S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



Transfusion and Apheresis Science 61 (2022) 103355

FI. SEVIER

Transfusion and Apheresis Science

Contents lists available at ScienceDirect

ransfusiol
andSApheresis

journal homepage: www.elsevier.com/locate/transci

L)

Check for

Lessons learned from the use of convalescent plasma for the treatment of %
COVID-19 and specific considerations for immunocompromised patients

Mickael Beraud ', Erin Goodhue Meyer ™', Miquel Lozano ¢, Aicha Bah?, Ralph Vassallo

Bethany L. Brown ©*

@ Terumo Blood and Cell Technologies Europe NV, Ikaroslaan 41, 1930, Zaventem, Belgium

b Terumo Blood and Cell Technologies, 10811 W Collins Ave, Lakewood, CO, 80215, United States

¢ Department of Hemotherapy and Hemostasis, ICMHO, University Clinic Hospital, IDIBAPS, University of Barcelona, Villarroel 170, 08036, Barcelona, Catalonia, Spain
4 Vitalant, 6210 E Oak St, Scottsdale, AZ, 85257, United States

¢ American Red Cross, Biomedical Services, Holland Laboratory for the Biomedical Sciences, 15601 Crabbs Branch Way, Rockville, MD, 20855, United States

ARTICLE INFO

Keywords:
Convalescent plasma
COVID-19

Efficacy

Safety
Immunosuppression
Pandemic

ABSTRACT

Coronavirus disease 2019 (COVID-19) convalescent plasma (CovCP) infusions have been widely used for the
treatment of hospitalized patients with COVID-19. The aims of this narrative review were to analyze the safety
and efficacy of CovCP infusions in the overall population and in immunocompromised patients with COVID-19
and to identify the lessons learned concerning the use of convalescent plasma (CP) to fill treatment gaps for
emerging viruses. Systematic searches (PubMed, Scopus, and COVID-19 Research) were conducted to identify
peer-reviewed articles and pre-prints published between March 1, 2020 and May 1, 2021 on the use of CovCP for
the treatment of patients with COVID-19. From 261 retrieved articles, 37 articles reporting robust controlled
studies in the overall population of patients with COVID-19 and 9 articles in immunocompromised patients with
COVID-19 were selected. While CovCP infusions are well tolerated in both populations, they do not seem to
improve clinical outcomes in critically-ill patients with COVID-19 and no conclusion could be drawn concerning
their potential benefits in immunocompromised patients with COVID-19. To be better prepared for future epi-
demics/pandemics and to evaluate potential benefits of CP treatment, only CP units with high neutralizing
antibodies (NAbs) titers should be infused in patients with low NAb titers, patient eligibility criteria should be
based on the disease pathophysiology, and measured clinical outcomes and methods should be comparable
across studies. Even if CovCP infusions did not improve clinical outcomes in patients with COVID-19, NAb-
containing CP infusions remain a safe, widely available and potentially beneficial treatment option for future
epidemics/pandemics.

1. Introduction

surveillance systems to update vaccination strategies and treatment
approaches [3]. These variants cause particular concern as many world

The global coronavirus disease 2019 (COVID-19) pandemic caused
by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
has been responsible for more than 240 million infections and more than
4.8 million deaths up to October 17, 2021 [1]. While the number of
people fully vaccinated against COVID-19 is globally increasing as
several vaccines are available, there are still many active infections and
the infectivity, transmission, and lethality of SARS-CoV-2 are evolving
[2]. The emergence of new variants highlights the importance of
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areas struggle to vaccinate their citizens due to the lack of infrastructure
for production and deployment at scale, affordability, and timely allo-
cation [4]. Moreover, some vaccines may offer suboptimal protection
against new variants [5].

Patients with COVID-19 are often asymptomatic or present with mild
respiratory symptoms [6]. However, SARS-CoV-2 can also lead to severe
complications caused by mechanisms other than the direct viral infec-
tion, such as acute respiratory distress syndrome, coagulation disorders,
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multi-organ dysfunction syndrome, or septic shock. In some patients,
adaptive immunity is suppressed, leading to delayed clearance of the
virus, hyperactivation of the innate immune response, overproduction of
various inflammatory factors, and increases in the number of active
immune cells at the inflammation sites [7]. This imbalance in the im-
mune system resulting in a cytokine storm is a major cause of disease
exacerbation and death in patients with COVID-19 [7].

Even though several pharmacological agents have been developed or
repurposed for the treatment of COVID-19 and monoclonal antibodies
are now available, approved treatment options remain limited globally
[8]. COVID-19 convalescent plasma (CovCP) is one treatment that has
been extensively used in hospitalized patients with COVID-19 since the
first months after the pandemic start [9]. CovCP is obtained from pa-
tients who have fully recovered from the infection and ideally contains
high titers of virus neutralizing antibodies (NAbs) [10]. Convalescent
plasma (CP) infusion is a method of passive immunization that was also
previously used during the Spanish influenza pandemic in 1918 [11,12]
and later for the treatment of other severe viral infections (severe acute
respiratory syndrome [SARS], Middle East respiratory syndrome
[MERS], HIN1 influenza, and Ebola virus) [13-15].

Despite the high level of investment and the numerous studies that
evaluated the use of CovCP to treat COVID-19, inconsistencies in study
design, efficacy endpoints, and reported data have limited the ability to
compare results among trials [16]. The objectives of this narrative re-
view are to analyze available data on the safety and efficacy of CovCP
infusions for the treatment of COVID-19, to evaluate whether CovCP
could be useful for specific subpopulations of patients with COVID-19,
and to identify the lessons learned concerning the use of CP to inform
future treatment and investigations for emerging viruses.

2. Material and methods

Systematic searches of PubMed, Scopus, and the Dialog database
“COVID-19 Research” were conducted to identify peer-reviewed articles
and pre-prints published between March 1, 2020 and May 1, 2021 on the
use of CovCP to treat patients with COVID-19. The searches were per-
formed with the following terms: ("convalescent plasma" OR "conva-
lescent sera") AND ("covid-19" OR '"novel coronavirus" OR ("wuhan"
AND "virus") OR "SARS-CoV-2" OR "coronavirus 2019" OR "2019-nCoV"
OR "coronavirus disease 2019" OR "novel coronavirus pneumonia"). The
systematic literature search was initially performed on May 4, 2020, and
weekly updates using the established criteria were conducted until May
1, 2021.

Screening of the retrieved articles was performed by an independent
reviewer to identify (i) robust studies evaluating the efficacy and/or
safety of CovCP in patients with COVID-19 versus control patients with
COVID-19 who did not receive CovCP (screening 1), and (ii) all studies
evaluating the use of CovCP in immunocompromised patients with
COVID-19 who were identified as a specific subpopulation potentially
benefiting from CovCP treatment (screening 2). During screening 1,
eligible robust studies included randomized controlled trials (RCTs),
prospective controlled clinical trials, and matched case-control studies.
During screening 2, eligible immunocompromised patients included
organ transplant recipients or patients with primary or secondary im-
munodeficiency, B-cell depletion, hematological cancers/malignancies,
lymphomas, or other cancers. During both screenings, systematic and
narrative literature reviews and meta-analyses were excluded, but their
reference lists were checked for relevant articles that might have been
overlooked. Reference lists of selected articles were also checked for
relevant articles.

Data were extracted from the selected articles. Methodological
classification was performed using the Oxford Centre for Evidence-
Based Medicine levels by two independent assessors with differences
resolved by consensus [17]. As decided a priori, any article published on
a pre-print server was downgraded to the lower Oxford level of evidence
(LoE). The other downgrading criteria included early study termination,
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small sample size, absence of systematic measurements of NAD levels in
CovCP, and inclusion of CovCP units with low NADb levels.

