, and the local American Red
Cross donor center. The Transfusion Medicine section
developed an inventory and ordering process for convalescent plasma units within our electronic medical
record system. The Office of Clinical Trials worked
closely with American Red Cross and Food and Drug
Administration to ensure compliance with rapidly evolving rules. Office of Clinical Trials staff also worked with
potential donors identified by University of Wisconsin
clinician referral or self-referral through local media
coverage and via information provided to patients in the
discharge instructions after all COVID-19 related hospital admissions. Potential donors were then screened
and recruited to donate via a scripted telephone interview. The local American Red Cross established a
process for receiving prospective donors and worked
with national leadership to develop long-term protocols.
The process of collecting plasma at the American Red
Cross involved specialized machines that separated
plasma from other blood components. Briefly, a donor’s
height, weight, platelet count and blood type are entered
into a specialized extraction machine. This machine
(also called TRINA or ALYX) draws blood and transfers
it into a centrifuge, which separates the components of
the blood and transports what is being collected (platelets and/or plasma) into collection bags and returns the
remaining product to the donor. This machine is set up
with a collection kit that includes blood bags and a centrifuge chamber. Additionally, anticoagulant is included
as part of this process, which will be returned to the
donor along with the red blood cells. The machine
switches from draw to return every 45 s. Once collected,
the plasma is frozen for transport to the hospital. Once
at the hospital, a thawed product (volume of approximately 250–300 mL) is transfused into the recipient
patient intravenously over 1 h.
Recipient data were abstracted from the medical
record into a standardized case report form. Results
were presented with descriptive statistics. Parametric
and non-parametric tests were used as appropriate. All
analyses were performed using commercially available
statistical software (Enterprise Guide 7.1, SAS, Cary,
North Carolina).

Results
All appropriate regulatory, Institutional Review Board
and patient care protocols were in place to begin transfusions by April 9, 2020. The first unit from our donor
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screening program was collected on April 10, 2020 with
acceptable units available for patient transfusion on
April 12, 2020.
Between April 12 and June 2, 2020, there were 62
inpatient admissions for COVID-19 with severe or lifethreatening disease. Of these, 31 met all inclusion
criteria, gave consent, and received convalescent plasma.
Among the 31 transfused patients, 15/31 (48%) met criteria for life-threatening disease, and 16/31 (52%) met
criteria for severe disease at time of transfusion. Five
patients were already in-house and were consented to
receive plasma before units were available from our
blood supplier. Four of these five patients had already
progressed to or had presented with life-threatening
disease at the time of transfusion. Characteristics of
transfused patients are summarized in Table 1. In general, treated patients were not severely ill as measured
by Sequential Organ Failure Assessment scores, but
inflammatory markers were elevated. A comparison of
Table 1 Characteristics of patients receiving COVID-19
convalescent plasma at time of transfusiona
Characteristic

All patients
(N = 31)

Sex – no. (%)
Female

10 (32)

Male

21 (68)

BMI

37.4 ± 10.5

Classification of COVID-19 Illness – no. (%)
Severe

16 (52)

Life-threatening

15 (48)

Respiratory support at time of transfusion – no. (%)
None

2 (6)

Low-flow nasal cannula

11 (35)

High-flow nasal cannula

8 (26)

Mechanical ventilation

10 (32)

Sequential Organ Failure Assessment (SOFA) Score

2 [4]

C-reactive protein – mg/dL

15.5 ± 9.5

D-dimer – mcg/mL

2.6 ± 4.0

Ferritin – ng/mL

1532 ± 1414

Hospital length of stay in days

12 [22]

Days from CP transfusion to discharge

7 [14]

Final disposition – no. (%)

a

Home

15 (48%)

Inpatient rehabilitation then home

2 (7%)

Skilled nursing facility or long-term care

5 (5%)

Dead

4 (13%)

Ongoing inpatient care

5 (16%)

