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Abstract

Background: COVID-19 convalescent plasma (CCP) represents an appealing
approach to the treatment of patients with infections due to SARS-CoV-2. We
endeavored to quickly establish a sustainable CCP transfusion program for a
regional network of health care facilities.

Study design and methods: A regional collaborative group was activated to
address the issues necessary to implementing a CCP transfusion program and
making the program sustainable. A wide range of health care providers includ-
ing physicians (critical care, infectious disease, transfusion medicine), nurses,
pharmacists, laboratorians, and information technology (IT) specialists were
required to make the program a success.

Results: The CCP implementation team initially consisted of four members
but quickly grew to a group of nearly 20 participants based on different issues
related to program implementation. Overall, six major implementation
“themes” were addressed: (a) registration of individual hospitals and principal
investigators with a national investigational new drug research protocol;
(b) collaboration with a regional blood donor center; (c) targeted recruitment
of convalesced donors; (d) IT issues related to all aspects of CCP ordering, dis-
tribution, and transfusion; (e) prioritization of patients to receive CCP; and (f)
evaluation of CCP products including antibody characteristics and patient
response to therapy.

Conclusion: Within 4 weeks of initiation, CCP was successfully transfused at
multiple hospitals in our regional health care delivery system. A program
infrastructure was established that will make this program sustainable into the
future. This approach has broader implications for the success of multi-
institutional programs requiring rapid implementation.

SARS-CoV-2 is a novel coronavirus and is the etiologic
agent of COVID-19." It is a single-stranded RNA virus
that was first identified in Wuhan, China, in December
2019. Although brought under control locally, the virus
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proved to be highly communicable with infection
declared to have reached pandemic status by the WHO
on 11 March 2020.> Since that time, the virus has been
detected in virtually every country in the world, has cau-
sed well over 4 million cases of disease, and is responsible
for hundreds of thousands of deaths.’ The United States
has not been immune to the ravages of COVID-19 and
now accounts for the highest number of cases and associ-
ated fatalities worldwide.’

A variety of antiviral agents, and combinations of
agents, are under intense evaluation for the treatment of
COVID-19.% In addition, multiple vaccine candidates are
being evaluated.” However, no established, evidence-
based treatments are available at this time. COVID-19
convalescent plasma (CCP) represents a novel approach
to the treatment of COVID-19 patients and has deep his-
torical roots. Passive antibodies obtained from conva-
lesced patients have shown promising results in the
treatment of a variety of viral infectious diseases includ-
ing influenza, measles, and SARS.® This strategy is also
the basis for hyperimmune globulin therapy (eg, hepatitis
B immune globulin). At the same time, convalescent
plasma has not always proven to be a useful adjunct to
more conventional therapy, as the recent Ebola virus epi-
demic in West Africa demonstrated.”

Without a vaccine or effective medications to amelio-
rate COVID-19, the establishment of convalescent plasma
transfusion programs has taken on greater urgency. To
this end, a national investigational new drug (IND)
expanded access program (National Clinical Trial Identi-
fication Number 04338360), administered by the Mayo
Clinic, was initiated in March 2020 to study the effective-
ness of CCP in a defined patient population (those with
severe or life-threatening COVID-19) and facilitate the
provision of CCP to participating institutions.® Our
regional health care delivery network, SSM Health, a
major provider of health care services in the St Louis
region, became engaged in the rapid establishment of a
CCP program for its network hospitals. In this paper, our
approach to the implementation of a successful CCP pro-
gram is described.

1 | MATERIALS AND METHODS

SSM Health is a comprehensive, not-for-profit health sys-
tem composed of 23 hospitals, 300 physician offices, and
a variety of other health care services. The system spans
four states (Illinois, Missouri, Oklahoma, and Wisconsin).
The St Louis network of hospitals, heretofore referred to
as SSM-STL, includes seven facilities: five community
hospitals; a children's hospital; and an academic,
university-affiliated hospital. With the exception of the

Oklahoma-based hospitals, all other SSM Health facilities
use Mississippi Valley Regional Blood Center (MVRBC) as
the provider of blood products and related services. Impor-
tantly, no hospital has the infrastructure to collect blood
products, including CCP.