3. Results and discussion
3.1. General information on search results

The systematic literature search identified 1708 peer-reviewed arti-
cles, pre-prints and abstracts, of which 261 were selected for further
screening.

During screening 1, which was performed to evaluate the efficacy
and safety of CovCP for the treatment of COVID-19 and to improve
preparedness for future emerging viruses, 222 articles were excluded
(case reports, non-matched case-control series, reviews, viewpoints,
recommendations, meta-analyses, studies that were not conducted in
patients with COVID-19 or did not include CovCP administration, or
absence of control patients who did not receive CovCP). Two articles
presenting results of the same study were further excluded [18,19] and
only the most recent analysis was kept [20]. In total, 36 articles and one
abstract [20-56] were included (Table 1). There were 13 RCTs, of which
four were categorized as Oxford LoE 2 [25,26,28,33], seven were
downgraded to Oxford LoE 3 [21-23,29-32], and two to Oxford LoE 4
[24,27]. Of the remaining papers, eight were prospective controlled
clinical trials, of which three were categorized as Oxford LoE 3 [34,35,
50], four as Oxford LoE 4 [46,48,53,55], and one as Oxford LoE 5 [37].
Of the 16 matched case-control series, 14 were categorized as Oxford
LoE 4 [20,36,38-41,43,44,47,49,51,52,54,56] and two as Oxford LoE 5
[42,45].

During screening 2, which was performed to identify studies evalu-
ating the potential benefit of CovCP in immunocompromised patients
with COVID-19, nine articles were selected (one matched case-control
study [43], one non-matched case-control series [57], and seven un-
controlled case series [58-64]) (Table 2). All the selected articles were
categorized as Oxford LoE 4 or 5.

Besides differences in study design and LoEs between studies, char-
acteristics of patients (disease severity and duration, mechanical venti-
lation [MV] status, NADb titers, and concomitant treatment) and of
CovCP (timing of CovCP collection and infusion, NAb titers, and vol-
ume) were also highly variable (Tables 1 and 2).

Additionally, the results of seven RCTs evaluating the use of CovCP
to treat COVID-19 published after May 2021, hence not identified by the
systematic literature search, are also briefly discussed [65-71].

3.2. What s the safety and efficacy of CovCP in patients with COVID-19?

3.2.1. Safety

Among 37 articles identified during screening 1, safety was evalu-
ated in 24 studies (Table 3). They confirmed that CovCP treatment has a
clinically acceptable safety profile in patients with COVID-19, which
was similar to that of standard plasma infusions. The potentially CovCP-
related reactions included local reactions at the injection site (pain,
chills, rash, redness, and itching); intravenous catheter blockage;
transfusion-related acute lung injury (TRALI); transfusion-associated
circulatory overload (TACO); pulmonary, allergic, febrile non-
hemolytic, and hypotensive reactions; anemia; urticaria; nausea; dys-
pnea; bradycardia; and tachycardia. No case of antibody-dependent
enhancement of infection, listed as a theoretical risk of CovCP admin-
istrations by the United States (US) Food and Drug Administration (FDA)
[72], was reported.

While the results of most of the seven recently published RCTs sup-
port the reassuring safety profile of CovCP [65-69], patients receiving
CovCP experienced more serious adverse events than control patients in
two of these RCTs [70,71].

3.2.2. Efficacy
There have been inconsistencies and significant biases in efficacy



Table 1

Characteristics of the selected studies evaluating the efficacy and safety of CovCP for the treatment of COVID-19.

First author, Number of patients Disease severity Time since Mechanical Antibody titer in Intervention Donor eligibility Antibody titer in CovCP Oxford
country, type of symptom onset ventilation patients criteria Level of
publication*, Evidence
study group'
RCTs
s ) 2o
. § CovCP (275 mL [200-350])
Group median (range): o . . X
UK. Peer- 302 (5 %) 34.7 % seronegative, intravenously, the first as soon
- 5795 Any R 53.1 % seropositive, as possible after randomization =~ NR NR 2
reviewed patients .
ublication 9 days (6-12) 12.1 % unknown and the second (from a different
p' . Y donor) the following day (> 12
[33] X
h after the first unit)
CovCP group
315 (5 %) 28.8 % seronegative,
Control group 5763 Any 9 days (6-12) R 0 48.8 % seropositive, Usual care NA NA
patients
22.4 % unknown
Agarwal, India, Detectable NAD titer: $oC (antivirals, broad spectrum
Peer- Symptom onset to antibiotics, immunomodulators Completely resolved
reviewed Hospitalized, ymp . - for 28 days or 14 days NAD titer, median (IQR):
L 235 ! enrollment, median NR . and supportive management) + . .
publication moderately ill (IOR): 8 days (6-11) 185 patients (86 %) 2 doses of CovCP (200 mL) 24 h with 2 negative RT- 1:40 (1:30-1:80)
[28] CovGP reday o PCR tests 24 h apart 2
group p
- Symptom onset to Detectable NAb titer:  SoC (antivirals, broad spectrum
Hospitalized, . e
Control group 229 moderately ill enrollment, median NR 163 patients (80 %) antibiotics, immunomodulators ~ NA NA
Y (IQR): 8 days (6-11) P 0 and supportive management)
Simonovich, Anti-SARS-CoV-2 IgG
R . Fully recovered from a
Argentina antibody level, . . .
. . . clinical perspective Anti-SARS-CoV-2
Peer-reviewed . Symptom onset to median (IQR): 1:50 SoC (antiviral agents, . . .
L. Hospitalized, R . after 28 days of COVID-  antibody titer, median
publication 228 . enrollment, median No MV (0-1:800); 44.8 % of glucocorticoids, or both) + . g o
[26] SEvere pneumonia - 1npy: 8 days (5-10) patients had no 415-600 mL CovCP 19 diagnosis and (QR): 1:3200
’ ) discharged from the (1:800-1:3200)
detectable antibody R
CP group hospital for > 2 weeks
level
2
Anti-SARS-CoV-2 IgG
antibody level,
Hospitalized Symptom onset to median (IQR): 1:50 SoC (antiviral agents,
Control group 105 seveI;e neur’nonia enrollment, median No MV (0-1:1600); 48.6 % glucocorticoids, or both) + NA NA
P (IQR): 8 days (5-10) of patients had no 400-600 mL placebo
detectable antibody
level
s Symptom onset to .
0 Doru.'lell, Us, randomization, Invasive MV, SoC (corticosteroids, NADb titer, median (IQR):
Brazil . ECMO or both: L. Completely resolved
median (IQR): remdesivir,
. . . for > 14 days and
Peer-reviewed 150 Severe and critical NR hydroxychloroquine, . 3
publication 17 (11 %) antibacterial agents) +CovCP negative PCR test from
[29] 10 days (7-13) patients (~200-250 mL infused in 2 h) nasopharyngeal swab 1:160 (1:80-1:320)
CovCP group
» 11 (15 %)
Control group 73 Severe and critical 9 days (7-13) patients NR SoC + normal plasma NA NA
Gonzalez Invasive MV Medication (antibiotics Two consecutive
Mexico, Pre- L. 162/190 (85.2 ’ negative tests and Detectable NAb in CovCP
. 130 Severe or critical NR . 5 NR carbapenem drugs, R R .
print [31] %) patients in asymptomatic for > 14 received by 23 patients

CovCP group

both groups

dexamethasone, ivermectin)

days, or > 28 days

(continued on next page)
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Table 1 (continued)