Plus-minus values are means ± SD, values with brackets are medians
[interquartile range]
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characteristics between transfused patients graded with
severe or life-threatening illness are summarized in
Table 2. Patients with life-threatening disease were not
significantly different from those with severe disease at
time of transfusion with regard to sex, Basic Metabolic
Index, d-dimer or ferritin levels, but had significantly
higher Sequential Organ Failure Assessment scores and
c-reactive protein levels and had longer hospital stays.
No patients with severe disease died, compared to four
(27%) with life-threatening disease (p = 0.032).
Inpatient respiratory support requirements over
time for patients with severe disease are summarized
in Fig. 1. Among the 16 patients that were transfused
for severe disease one (6%) had progressive respiratory dysfunction and ultimately required intubation
five days after transfusion of convalescent plasma
(eight days after hospital admission, 13 days after onset of symptoms). Another remains inpatient on room
air with persistently positive SARS-CoV-2 Polymerase
Chain Reaction testing and is awaiting transfer to a
skilled nursing facility. Of the remaining patients with
severe illness, all fourteen were discharged, most on
room air. Three of these patients were transferred to
skilled nursing or long-term care facilities and the remainder went home with self-care. The median length
of hospitalization in this groups was 9 days (mean
11.1 ± 6.9 days and range 4–29 days).
Inpatient respiratory support requirements over time
for patients with life-threatening disease are summarized
in Fig. 2. Twelve (80%) required intubation and mechanical ventilation at some point during their hospital stay.
Nine of these were intubated for management of acute
respiratory failure within 24 h of admission to the hospital, the other 3 were intubated for progressive respiratory failure 5, 5, and 7 days after admission respectively.
Only one of the 12 ventilated patients received convalescent plasma prior to intubation: he was on 100% O2 via
high-flow nasal cannula at the time of transfusion and
was intubated 15 h later. Ultimately, 8 (67%) were extubated, after a median of 10 days since convalescent
plasma transfusion. Six of the eight extubated patients
have been discharged from the hospital: four to self-care
at home, one to a skilled nursing facility, and one to a
long-term care facility. The median length of stay for the
six patients that required mechanical ventilation (excluding the patients that died or remained hospitalized) was
26 days (IQR 19.75, range 5–38 days).
Of the three patients with life-threatening disease who
were not intubated at the time of transfusion, all three
were in severe respiratory distress. One was transferred
from a memory care facility and had a signed Do Not
Intubate order, one had recently self-extubated during
an episode of delirium and did not require re-intubation,
and one adamantly refused intubation.
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Table 2 Characteristics of patients with severe vs. life-threatening disease receiving COVID-19 convalescent plasma at time of
transfusiona
COVID-19 Classification
Severe

Life-Threatening

n = 16

n = 15

pb

Female sex – no. (%)

7 (44)

3 (20)

0.252

BMI

37.3 ± 8.4

37.5 ± 12.6

0.964

Sequential Organ Failure Assessment (SOFA) Score

0 [1.5]

4 [2]

0.001

C-reactive protein – mg/dL

12.0 ± 9.8

19.5 ± 7.6

0.028

D-dimer – mcg/mL

1.86 ± 3.08

3.55 ± 4.96

0.271

Ferritin – ng/mL

1469 ± 1764

1594 ± 1018

0.821

In-Hospital Death – no. (%)

0

4 (27%)

0.037

Length of stay – days

9 [4]

21.5 [25.5]

0.012

a

Plus-minus values are means ± SD, values with brackets are medians [interquartile range]
b
Fisher’s exact test, Student’s T-test, or Wilcoxon-Mann-Whitney test as appropriate

Discussion
We report a case series of 31 patients with either serious
or life-threatening COVID-19 infection treated with
COVID-19 convalescent plasma who demonstrated
favorable clinical outcomes when compared to those
reported in the literature to date. For both severe and
life-threatened patients, respiratory support requirements began to decrease at about day 7. Once the ventilatory requirements began to decrease, they did so
rapidly. Most patients were able to be discharged home
on room air. The overall mortality was 13% (4/31).
Among patients who were admitted with infection that
met the criteria for severe disease and were transfused
convalescent plasma prior to the development of respiratory failure the mortality to date is zero, and only one
patient (6%) has had subsequent escalation of respiratory
failure requiring mechanical ventilation. Among our patients with life-threatening disease we report an

extubation rate of 67%. Overall, compared to outcomes
reported in the literature to date, patients transfused
convalescent plasma appear to have better outcomes in
the face of both severe and life-threatening disease [10,
11]. Our results would have been more significant with a
larger sample size, however our hospital did not experience a large COVID-19 patient surge prior to this manuscript. Also, as the large majority of our COVID-19
patients were transfused with convalescent plasma in
this time period, a matched control group was not
possible.
Our results are consistent with other early reports of
outcomes in COVID-19 patients transfused with convalescent plasma. A recent cohort study by Liu and
colleagues of 39 cases and 156 matched controls from
Mount Sinai hospital in New York City reported a 12.8%
mortality rate among patients with severe or worse disease who received convalescent plasma, and significantly

Fig. 1 Legend: Inpatient respiratory support type by hospital day among COVID-19 patients with life-threatening disease receiving convalescent
plasma (n = 15). The asterisk (*) marks that three patients were excluded from the tally because their final respiratory status is not known. At the
time of last follow-up, two were on mechanical ventilation and one was on high-flow nasal cannula