When it became apparent that CCP represented an
important therapeutic option for patients with COVID-
19, the SSM-STL network became interested in bringing
this therapeutic option to its member hospitals in St
Louis. In late March 2020, a core team consisting of the
regional directors of pharmacy and laboratory services,
the medical director of the regional donor center
(MVRBC), and a transfusion medicine specialist was con-
vened to initiate program planning. The expressed goals
of this group were stated as follows:

1. To have a donor available to MVRBC on the first day
that they can accept a donor;

2. To infuse a COVID-19 patient within 48 hours of that
donation;

3. To make as many doses of CCP available to hospital
providers as needed.

Based on these goals, this core team defined six pro-
gram elements that would need to coalesce to meet the
goals of the CCP transfusion project and make it sustain-
able. These program elements included the following:

1. Registration of individual hospitals and principal
investigators with a national IND research protocol;

2. Collaboration with our regional donor -center,
MVRBC;

3. Targeted recruitment of convalesced donors;

4. Information technology (IT) issues related to the
receipt of CCP in the hospital blood bank, clinician
order of plasma, and distribution of plasma for
transfusion;

5. Prioritization of patients to receive CCP;

6. Evaluation of CCP products received including anti-
body titers and patient response to therapy.

2 | RESULTS

21 | Registration of individual hospitals
and principal investigators with a national
IND research protocol

Convalescent COVID-19 plasma is not an approved ther-
apy for infection with the SARS-CoV-2 virus. As such,
authorization to collect and transfuse CCP must be done
under an Food and Drug Administration (FDA) IND pro-
tocol. Individual patients can be enrolled through an
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emergency IND, although this becomes cumbersome for
an institution that envisions the enrollment of multiple
patients. Fortunately, an expanded access IND was initi-
ated by the Mayo Clinic using their centralized institu-
tional review board to oversee the process. On the patient
transfusion side, this requires enrollment of the institu-
tion, registration of a principal investigator for that insti-
tution, and enrollment of individual patients who are
candidates for CCP. With respect to the latter, patient
follow-up is required at proscribed time-frames (4 hours,
7 days, 30 days) and serious adverse events must be
reported. All of this is handled electronically through the
Mayo COVID-19 plasma website (uscovidplasma.org).
The hospitals in the SSM-STL network were quickly reg-
istered with the Mayo IND with the exception of the chil-
dren's hospital, because the Mayo IND only allows for
CCP transfusion to adults (>18 years of age). Convales-
cent plasma at the children's hospital, if needed, would
be undertaken with a patient-specific emergency IND.
Once hospitals were registered, a clinician from each
member hospital was identified to serve as principal
investigator and that individual was registered with the
Mayo site. These individuals were largely infectious dis-
ease or critical care physicians.

2.2 | Collaboration with our regional
donor center, MVRBC

Although the transfusion of CCP must be undertaken
under an appropriate IND, the collection of CCP and its
processing does not differ, in any material way, from the
routine collection of blood products. In short, donors of
convalescent plasma are required to meet all donor eli-
gibility criteria with the exception that they have posi-
tive nucleic acid testing (NAT) for SARS-CoV-2. In
addition, the donor must have been asymptomatic for a
period of at least 28 days. The FDA originally made an
exception for donors in the 14- to 27-day period of
asymptomatic convalescence, but qualification in this
time period would require repeat negative molecular
testing for SARS-CoV-2. However, this requirement was
rescinded on 1 May 2020. Despite this change, MVRBC,
in conjunction with the SSM-STL CCP collaborative
group, decided to retain the 28-day period of convales-
cence reasoning that antibody levels would likely be
higher in this time frame. Of note, before CCP is distrib-
uted to hospitals by MVRBC, it is assessed for antibody
activity using the Abbott Diagnostics SARS-CoV-2 IgG
assay.