First author, Number of patients Disease severity Time since Mechanical Antibody titer in Intervention Donor eligibility Antibody titer in CovCP Oxford
country, type of symptom onset ventilation patients criteria Level of
publication*, Evidence
study group'
-+200 mL of CovCP infused in 2  disease course and
h, for 2 days asymptomatic for > 14
days prior to donation
in the absence of a
second RT-PCR
Ilr;vza/s?;&;l\(llg\; 9 Medication + IVIg at a dose of
Control group 60 Severe or critical NR . - NR 0.3 g/kg of ideal weight, 8- h NA NA
%) patients in infusion daily, for 5 days
both groups ¥s 4
Libst
1oster, Mildly Infected with SARS- S-specific
Argentina .
Peer-reviewed symptomatic <792 from CoV-2 for > 10 days,
L. 80 residents of No MV NR 250 mL CovCPover 1.5hto2h  asymptomatic for > 3
publication - symptom onset . .
[25] geriatric days, and with 2 1gG titers: > 1:1000
. institutions negative RT-PCR tests
CovCP group 2
Mildly
symptomatic
72hf
Control group 80 residents of < rom No MV NR 250 mL placebo NA NA
o symptom onset
geriatric
institutions
Li, China, Peer- SoC (antiviral or antibacterial
reviewed medications, steroids, human S-RBD-specific
publication - Symptom onset to ECMO and/or immunoglobulin, Chinese P
Hospitalized, o . X - Fully recovered and
[22] . randomization, invasive MV: herbal medicines, and other .
52 severe or life- . . NR . X discharged from the
. . median (IQR): 27 14/51 patients medications) + CovCP with a )
threatening disease . hospital for > 2 weeks
CovCP erou days (22-39) (27.5 %) median (IQR) volume of 200 1oG titer: > 1:640
group mL (200-300). 96 % received a 8 = 3
single dose of CovCP
o Symptom onset to ECMO and /or SoC .(anflvlral or a.ntlbactenal
Hospitalized, randomization invasive MV: medications, steroids, human
Control group 51 severe or life- . ’ L NR immunoglobulin, Chinese NA NA
threatening disease median (IQR): 30 11/50 patients herbal medicines, and other
J days (19-38) (22.0 %) alm g
medications)
Gharbharan,
The .
Intubation or
Netherlands, Symptom onset to ventilation and NAbD titers, median SoC +300 mL CovCP. Second
Peer- Hospitalized, ymp . .. ? . T Asymptomatic for > 14 NAD titer, median (IQR):
reviewed 43 variable severi enrollment, median additional organ ~ (IQR): 1:320 plasma unit after 5 days in davs 1:640 (320-1,280)
L ty (IQR): 9 days (7-13)  support: 5 (12 (20-1280) unresponsive patients Y : ’
publication %)
0.
[21] 3
CovCP group
Intubation or
Symptom onset to ventilation and
Hospitalized enrollment, median .. NAD titers, median
trol ’ : dditional ’ NA NA
Control group 43 variable severity (IQR): 11 days additiona: organ (IQR): 1:80 (20-640) SoC
(6-16) support: 8 (19
%)
40 Severe NR NR NA? 3

(continued on next page)
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Table 1 (continued)

First author, Number of patients Disease severity Time since Mechanical Antibody titer in Intervention Donor eligibility Antibody titer in CovCP Oxford
country, type of symptom onset ventilation patients criteria Level of
publication*, Evidence
study group'

Ray, India, Pre- . Complete resolution of

h; hl
print [30] NAD titers SO.C ¢ ydrof(yc‘ oroqun"le, symptoms for > 28
. azithromycin, ivermectin . .
comparable in both ; days prior to screening
doxycycline) + 2 doses of 5
groups at the day of and negative RT-PCR
CovCP (200 mL) on 2 .
enrolment ive d test 40-80 days prior to
CovCP group consecutive days donation
NAD tity ble in both
Control group 40 Severe NR NR Hers comparable il bo SoC NA NA
groups at the day of enrollment

Avendano-Sola, Symptom onset to 49.4 % of patients SoC (supportive and specific .

. . R . .. . . NAD titer: > 1:80,
Spain 38 Hospitalized inclusion, median No MV were positive for treatments with off-label Asymptomatic for > 14 median (IOR): 1:202 4

Pre-print [27] P (IQR): 8 days (6-9) anti-SARS-CoV-2 IgG ~ marketed medicines) + 1 dose ~ days (1:238-1: 451)' ’

CovCP group across both groups antibodies (250-300 mL) of CovCP : ’

o .
incluson,median were postve o S0€ (supportive and spciic
Control group 43 Hospitalized (QR): 8 days (6-9) No MV anti-SARS-CoV-2 IgG treatments w1t'h .off-label NA NA
0. marketed medicines)
across both groups antibodies
Pouladzadeh, SoC (chloroquine phosphate,
Iran, Peer- lopinavir/ritonavir, others) Completely recovered
. o oo
rev1e-wegjl 30 Severe < 7 days 3 (1.0 %) NR +500 mL CO_VC? OI_I admission for > 14 days and NR 3
publication patients day; first unit within 4 h after .
) . .. negative RT-PCR test
[32] admission (a second unit if no
CovCP group improvement within 24 h)
17 %

Control group 30 Severe NR 5( .7 %) NR SoC NA NA

patients

AlQahtani, SoC (paracetamol and possible
Bahrain L therapy including antiviral

X Hospitalized, Ao o . .

Peer-reviewed hypoxic patients Oxveen thera medications, tocilizumab and Asymptomatic and Antibody level, mean +
publication 20 w};fh sev:re or life NR buty:glo MV PY: NR antibacterial medication) +400  discharged from SDin 13 CovCPs: 63.8 =+ 3
[23] . . mL of ABO compatible CovCP hospital for > 2 weeks 46.8 AU/mL

threatening disease .
given as 200 mL over 2 h over 2
CovCP group .
successive days
Hospitalized, SoC (paracetamol and possible
hypoxic patients Oxygen therapy, therapy including antiviral
Control group 20 with severe or life- NR but no MV NR medications, tocilizumab and NA NA
threatening disease antibacterial medication)
Bajpai, Indi . S1-RBD-specific IgG
ajpal, India SoC (hydroxychloroquine, > 14 days of complete R SP ?Cl 8
Pre-print [24] Hospitalized. Onset of symptoms azithromycin) +500 mL CovCP resolution of symptoms titers, median: > 640
P 14 P 7 of severe COVID-19: No MV NR R . .y X . ymp (range: 10-> 640)
severe disease in 2 divided doses on with 2 negative RT- R .
CovCP grou 3 days consecutive days PCR tests 24 h apart NAD titer, median: > 80
group Y p (range: 10-> 80) 4
hyd: hl i
Hospitalized, Onset of symptoms iZi(t:}fro};nn:r}l’)C+(5):)%q:§Ei’resh
Control group 15 P ’ of severe COVID-19:  No MV NR 4 NA NA

severe disease

3 days

frozen plasma in 2 divided
doses on consecutive days

Prospective controlled trials

(continued on next page)
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Table 1 (continued)