Hartman et al. Translational Medicine Communications

(2020) 5:17

Page 5 of 6

Fig. 2 Legend: Inpatient respiratory support type by hospital day among COVID-19 patients with severe disease receiving convalescent plasma
(n = 16). The asterisk (*) marks that two patients were excluded from the tally because their final respiratory status was not known. At the time of
last follow-up, one was on mechanical ventilation and one was on low-flow nasal cannula

better outcomes among patients transfused prior to
mechanical ventilation [12]. Transfused patients were
very similar to ours with respect to inflammatory
markers and distribution of respiratory support requirements. Although we have no basis for internal comparison because our transfused rate was high and overall
case numbers prevented us from matching a control
group, our experience reinforces the suggestion that
early administration is of greater clinical benefit than
delaying transfusion under the development of severe
disease. This is in line with one of the first published
randomized clinical trials of convalescent plasma, in
which Li and colleagues found clinical improvement was
limited to those with without life-threatening disease,
with 91% improvement in the plasma group compared
to 68% in the control arm [13].
We observed a high rate clinical improvement among
mechanically ventilated patients who received COVID19 convalescent plasma. Although 4 (29%) of our
patients with life-threatening disease died, 9 (64%) has
improve respiratory by 14 days after transfusion. Improvement with convalescent plasma in patients already
requiring mechanical ventilation is in line with one of
the early reports of convalescent plasma treatment by
Shen et al., who reported on improvement in multiple
clinical parameters in five of five (100%) patients transfused convalescent plasma [5]. Li and colleagues, by
contrast, saw only a 10% rate of improvement among
intubated patients receiving convalescent plasma 14 days
after transfusion.
One potential confounding factor in the improved outcomes we have seen could be the regional/geographical
differences in outcomes as have been reported in the literature. Unlike the large patient surges experienced in
Seattle and then in New York City, the healthcare

system in Dane County/Madison, including at University
Hospital, has not experienced a large or overwhelming
surge of patients. In the initial reports from the Seattle
area, a substantial number of patients (81%) were
initially admitted to the intensive care unit, requiring intubation and mechanical ventilation, and by mid-March,
2020, they reported a mortality of 67% and the continued critical care needs of an additional 24% of patients
[8]. Similarly, from March and April, 2020, New York
City area hospitals experienced mortality rates as high as
70 to 90% in patients requiring mechanical ventilation
[9]. Among 257 critical care admissions in the New York
Presbyterian/Columbia hospital system 39% have died
with the death rate being much higher at 79% for the
203 patients requiring mechanical ventilation. By contrast the overall death rate in our transfused cases was
only 13% and to date, at worst 29% in those requiring
mechanical ventilation [10].
Ji and colleagues described how infection prevalence
compared to resource availability and healthcare burden
are directly related to differences in mortality as seen in
various areas of China. For instance, in the Wuhan province, the epicenter of the pandemic, mortality rates were
reported to be greater than 3–4% where in other, even
more populous areas, of China mortality was less than
1%. They go on to describe that mortality appears to be
related to the incidence of disease per capita and the resources available in the local healthcare system to absorb
and care for the number of cases in need [14]. This may
well be part of the phenomenon of less aggressive
appearing disease seen in the Dane County and Madison
area. Dane County, with a population of approximately
550,000, has an infection rate of 143/100,000 population
and a mortality rate of only 5/100,000. Other more populated and dense areas such as New York City have
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incidence rates 20 times greater than ours and mortality
rates 50 times higher [10].
Our report has significant limitations. Because our institution did not see a large COVID-19 patient surge like
those experienced elsewhere, we were unable to develop
a well-matched control group for the purposes of
comparison. Our patient population is also relatively
homogenous and with good access to medical care. In
addition, because most of our convalescent plasma came
from donors in the earliest phases of collection, we did
not have donor antibody titers available for analysis.

Conclusion
Our experience to date at a large Midwest academic medical center demonstrates evidence of clinical benefit for
patients treated with COVID-19 convalescent plasma in
both the severe and life-threatening patient populations.
Further, in both populations a de-escalation of oxygen
support appears to occur at about 7 days after convalescent plasma transfusion, and the support decline is rapid
after that. Although our data supports the promise of this
therapy it also underscores the importance of ongoing and
additional planned randomized clinical trials of convalescent plasma in the full spectrum of COVID-19 clinical
presentations from salvage therapy in critically ill, mechanically ventilated patients to post-exposure prophylaxis/
prevention in high risk individuals [15].
Acknowledgements
We are grateful for the tremendous help in preparing this manuscript by the
University of Wisconsin-Madison Office of Clinical Trials.
Authors’ contributions
All authors contributed in the data collection and analysis for this report.
Hartman, Hess, and Connor all provided intellectual, literary, and proofreading assistance for this report. The authors read and approved the final
manuscript.
Authors’ information
Not applicable.
Funding
Funding provided by a grant administered to William Hartman by the
University of Wisconsin-Madison Institute of Clinical and Translational Research (ICTR).
This study was supported in part by a US Department of Health and Human
Services (HHS), Biomedical Advanced Research and Development Authority
(BARDA) grant contract 75A50120C00096, National Center for Advancing
Translational Sciences (NCATS) grant UL1TR002377, Schwab Charitable Fund
(Eric E Schmidt, Wendy Schmidt donors), United Health Group, National
Basketball Association (NBA), Millennium Pharmaceuticals, Octopharma
Octapharma USA, Inc., and the Mayo Clinic.
Availability of data and materials
All data and materials are stored in a secured server in the University of
Wisconsin Office of Clinical Trials and is readily available upon request.
Ethics approval and consent to participate
Verbal and written consent was provided by all participants or their proxy
per the Mayo Clinic Expanded Access program and the University of
Wisconsin IRB.