In addition, to implementing a system for qualifying
donors (eg, standard operating procedure changes),
the blood center had to validate additional apheresis
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instruments for the collection of convalescent plasma,
assure an adequate supply and availability of apheresis
kits, and provide those resources to the St Louis region
for plasma collection (the primary site of operation for
MVRBC is Davenport, Iowa). As part of their implemen-
tation, the blood center decided that plasma would be
collected from eligible donors by apheresis technology
rather than through whole blood donation. The benefits
of this approach are that (a) up to an 800-mL collection
could serve as the source for multiple 200-mL CCP units
and (b) donors could be recruited at a more frequent
interval for repeat donations. In contrast, only a single
CCP unit could be obtained from a whole blood dona-
tion, the red cells would likely not be deemed acceptable
for transfusion, and the interval between donations
would be the standard 56-day temporary deferral. Finally,
MVRBC required assistance from their hospital clients
to identify eligible convalesced donors to successfully
launch their CCP collection program.

2.3 | Targeted recruitment
of convalesced donors

As opposed to making a broad regional appeal for conva-
lescent donors, it became evident that the process could
be jump-started by targeting recruitment to patients
known to have a positive molecular test for SARS-CoV-2.
Fortunately, the SSM-STL network has a regional clinical
microbiology facility that implemented a laboratory
developed NAT for SARS-CoV-2. Nearly 200 patients
who tested positive were identified. A stepwise process
was implemented to connect these potential donation
candidates to MVRBC for assessment. First, the potential
donor's medical record was interrogated to determine if
they were suitable for donation. As an example, patients
who were deceased, less than 18 or more than 80 years,
or currently hospitalized were excluded from immediate
consideration. The potential donors were then contacted
to determine their interest in donating plasma and their
willingness to be contacted by MVRBC to discuss dona-
tion. For those who were interested and agreed to con-
tact, an online MVRBC physician referral form was
completed. Thereafter, a representative from MVRBC
contacted the potential donor, explained the process of
donation, and conducted a brief screen to determine suit-
ability. Appropriate donors were then scheduled for
donation. This was mostly based on the time at which
they would reach the 28-day threshold of convalescence.
Additional COVID-19 patients (approx. 100) were identi-
fied through an interrogation of the Epic electronic
health record, to identify patients who tested positive for
the virus in a facility other than the SSM-STL centralized
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Patients with confirmed COVID-19 were evaluated for their suitability to be approached by MVRBC for CCP donation.

Patients were not contacted if they were deceased or had severe underlying clinical conditions making them unsuitable donors or were
hospital inpatients. The remaining patients were contacted, the majority of whom consented to be approached by MVRBC for plasma

donation

TABLE 1
be contacted about convalescent plasma donation (n = 130)

Characteristics of COVID-19 patients who agreed to

Characteristic Value
Age (y)
Mean 48
Median 49
Range 20-78
Sex
Male 59
Female 71
Ethnicity®
Black 64
White 59
Other 1
Declined 6
CCP Donors (total) 36
Repeat donors® 11

*No potential donors were of Hispanic or Latino origin.
Four additional donors attempted to donate but were deferred.

microbiology laboratory. These patients were contacted
in the same manner described above. Finally, a system
was implemented so that hospitalized COVID-19 patients
who recovered would be asked about their interest in
donating convalescent plasma as part of a routine dis-
charge follow-up call. In sum, this targeted approach to
donor recruitment facilitated the identification of over
130 suitable candidates who agreed to be contacted about
plasma donation (see Figure 1 for recruitment details
and Table 1 for characteristics of this potential donor
population).

2.4 | IT issues related to the receipt of
CCP in the hospital blood bank, clinician
order of plasma, and distribution of plasma
for transfusion