First author, Number of patients Disease severity Time since Mechanical Antibody titer in Intervention Donor eligibility Antibody titer in CovCP Oxford
country, type of symptom onset ventilation patients criteria Level of
publication*, Evidence
study group'
Alsharidah, Standard treatment
Kuwait, Peer- (paracetamol, antihistamine,
reviewed steroids) + antibiotics and low
publication molecular weight heparin in
3.7 %; HFNC . . . d fi COVID-
135 Moderate to severe NR ol or NR treating physicians + 2 units recovered from NR 3
non-invasive 19
(200 mL each) of CovCP, 12 h
MV: 33.3 % o
CovCP group apart, within 24 h from
admission (79.3 %) or 1 unit of
CovCP according to the treating
physician and protocol dosage
range (200-400 mL) (20.7 %)
IMV or ECMO:
1.7 %; HEN(
Control group 233 Moderate to severe NR 7 o . Cor NR Standard treatment NA NA
non-invasive
MV: 25.3 %
Abolghasemi, Routine antiviral therapy
Iran, Peer- (lopinavir/ritonavir,
reviewed hydroxychloroquine, anti- . . .
S t t t A t tic for > 14 Cut off index higher th:
publication 115 Hospitalized er}::)ﬁ)n;)emnt?is; d: s No MV NR inflammatory agent) +500 mL d:y;rlp omatic for = 1ul oft index higher than
[50] = Y CovCP within 4 h. Second Y :
CovCP group CovCP uni.t after ?4 hin 3
unresponsive patients
Routine antiviral therapy
Symptom onset to (lopinavir/ritonavir,
Control group 74 Hospitalized enrollment: < 7 No MV NR P L . NA NA
davs hydroxychloroquine, anti-
4 inflammatory agent)
Khamis, Oman, SoC for ICU patients (including
Peer- hydroxychloroquine and
reviewed lopinavir/ritonavir) + steroids
publication (70 %) + 200 mL of CovCP at
: Completed 14 days f;
[35] 73 Critical < 14 days NR NR enrollment and a second dose Og?fne teoms ays ree NR 3
24 h - 48 h after first dose if the ymp
CovCP group Patient did not signiﬁf:anﬂ.y
improve and/or remained in
critical respiratory condition.
21 (historical SoC for ICU patient: teroid
Control group (historica Critical NR NR NR 0% tor patients + sterolds NA NA
controls) (70 %)
Kurtz, Brazil, SoC (oxygen or MV,
Symptom onset to . .
Peer- . prophylactic anticoagulant
reviewed ICU admission, [enoxapar]) + hydrocortisone
. median (IQR): 10 . . P v Asymptomatic for > 14
publication days (8-14) 34 (83 %) Baseline IgG titers > for shock and days and negative RT
P — 0. . . -
[53] 41 Critical 4 . 1:1080 in > 29 methylprednisolone or v & . NR 4
patients PCR test for virus in

CovCP group

ICU admission to:

-first CovCP: 1 day
(1-3)

patients

dexamethasone for ARDS at the
discretion of treating
physicians + 1 unit (200-250
mL) CovCP up to 3 days after

plasma

(continued on next page)
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Table 1 (continued)

First author, Number of patients Disease severity Time since Mechanical Antibody titer in Intervention Donor eligibility Antibody titer in CovCP Oxford
country, type of symptom onset ventilation patients criteria Level of
publication*, Evidence
study group'
I .
_second CovCP: 6 QU e'admlsswn anda secor.Id one
within a week for all but first 10
days (5-9) .
patients
Control group 72 Critical Symptom onset to 63 (88 %) NR SoC - -
ICU admission, patients
median (IQR): 9
days (5-12)
Sturek, US Median (min-max)
Anti-S pg/mL, 7.7
. (0.1-112.1) -IgG; 3.0
Pre-print [37] (0-106.6) -IgM; 2.9
Remdesivir and corticosteroids (0-24.7) -IgA
Hospitalized mild/ . in some patients + 2 units of Anti-RBD pg/mL:2.7
) 0 % (exclusion 1 iy L
29 moderately ill, non- NR criteria) NA CovCP within 72 h of admission =~ NR (0.1-83.9) -1gG; 2.9 5
ICU (except 1 patient who received (0-27.7) -IgM; 2.6
1 unit) (0-23.5) -IgA
CovCP group Anti-nucleocapsid EU/
mL:0.52 (0.0-8.67) -IgG;
1.3 (0-10.0) -IgM;
0 (0-2.3) -IgA
Hospitalized mild/ o . - . .
Gontrol group 48 moderately ill, non-  NR 0 ./o (fexclusmn NA! Bemdeswlr 'and corticosteroids NA NA
criteria) in some patients
ICU
Franchini, Italy, Symptom onset to Anti-SARS-CoV-2 Me(.ilcatIOI.'l (antiviral, . )
Peer- . . antibacterial treatment, SARS-CoV-2 infection
X first CovCP Oxygen therapy,  IgG (U/mL), median . . .
reviewed . . . hydroxychloroquine, steroids, completely resolved for ~ Anti-SARS-CoV-2 NAb
o 22 Moderate to severe transfusion, median but no MV in 19 (IQR): 127.0 . . . 4
publication (IOR): 7 days atients (64.4-205.7) at anticoagulants) + 1 (300 mL) to > 14 days + 2 negative titer of > 1:80
[48] . Y p T : 3 units of CovCP, according to PCR tests 24 h apart
(4.5-8) baseline .
CovCP group clinical response
Control group 733 Moderate to severe NR NR NR NR NA NA
Rasheed, I
a;e:: > 'rag, SoC (hydroxychloquine,
o . .
reviewed Hospitalized, early- Symptom onset to 81 % of patients 14‘? ‘A) weakly azlthromycm', oxysen therapy, Anti-SARS-CoV-2 IgG
ublication 21 stage critically-ill enrollment, mean: on ventilators positive for SARS- methylprednisolone) +400 mL Recovered for 2 weeks index: > 1.25
I[)55] g y 14.8 days (SD: 7.5) CoV-2 IgGs of frozen CovCP infused over 2 e
4
CovCP group h
No signifi h, hloqui
Hospitalized, early- Symptom onset to 57 % of patients .0 Sisn car?t SO.C ( ydrO?(yc oquine,
Control group 28 stage critically-ill enrollment, mean + on ventilators difference with azithromycin, oxygen therapy, NA NA
g Y SD: 16.6 + 6.0 days CovCP group methylprednisolone)
Acosta-
14
Ampudia, Standard treatment (e.g., Recovered 14-30 days
. R . X before the pre- . .
Colombia, Symptom onset to antibiotics, corticosteroids, ) 1gG antibody titers >
. . . donation assessment N
Peer- 9 Severe (not life- CovCP transfusion, 2299 NA! oxygen, anticoagulants) + 2 and 2 consecutive 1:3200 and IgA antibody
reviewed threatening) mean =+ SD: 8.667 + e units (250 mL each) of CovCP R titers > 1:800 to SARS-
L . negative RT-PCR
publication 2.693 days within 48 h after study . CoV-2
. . results within 48 h
[46] inclusion

CovCP group

before donation

(continued on next page)
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Table 1 (continued)