Page 6 of 6

Consent for publication
Consent is provided for publication of results.
Competing interests
The authors declare they have no competing interests in the publication of
this report.
Author details
1
Department of Anesthesiology, University of Wisconsin-Madison, Madison,
USA. 2Department of Pathology and Laboratory Medicine, University of
Wisconsin-Madison, Madison, USA.
Received: 4 August 2020 Accepted: 18 September 2020

References
1. https://www.fda.gov/vaccines-blood-biologics/investigational-new-drug-indor-device-exemption-ide-process-cber/recommendations-investigationalcovid-19-convalescent-plasma. Accessed 3 Apr 2020.
2. Zhou F, Yu T, Du R, et al. Clinical course and risk factors for mortality of
adult inpatients with COVID-19 in Wuhan, China: a retrospective cohort
study. Lancet. 2020;395(10229):1038 published correction appears in Lancet.
2020.
3. Casadevall A, Pirofski L. J Clin Invest. 2020;130(4):1545–8. https://doi.org/10.
1172/JCI138003.
4. MarShen C, Wang Z, Zhao F, et al. Treatment of 5 critically ill patients with
COVID-19 with convalescent plasma. JAMA. 2020;323(16):1582–9.
5. Hess AS, Connor J, Roginski C, Hesse K, Weiss JW, Hartman W. Rapid
development and refinement of a COVID-19 convalescent plasma donor
recruitment and screening program. Abstract submitted to the American
Association of Blood Banks Annual Meeting, Baltimore, Maryland; 2020,
October 3-6.
6. Richardson S, Hirsch JS, Narasimhan M, et al. Presenting characteristics,
comorbidities, and outcomes among 5700 patients hospitalized with
COVID-19 in the New York City area. JAMA. 2020;323(20):2052–9.
7. Cummings MJ, Baldwin MR, Abrams D, et al. Epidemiology, clinical course,
and outcomes of critically ill adults with COVID-19 in New York City: a
prospective cohort study. Lancet. 2020;395(10239):1763–70.
8. Arentz M, Yim E, Klaff L, et al. Characteristics and outcomes of 21 critically ill
patients with COVID-19 in Washington state [published online ahead of
print, 2020 mar 19]. JAMA. 2020;323(16):1612–1614.87.
9. https://www.uscovidplasma.org/. Accessed 3 Apr 2020.
10. Centers for Disease Control and Prevention, Department of United States
Health and Human Services. Geographic Differences in COVID-19 Cases,
Deaths, and Incidence - United States, February 12–April 7, 2020. MMWR
Morb Mortal Wkly Rep. 2020;69:465–71..
11. Porcheddu R, Serra C, Kelvin D, Kelvin N, Rubino S. Similarity in case fatality
rates (CFR) of COVID-19/SARS-COV-2 in Italy and China. J Infect Dev Ctries.
2020;14(2):125–8.
12. Liu STH, Lin HM, Baine I, Wainberg A, Gumprecht JP, Rahman F, et al.
Convalescent plasma treatment of severe COVID-19: A matched control
study. medRxiv. 2020. 05.20.20102236. https://doi.org/10.1101/2020.05.20.
20102236.
13. Li L, Zhang W, Hu Y, et al. Effect of convalescent plasma therapy on time to
clinical improvement in patients with severe and life-threatening COVID-19:
a randomized clinical trial. JAMA. 2020. https://doi.org/10.1001/jama.2020.
10044.
14. Ji Y, Ma Z, Peppelenbosch MP, Pan Q. Potential association between COVID19 mortality and health-care resource availability. Lancet Glob Health. 2020;
8(4):e480. https://doi.org/10.1016/S2214-109X(20)30068-1.
15. Casadevall A, Joyner MJ, Pirofski L. A randomized trial of convalescent
plasma for COVID-19—potentially hopeful signals. JAMA. 2020. https://doi.
org/10.1001/jama.2020.10218.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