While donors were being recruited for CCP donation, it
became critical to establish the IT infrastructure that
would support the plasma program at the hospital level.
This would allow for the tracking of units through all
phases of the transfusion process including plasma
receipt into the blood bank, order for CCP preparation
and transfusion by the clinical provider, distribution of
the product to the patient, and documentation of transfu-
sion in the blood product administration module of the
Epic electronic health record. Aside from tracking indi-
vidual units, a robust IT infrastructure would allow for
the easy retrieval of program data from the individual
hospitals in the SSM-STL network. In addition to the
more standard procedural elements described above,
unique features were built into the ordering process to
meet the needs of the Mayo Clinic IND protocol. These
included links to the Mayo consent and the patient regis-
tration forms (Figure 2). Once a patient is registered in
the Mayo system, a unique numerical identifier is pro-
vided to the principal investigator for the site. The inclu-
sion of this number, as a required field in the CCP
ordering process, was a critical addition related to blood
product billing. Specifically, MVRBC does not charge the
ordering hospital for CCP as long as the patient is regis-
tered with the Mayo protocol and the patient's unique
identifier is provided to the blood center. The cost for the
CCP units is borne by the Biomedical Advanced Research
and Development Authority (BARDA), a sponsor of this
research protocol along with the FDA. In sum, a robust
IT infrastructure has allowed us to closely monitor all
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FIGURE 2 A screenshot depicting the ordering process for CCP in the Epic electronic health record. Note information concerning the
Mayo Clinic IND protocol, links to patient registration and the informed consent form, and the required field for the patient-specific
identification number [Color figure can be viewed at wileyonlinelibrary.com]

aspects of the transfusion process and has provided us
with a resource for rapid data extraction. This contrasts
with facilities that track CCP using manual downtime
procedures.

2.5 | Prioritization of patients
to receive CCP

Approximately 2 weeks into the development of our com-
prehensive, multi-institutional CCP program, it became
obvious that, at least early on, the demand for CCP would
far outstrip the availability of the product. Because of this,
the principal investigators at each site determined that it
would be critical for them, as a group, to discuss patients
considered to be appropriate for CCP and prioritize patients
prior to their registration with the Mayo IND. The Mayo
IND provides specific criteria for patient inclusion in the
protocol, namely, that they have positive molecular testing
for SARS-CoV-2, are an adult (>18 years of age), and have
met defined clinical criteria qualifying them as having
severe or life-threatening COVID-19.* These inclusion
criteria were a useful starting point for our clinicians, but it
was felt that the additional consideration of significant
comorbid conditions and an objective measure of disease
severity (SOFA scoring system; Sequential Organ Failure

Assessment) would assist in prioritizing patients for CCP.
To this end, our team of principal investigators developed
criteria, approved by the SSM-STL clinical practice group,
to rank patients in a tiered prioritization scheme (see
Appendix S1 and Emanuel et al®). The overriding ethical
principle driving prioritization was maximal survival
benefit—that is, with a scarce resource such as CCP,
patients most likely to benefit by this therapeutic interven-
tion should have priority in receiving it. Related to this,
patient age was not included as a criterion for prioritization
though special consideration was given to pregnant patients
and health care workers. Initially, the principal investigator
team met daily to determine the prioritization of patients
who were candidates for CCP. After a week of daily meet-
ings, weekly meetings were held as the clinical team devel-
oped confidence in the group members' ability to identify
appropriate patients and move the process forward success-
fully (ie, patient registration, CCP ordering, etc.).

2.6 | Evaluation of CCP products
received including antibody titers
and patient response to therapy

The overriding goals of the Mayo IND for CCP are to
determine the safety and efficacy of the product in
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treating severely and critically ill COVID-19 patients
while facilitating availability to eligible patients. This
aspect of the project is being coordinated through the
American Red Cross, but participating hospitals are free
to obtain plasma through their local blood supplier (eg,
MVRBC). Unfortunately, because of the likely variability
of the antibody content and composition of the plasma
products and the almost certain variability of the patients
who ultimately receive CCP, a determination of efficacy
will be challenging. To gain a better understanding of the
utility of CCP, it was reasoned that it would be important
to analyze the serologic characteristics of each unit of
CCP transfused along with an evaluation of the recipient.
This would provide a more nuanced understanding of
efficacy. To this end, serum aliquots from each donor of
convalescent plasma will be evaluated through a variety
of research assays and a serologic assay that was released
by the FDA under emergency use authorization. Research
assays include IgG and IgM ELISA assays for antibody to
SARS-CoV-2 nucleocapsid antigen, spike proteins (S1 + S2),
and spike protein binding domain. The Abbott Diagno-
stics SARS-CoV-2 IgG assay will also be evaluated at the
same time. Most importantly, convalescent serum sam-
ples will be assessed in a viral neutralization assay, to
determine if a donor's immune response actually has
viral neutralizing capability. With Saint Louis University
institutional review board approval, patients receiving
CCP will also be evaluated, primarily through electronic
medical record review, to determine if the transfusion of
convalescent plasma had a beneficial effect, clinically and
through laboratory value interrogation. These studies
may prove to identify the types of patients who might
benefit most by CCP therapy and the CCP donors with
the greatest likelihood of having plasma capable of deliv-
ering a beneficial therapeutic effect.