First author, Number of patients Disease severity Time since Mechanical Antibody titer in Intervention Donor eligibility Antibody titer in CovCP Oxford
country, type of symptom onset ventilation patients criteria Level of
publication*, Evidence
study group'
Control group 9 Severe (not life- NR 33.3% NR Standard treatment NA NA
threatening)
Matched case control studies
Altuntas,
Turkey, Peer-
reviewed Symptom onset to
L CovCP infusion: SoC (including favipravir,
publication - S .
[51] Hospitalized, lopinavir, ritonavir, Resolution of
B 888 severe or critically- NR NR hydroxychloroquine, high dose NR 4
. < 5 days: 11.3 %; IS . . symptoms > 14 days
ill vitamin C, azithromycin) +
6-10 days: 25.9 %); CovCP
CovCP group 11-15 days: 27.9 %;
16-20 days: 14.2 %;
> 20 days: 20.7 %
o e
1 itically- N N N ’ ’ NA NA
Control group 888 islelvere or critically R R R hydroxychloroquine, high dose
vitamin C, azithromycin)
Salazar, US,
f:ire'we J Anti-RBD IgG titer: >
ublication Hospitalized 1:1,350: 91 %;
p, P e MV or ECMO: SoC + 1 (79 % of patients) or 2 ~ Asymptomatic for > 14
1201 351 severe and/or life- NR 4.0 % of patients NR units of CovCP (~300 mL) days
threatening -0 7oolp Y > 1:150 but < 1:1,350:
6.8 %,;
CovCP group < 1:150: 1.7 % for the
first transfusion
Hospitalized,
MV or ECMO:
Control group 594 severe and/or life- NR or . NR SoC NA NA
. 4.5 % of patients
threatening
Shenoy, US, Medication (azithromycin,
Peer- dexamethasone,
reviewed hydrocortisone,
blicati Hospitali h hl i
publication 263 ospitalized, NR NR NR ydroxyc oroquine, NR NR 4
[49] severe methylprednisolone,
prednisone, remdesivir,
CovCP group sarilumab, tocilizumab) + 1-2
units of CovCP (~200-500 mL)
Hospitalized,
Control group 263 ospitalizec, NR NR NR Medication NA NA
severe
Bulanov,
Rus-sia, Peer- 29 (12.8 %) Medication . NAD titer of 40 in 108
reviewed L (hydroxychloroquine, donors; 80 in 74 donors;
L Hospitalized, (MV); 2 (0.9 %) ] K L. R .
publication 226 NR NR azithromycin, lopinavir, NR 160 in 27 donors; 320 in 4
moderate to severe (ECMO) .
[41] . 12 donors and 640 in 5
patients

CovCP group

Ritonavir) + biological therapy,
including tocilizumab (23.4 %

donors

(continued on next page)
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Table 1 (continued)

First author, Number of patients Disease severity Time since Mechanical Antibody titer in Intervention Donor eligibility Antibody titer in CovCP Oxford
country, type of symptom onset ventilation patients criteria Level of
publication*, Evidence
study group'
of patients) + 200-800 mL of
CovCP (average 287.5 mL)
Control group 226 Hospitalized, NR 32 (14.2 %) NR Medication + biological NA NA
moderate to severe (AV); 3 (1.3 %) therapy, including tocilizumab
(ECMO) (20.4 % of patients)
patients
Th:;:fson, s, Mild to severe (with Medication (corticosteroid,
- hospitalization), in remdesivir,
1.5 % .
rev1e-wec-1 143 patients with NR 45 .(3 5% NR hydroxychloroquine, NR NR 4
publication . patients s .
[43] hematologic tocilizumab) + CovCP (details
CovCP group malignancies NR)
29 (20.3 %
143 (propensity- Mild to severe (with 9 (20.3 %)
e . matched
score matched) hospitalization) in controls
Control group patients with NR NR Medication NA NA
hematologic 182 (22.1 %)
823 (non-matched) . g. non-matched
malignancies
controls
Tworek, Poland,
Peer- SoC + 1 (or more) 200 mL 10 days after double
reviewed - Ventilator: X . th y X NAD level: 142.75 (SEM
. Hospitalized, infusion of CovCP on the 14 negative test with a
publication 102 <14 days NR . . . R + 12.0057); 2/44 donors 4
severe day from COVID-19 diagnosis minimum 24-h interval .
[40] . were negative for NAbs
(if more, 24 h apart) between tests
12 (11.8 %)
CovCP group .
patients
102 ity- Hospitali 22 (21.6 %
Gontrol group 02 (propensity: ospitalized, NR ( 6 %) NR SoC NA NA
matched) severe patients
Mesina Medication (dexamethasone,
 eee it 1451 moderwe | Median time fiom  Intubaion: 20 oz, hemopertusion ot
prntlivl - gg : admission to (26.67 %) NR puman), 1emop NR NR 5
pneumonia, severe CovCP: 3 davs atients combination of these + CovCP
CovCP group and critical : ¥ P 3 days (IQR: 2-5) from
admission
Hospitalized,
derat
Control group 75 (historical) modera e. NR NR NR NA NA
pneumonia, severe
and critical
Symptom onset to Median IgG, IgM, and
Yoon, US, Peer- sloggpcgag;fusmﬂ IgA tite.rs were,
reviewed recipient\; before ADb (1/titer, median respectively, 1:47385
icati s i . IQR, 21870-65610; n =
publication H I ) with IQR) 2 L- £ P ( g g
[38] 73 se?,ﬁgi;zﬁge’ propensity score 9(12.3 %) tr(;?ls[zls;in:li(;hio;gh of Asymptomatic for > 14 46), 1:810 (IQR, .
. matching, median patients . . days 810-2430; n = 43), and
threatening (IQR): hospital admission

CovCP group

7 days (5-9)

< 65 YOA: 18,225
(2430-196829)- 1gG;
2430 (810-2430)-
IgM;

1:90 (IQR, 90-270; n =
43). Median NAbD titer by
pseudovirus
neutralization assay:

(continued on next page)
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Table 1 (continued)

First author, Number of patients Disease severity Time since Mechanical Antibody titer in Intervention Donor eligibility Antibody titer in CovCP Oxford
country, type of symptom onset ventilation patients criteria Level of
publication*, Evidence
study group'
180 (90-2430)-IgA 1:938 (IQR, 407-2784; n
> 65 YOA: 54,675 = 42)
(7290-196829)-1gG,
2,430 (810-21870)-
IgM; 810
(270-7290)-IgA
Control group 73 (propensity Hospitalized, NR 9 (12.3 %) NR NR NA NA
score-matched) severe or life- patients
threatening
Rogers, US,
Peer- Suppl tal
r::iI;we d Hospitalized Symptom onset to o:(lppeinzle:ltanot SoC (remdesivir: 28.1 %; Anti-SARS-CoV-2 IgG
publication 64 SeveI;e ’ transfusion, median injfsive NR corticosteroids: 40.6 %) + 1 (3 NR antibody index < 1.4: 13
. . . R o
[56] (IQR): 7 days (5-9) ventilation) patients) or 2 units of CovCP %
CovCP group 4
Symptom onset to Supplemental
Hospitalized, but not SoC desivir: 33.3 %);
Control group 177 ospitatized, enrollment: <10 ?ngEfn (but no NR ° .(rem e§1v1r o NA NA
severe invasive corticosteroids: 22.6 %)
days .
ventilation)
Klapholz, US, SoC (hydroxychloroquine,
Peer- azithromycin, doxycycline,
reviewed interleukin-6 inhibitors [mostly
publication Hospitalized, Admission to 9(19.2 %) tocilizumab], antimicrobials,
[39] 47 severe or life- transfusion, mean atie;lts 0 NR steroids, and anticoagulants) + NR NR 4
threatening (SD): 4.9 (3.2) days p 1 unit (200 mL) of CovCP
CovCP erou infused at baseline, and > 2
group additional units during follow-
up based on plasma availability
Hospitalized,
47 . 9 (19.2 %
Control group severe or life- NR ( . %) NR SoC NA NA
(contemporaneous) . patients
threatening
AlShehry, Saudi

7 Hospitalized, with
Arabia, Peer- ospitalized, wi ) Best SoC +300 mL (200-400 > 14 days from the last
reviewed severe symptoms, Intubation: 25 mL/treatment dose) CovCP at negative PCR test or 28

L. 40 ICU requirement or NR (62.5 %) NR . ) . 8 .. NR 4
publication . . . least once, and if required, daily ~ days from the initial

life-threatening patients .
[44] . for up to 5 sessions symptoms
condition
CovCP group
Hospitalized, with
124 (propensit severe symptoms, Intubation: 79
Control group prop y ICU requirement or ~ NR (63.7 %) NR Best SoC NA NA
score-matched) . . .
life-threatening patients
condition
Liu, U'S, Peer- Hospitalized, Symptc?m onset 'to SoC (including az'lthromycm,
reviewed . admission, median . hydroxychloroquine, broad- . . .

L severe or life- 4 patients (10 R Anti-S antibody titer: >
publication 39 threatenin (range): 7 days %) NR spectrum antibiotics, NR 1:320 4
[54] . A s (0-14). Admission 0 therapeutic-dose .

infection . . .
CovCP group to transfusion, anticoagulation,

(continued on next page)
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Table 1 (continued)

First author, Number of patients Disease severity Time since Mechanical Antibody titer in Intervention Donor eligibility Antibody titer in CovCP Oxford
country, type of symptom onset ventilation patients criteria Level of
publication*, Evidence
study group'
median (range): 4 corticosteroids, remdesivir,
days (0-7). mesenchymal stem cells and IL-
1 and IL-6 inhibitors) + 2 units
of ABO-compatible CovCP
(~250 mL) infused over 1 h -2
h
Control group 156 Hospitalized NR 10.3 % of NR SoC (including azithromycin, NA NA
patients hydroxychloroquine, broad-
spectrum antibiotics,
therapeutic-dose
anticoagulation,
corticosteroids, remdesivir,
mesenchymal stem cells and IL-
1 and IL-6 inhibitors)
Sostu?, US, Peer- Symptom onset to 1to %umts (based on the body Asymptomatic for > 14
reviewed Severe or . . mass index) of 200-250 mL
L . . . transfusion, median 4 (11 %) days and tested
publication 35 immediately life- . NR CovCP on the same day or the . NR 4
. R (IQR): 10 days patients X ; negative by RT-PCR
[36] threatening day following transfusion of the . .
(7-13) . . test prior to donation
CovCP group first unit
?evere .Or . 7 (11 %)
Control group 61 immediately life- NR . NR NR NA NA
. patients
threatening
Allahyari, Iran,
Peer- . ELISA at baseline, First-line treatment
. Symptom onset to 0 % (exclusion .
reviewed transfusion, mean = criteria) mean :+ SD: 5.87 (hydroxychloroquine, Asymptomatic for > 14
publication 32 Severe (ARDS) SD: 10.44 ; 2.05 5.95- IgM, mean + corticosteroid and broad- days P - NR 4
[47] da.s : : SD; 11.55 4+ 9.48 - spectrum antibiotics) + 1 cycle Y
Y Intubation: 8 1gG (600 mL) of CovCP
CovCP group .
patients
0 % (exclusion
iteri
Control group 32 Severe (ARDS) NR et erla? NR First-line treatment NA NA
Intubation: 14
patients
Hegerova, US, One unit of ABO-compatible
Peer- - CovCP. Most patients received
. Hospitalized, Symptom onset to L Lo .
reviewed X . X additional therapies, including .
L severe or life- enrollment, median 6 patients (30 . R Asymptomatic for > 28
publication 20 . NR azithromycin (60 %), NR
threatening (IQR): 2 days %) . days
[52] . . hydroxychloroquine (55 %),
infection (1-4.3) L .
remdesivir (5 %) or multiple 4
CovCP group -
combinations
Hospitalized,
Control group 20 severe 01" life- NR 6 patients (30 NR 50 % of ?atients received NA NA
threatening %) remdesivir
infection
Khanna Symptom onset to Intubation: 5 2/15 (13.33 %) SoC (including tocilizumab) Negative 12/15 (80 %) of donors
Switzerland 15 Moderate to severe CovCP, median (33.3 %) patients had -+400 mL of CovCP from 2 nasopharyngeal PCR had effective RVPN titers 5
and US (IQR): patients detectable IgG donors over 48 h test + outpatients with (> 1:80)

(continued on next page)
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M. Beraud et al.

g 8 evaluations performed during this global pandemic. Estimations of the
o & '§ E § § direct impact of CovCP infusions and comparisons among studies have
E ; E g E bl ; been prevented by differences in study design, methods, analiyses, and
g E & z 5% 5 % standard practices. Early in this pandemic, standaFd P}‘act.lces .V\{ere
°E 8 c:) heavily influenced by clinical observations and variability in clinical
s § E é % judgement by geographies. ‘ ’
é ,g = e i In 25 of 37 articles identified during screening 1, mortality rates
= g = z % were significantly lower [20,29,34,40,41,43,47-49,54,55] f)r tended to
g ?E % % v:)" be lower [25,27,30,32,35,37,38,42,4§,50—51113),516; inhall patl.entj (éroipcel;
g 2628 cific subpopulations of patients with COVID-19 who receive
":é < g §° § % compareg vsith control patients (Table 3). In other studies, no positive
< = § é .%o & impact of CovCP infusions on mortality rates was detected [21-24,26,
CES g 28,31,33,36,39,45,46].

2 g % ; % 2 EO ’Du’rat’ion’ of hospitalization and length of stay in intensive. care un.it
oy % 5 é %Ji -&f _:~ 32 ; (ICU) were difficult to compare among stud%es due to the variability in
z % % g g (':7 § E § the evaluated parameters. While some studies assessed the total dut;i—
2 ?:’O ] E g E = g < tion of hospitalization or length of ICU stay, others evaluated.t.e
?5) g E o £ ‘2 < R S duration of hospitalization or length of ICU stay after COVCI? adminis-
g 5 SN g § g2y § tration. The duration of hospitalization tended to be longer in CovCP-