The time span from project initiation to the successful
transfusion of a unit of CCP was 30 days. The chief rea-
son for the delay in transfusion resided in the fact that
we were waiting for our donor pool to reach the 28-day
asymptomatic threshold required for donation. All other
elements of our comprehensive, multi-institutional CCP
program were in place.

3 | DISCUSSION

Convalescent plasma has a long history of utilization for
patients suffering from a variety of infectious diseases
including influenza viruses (more typical influenza A
and B as well as HIN1 and H7NO strains), Ebola virus,
and non-SARS-CoV-2 coronavirus infections (SARS and
MERS).*” Early evidence suggests that it may have utility
in augmenting severe COVID-19 disease.'®!" Although

theoretically appealing, all interventions to date have suf-
fered from a lack of rigorous randomized controlled trials
that clearly demonstrate clinical efficacy. Most often, the
products transfused are not well characterized with respect
to viral neutralization properties and the treated patient
populations are heterogeneous.’? Thus, optimal donors
and patients are generally not understood. In addition,
even routine plasma transfusions are not without some risk
including both infectious and noninfectious adverse effects
of transfusion (eg, transfusion-associated circulatory over-
load, transfusion-related acute lung injury, and allergic
reactions of varying degrees of severity).'> More specifi-
cally, convalescent plasma may be associated with immu-
nologic complications including a blunting of the patient's
own immune response and the possibility of antibody-
dependent enhancement of disease.*”'*> Nevertheless, con-
valescent plasma utilization is more compelling when a
disease has no proven therapeutic interventions, such as
COVID-19.

The current COVID-19 pandemic represents a unique
opportunity to put convalescent plasma to the test, as a
prophylactic intervention, a disease-modulating agent
(eg, to decrease the likelihood of disease progression),
and as a therapeutic for severe or life-threatening clinical
disease. It is this use that is the basis of the Mayo Clinic
IND protocol. Although not a randomized controlled
study, this protocol provided the infrastructure to initiate
a convalescent plasma transfusion program in the SSM-
STL network, which is the basis for this report. Our
approach is unique in that it is comprehensive, involving
all aspects of the transfusion process from donor recruit-
ment to infusion of the plasma product. Further, it
includes a research arm that will help to answer impor-
tant issues regarding the utility of CCP including a defini-
tion of the serological characteristics of each unit
transfused and a determination of efficacy based on clini-
cal disease manifestations and the evaluation of labora-
tory variables. This may provide insight into the patients
most likely to benefit from this therapy (ie, who to trans-
fuse and when to transfuse in the course of their disease).

Our CCP program was initiated with a core group of
four individuals who quickly developed program goals
and determined the programmatic elements that would
have to be in place to make the program robust and sus-
tainable. The input of a much larger team of individuals,
including pharmacy and laboratory staff members, IT
specialists, nurses, and physicians, was required at differ-
ent points in the program development process. In the
end, when CCP became available a fully mature program
was already established. We were able to jump-start a
convalescent plasma donor pool through the targeted
recruitment of appropriate donors. We benefited directly
by this approach in creating a sustained supply of CCP.
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Our approach can serve as a model for others wishing to
embark on establishing a CCP program for a multi-
hospital system. More than this, though, we hope that
our general approach may be of benefit to any organiza-
tion faced with the need to rapidly establish a complex
program requiring the collaboration of a variety of indi-
viduals over multiple institutions. It can be done.
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