< E & % & treated patients in some studies [26,28,29,32,33,35,36,40,42,44,45,
% % :“3 7‘: T 49,52,53], but the opposite was observed in others [22,24,27,30,46,47,
:: go g = E 50,51] (Table 3). In two studies, similar lengths of stay were observed in
SEE 8 g both groups [20,56]. ' '
é £ 2 é Z)» The impact of CovCP on the clinical status of patients wllth tij)VID—ﬂll’z
B2 8 was also difficult to assess because the parameters evaluated in
g ‘gé"g EE” studies with available results wer.e inconsistent .(Tabhle. 3). In some
5 g g é & E studies, no statistically significant improvements in clinical outcomfs
g = ‘E é < E‘; P were observed [21,22,26,28,29,31,33337,39,40,42,4‘14,46,49,52,5?]. n
= “ § ;“ “ o 5 contrast, other studies showed benefits of (j‘ovCP in terms of disease
S 'gf é B % progression [23,25,27], mitigation of hypo.XIa [30], World Health 2r-
= 2 g % é % :f @ ) ganization (WHO) severity score [32], respiratory para.rneters-[24,5 1,
5 g Eo S 8 g5 é S rate and time to clinical improvement [20,34.], ne%ed for intubation [50],
B g & g 2 o E % ‘:j K extubation rate [35], recovery time from critical illness [55], rate gf MV
‘§ 2 ‘: Z’ E % 53 2 E § E and vasopressor support [51], rate of transfer to MV [41], and clinical
% % :é é g 5 S ; % g ',% status [38] in the overall study population or specific subgroups of pa-
i ; a EQ g™ tients with COVID-19.
fi E) E 8. %’" Among the seven recently published RCTS, the use of CovCP seern.ed
£ E« E« B c;: associated with improved outcomes in one study in 20 patients with
E g E Z g 5 E COVID-19 [66]. Another study showed no improvements in survival and
g g < ::5 7 cl & outcomes in 53 patients who received CovCP infltl)sions lee'rslllf 52 Eontrol
= 2 Z EE 8% he atients, but a significant benefit of CovCP was observed in the subgroup
- E“ § é %" ; Ic:f patier’lts who feceived larger amount of NAbs [67]. The im;?ortance of
g T SE E 5 high NAD levels rather than high IgG levels to select appropriate CovCP
g SE g 2 § é E samples was also highlighted in another RCT [65]. In con.trast, a large
g S ¢ - ? E RCT in 940 patients with COVID-19 showed that CovCP did not reduce
é g E‘ &é g E E £ 2 the risk of intubation or death and that CovCP infusions with unfavor-
£ é ﬁ g E EJ; £ g E able antibody profile were even associated with a worsening of. clinical
= s ;“ o ;%B f" e outcomes [70]. Other RCTs also showed that CovCP did not improve
< § P E é &g’ clinical outcomes in 1084 critically-ill patients w'ith COVID-19 versus
z % é bﬁf 3 % g 916 controls [71], early adr.nimstre}tlon of CovCP did not prevent dlseasz
§ 1= TQ - progression in 257 high-risk patients versus 254 controls [69], aph
% E‘ E_; B § g “E CovCP was associated with increased antibody levels but not wit
§ - @ £ é '!: E e =] improved outcomes in 59 patients versus 15 controls [68].
A & 2888829
i ; E« —5 & E (:15 3.3. What is the safety and efficacy of CovCP in immunocompromised
E g £ & E o é 8 patients with COVID-19?
s |£%8EcEES
s g 5 § % E 5 2 S 3.3.1. Safety
E g % E g ‘5 g i E Among nine articles identified during screening 2, safety was eval-
g § %?3 E % 9 ~§ : uated in one non-matched case-contro? study.and three smglle-group
% é E g = _§ E é case series in immunocompromisec'i pat.lents with C()l;lltl(?l-elfa t(;(ﬂi)rlletﬁi)s.
§ s . T :«, E < £ 5 % § These studlles showed thfat .CovCl;altzgu:;(;ziicﬁr; Z\;(; o
§ g S £ ? g'c 3 3 E’ g 2 2B 5 subpopulation. No transfusion-re
~|EEER|8sg 55e5Sg’
2 BE5F|SES SEEESRT 3.3.2. Efficacy - o
E £82%7 © 2" E E R Because screening 2 identified only two controlled studies in

12



€1

to transfusion,

test or complete

Table 2
Characteristics of selected studies evaluating the use of CovCP in immunocompromised patients with COVID-19.
First author, Number of Disease severity Time since Mechanical Antibody titer Intervention to treat COVID-19 Timing of CovCP Antibody titer in Oxford
country, type patients symptom onset ventilation in patient collection CovCP Level of
of publication Evidence
*, study group'
Matched case control studies
Thompson, US,
P -
ee'r Mild (with hospitalization) to Medication (corticosteroid,
reviewed . . . 45 (31.5 %) .. .
ublication 143 severe, in patients with NR patients NR remdesivir, hydroxychloroquine, NR NR 4
I[) 43] hematologic malignancies tocilizumab) + CovCP (details NR)
CovCP group
143
(propensity 29 (20.3 %)
) tched
score Mild (with hospitalization) to Zitcro(les
Control group matched) severe, in patients with NR NR Medication NA NA
i i i 0
823 (non- hematologic malignancies 182 (22.1 %)
non-matched
matched)
controls
Non-matched case control studies
Biernat, L.
Poland. Peer Medication (dexamethasone) + 1 or
review; d Mild, moderate and severe, in 313 %) 2 CovCP units (200-250 mL) Anti-S-RBD-specific
L 23 patients with hematologic NR o NR administered 48 h — 72 h after EU guidelines [99] . P 4
publication . . patients . . . . . IgG titer > 1:1,000
[57] malignancies diagnosis of infection + supportive
CovCP group care
Mild, moderate and severe, in Medlca.tu?n (hy'd 'roxychloroq'ume.,
22 . . . 4 (18.2 %) remdesivir, tocilizumab, lopinavir/
Control group . patients with hematologic NR . NR X . NA NA
(historical) . . patients ritonavir, dexamethasone) +
malignancies .
supportive care
Case series
Jeyaraman Diagnosis of
i’ COVID-19 I i
India, Peer- . . . . . nva.swe: 1 unit (200 mL) CovCP infused over . .
. Severe, in patients with infection to CovCP  ventilation: R Anti-S-RBD-specific
reviewed 33 X . . . . X NR 1h-1.5h;asecond one after 24 hif =~ NR . 4
. hematologic malignancies infusion, median 14 (42.4 %) . IgG titer > 1:640
publication h no improvement
[58] (range): 4 (2-25) patients
days
Median initial disease severity on
Rodionov, the 10-point WHO Clinical
Germany, Progr(?ssion'Scale vyas 5 (.range: Positive.PCR to 3 units of CovGP (11 patients), 2
Peer- 4-6), in patients with solid organ transfusion, mean Not detectable R X . PRNT50 values >
. 14 . . NR X units (2 patients) or 1 unit (1 NR 4
reviewed transplantation (n = 8), allogeneic + SD: 5.14 + 5.14 at baseline . . 1:40
L . patient), each unit of 200 mL
publication stem cell transplantation (n=4),or  days
[59] active hematological malignancy
n=2)
Gupta, India, SymPtoms to ) o » AsympFomatic, complete
Peer- hospital Invasive Medication (antiviral therapy, resolution of symptoms
reviewed 10 Sev.er.e, in ?(idney transplant admission, median ventoilation: 1 NR glucocorticc{ids), other supportive > 14 <':1ays before NAD titer > 1:640 4
ublication recipients in ICU (IQR): 3 days (10 %) care + 2 units (200 mL each) of donation, preferably
I[) 60] (2-5); symptoms patient CovCP, 24 h apart with 1 negative RT-PCR

(continued on next page)
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Table 2 (continued)

First author, Number of Disease severity Time since Mechanical Antibody titer Intervention to treat COVID-19 Timing of CovCP Antibody titer in Oxford
country, type patients symptom onset ventilation in patient collection CovCP Level of
of publication Evidence
*, study group'
median (IQR): 5 resolution of symptoms
days (3-8) for 28 days
Ferrari, Italy, 7 Persistent symptoms of infection Symptoms to Intubation: 1 NR Medication (antibiotics, low NR Hyperimmune 4
Peer- due to SARS-CoV-2, in patients CovCP: 6-10 days (14.3 %) molecular weight heparin,
reviewed with immunologic deficiency after patient corticosteroid and
publication chemo-immunotherapy, due to hydroxychloroquine) + 3 infusions
[61] hematological disorders of CovCP (210 mL each)
Lindemann, 4 Moderate to severe, in kidney Symptom onset to 0% NAb Oxygen administration, tacrolimus, NR NAD titers 4
Germany, transplant recipients (n = 2) and transfusion: 3-13 detectable at mycophenolate mofetil, and 1:160-1:1280
Peer- hemodialysis patients (n = 2) days baseline (< prednisone or dexamethasone + 1
reviewed 1:40 for 3 or 2 cycles of 3 units (200-280 mL)
publication patients and each, applied at days 1, 3, and 5
[62] 1:640 for 1
patient)
Symptom onset to
hospital 2 units (200 mL each) of CovCP on
Not detectabl
Jin, US, Peer- admission: 5-42 ot de E.!C ave days 22 and 23 for patient 1; day 16
R . - . . at baseline for . 3 P
reviewed 3 Any, in hospitalized patients with days 0% atients 1 and for patient 2 and day 44 for patient NR Anti-S titer of > 5
publication X-linked agammaglobulinemia Symptoms onset to ’ g - NR for 3 + remdesivir for patient 1; 1:320
[63] CovCP ’ subcutaneous heparin and oral
. patient 2 . . .
transfusion: 61-44 azithromycin for patient 2
days
Symptom onset to Medication (antibiotics,
Delgado hospital antimicrobials, corticosteroid OD CovCP/cut-off
Fernandez, admission: 7-13 18G/IgA/1gM boluses, tocilizumab, » Recovered from COVID- index > l.? (ELISA
. . . . days dexamethasone, remdesivir), IVIg + . IgG; hyperimmune
Spain, Peer- Any, in patients with humoral before CovCP 19 and had a negative
. 3 . . . NR 1 dose (300 mL) of CovCP plasma), could have 5
reviewed immunodeficiency Symptoms to detectable for g . . RNA test 14 days before . .
. X administered during 3 h — 4 h with R neutralizing activity
publication Covep 173 patients no premedication (second one after donation in > 80.8 % of
[64] transfusion: 36-56 P © 0

days

4-6 days, if patients had no serum
antibodies after first transfusion)

donations

CovCP, COVID-19 convalescent plasma; ELISA, enzyme-linked immunosorbent assay; EU, European Union; ICU, intensive care unit; IgA, immunoglobulin A; IgG, immunoglobulin G; IgM, immunoglobulin M; IQR,
interquartile range; IVIg, intravenous immunoglobulin; n, number of patients; NA, not available; NAb, neutralizing antibody; NR, not reported; OD, optical density; PCR, polymerase chain reaction; PRNT, plaque reduction
neutralization test; RBD, receptor-binding domain; RT-PCR, reverse transcription PCR; S, spike protein; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; SD, standard deviation; US, United States; WHO,

World Health Organization.

" Type of publication at the time of writing of this review.
f All publications were from 2020 or 2021.
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M. Beraud et al.

Table 3

Transfusion and Apheresis Science 61 (2022) 103355

Safety-related information and clinical outcomes in the selected studies evaluating the efficacy and safety of CovCP for the treatment of COVID-19.

First author, Number of Safety Transfusion-related Mortality Length of hospital stay Clinical improvement
country, type of participants assessment reactions
publication*,
study group'
RCTs
The RECOVERY 9 patients with pulmonary
Collaborative reactions (none considered
Group to be transfusion-related
UK, Peer- acute lung injury, including
reviewed 5795 Yes 3 deaths possibly related to  28-day: 24 % Median (IQR): 12 days (6-28) NR
publication transfusion), and 4 patients
[33] with serious febrile,
allergic, or hypotensive
CovCP group reactions (all recovered).
Control group 5763 NR NR 28-day: 24 % Median (IQR): 11 days (6-28) NR
Agarwal, India, Minor AEs (pain in local
Peer-reviewed infusion site, chills, nausea,
publication bradycardia and dizziness)
[28] in 1 patient each. Fever and
235 Yes tachycardia in 3 patients 28-day: 15 % Median (IQR): 14 days (10-19) NR
each. Dyspnea and
CovCP group intravenous catheter
blockage in 2 participants
each.
Control group 229 NR NR 28-day: 14 % Median (IQR): 13 days (10-18) NR
Simonovich,
Argentina Infusion-related AEs: 4.8 % . Proportion of ICU
Peer-reviewed (11 patients). 5 patients Time from enrollment to admissions and invasive MV
. 228 Yes . P : p, . 30-day: 10.96 % hospital discharge, median .
publication with nonhemolytic febrile (IOR): 13 days (8-30) requirements: 53.9 % and
[26] reactions. : v 26.8 %
CP group
Time from enrollment to Proportion of ICU
Infusion-rel AEs: 1.9 % issi i ive M
Control group 106 Yes n u51c?n related AEs: 1.9 % 30-day: 11.43 % hospital discharge, median adml'SSIOns and invasive MV
(2 patients) requirements: 60.6 % and
(IQR): 12 days (7-30)
229 %
O'bonnell, US, 4/147 (2.7 %) patients
Brazil X . . -
Peer-reviewed (included worsening Time-to-clinical
. 150 Yes anemia, urticaria, skinrash,  28-day: 12.6 % Median (IQR): 9 days (6-28) improvement, median,
publication X .
[29] and transfusion-associated (IQR):5 days (4-6)
ircul 1
CovCP group circulatory overload)
3/72 (4.2 %) patients
receiving control plasma
(included transfusion- . .
associated circulator Time-to-clinical
Control group 73 R y 28-day: 24.6 % Median (IQR): 8 days (6-22) improvement, median,
overload, worsening
. L (IQR): 7 days (5-8)
anemia, urticaria and
possible febrile non-
hemolytic transfusion)
Gonzalez 28-day: 46.2 %
Me‘x1co, Pre-print 130 Yes No Al oLl . .
[31] ollow-up: 53.8 % Median (IQR): 12 days (6-22) No statistically significant
CovCP group (NR by group) difference between groups
28-day: 43 %
1 N N
Control group 60 R R All follow-up: 53.3 %
Libster, Argentina 16.2 % and 5 % of patients
Peer-reviewed experienced severe and life-
[25] threatening respiratory
80 No NR 25-day: 2.5 % NA disease and 6.2 % critical
CovCP group s.ystemlc illness; median
time to development of
severe COVID-19: 15 days.
31.2 % and 12.5 % of
patients experienced severe
life- i
Control group 80 NR NR 25-day: 5 % NA and life-threatening

respiratory disease and 7.5
% critical systemic illness;
median time to development
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First author, Number of Safety Transfusion-related Mortality Length of hospital stay Clinical improvement
country, type of participants assessment reactions
publication®,
study group
of severe COVID-19: 15
days.
Li, China, Peer- Two participants with
reviewed transfusion-related AEs
publication (non-severe allergic
[22] transfusion reaction and .
M I 141
52 Yes febrile nonhemolytic 28-day: 15.7 % Edl,an ( QR), 41 days On day 28: 51.9 %
R o (31-indeterminate)
transfusion reaction in 1
CovCP group patient and possible severe
transfusion-associated
dyspnea in 1 patient)
Median (IQR): 53 days
. . 0 . [
Control group 51 NR NR 28-day: 24.0 % (35-indeterminate) On day 28: 43.1 %
Gharbharan, The
Netherlands,
Peerreviewed 5 No NR 15-day: 14 % NR On day 15: 58 %
publication
[21]
CovCP group
Control group 43 NR NR 15-day: 26 % NR On day 15: 58 %
India, Pre- - - 11 :
Ray,- ndia, Pre 30 day-s POSt enro fn-ent No statistically significant
print [30] 40 NR NR no statistically significant .
X differences between SoC and L -
CovCP group differences between ) . No statistically significant
. CovCP groups, except in patients .
groups, except in CovCP h differences between groups,
patients < 67 years of age < 67 years of age with ARDS and except in patients < 67 years
COVID-19 (P = 0.031
with ARDS and severe i::t(lelrlition in hos (ital sta in) of age with ARDS and severe
Control grou; 40 NR NR COVID-19 in CovCP p. Y COVID-19 in CovCP group
gromp roup (P = 0.0442) CovCP group; median of 17.days /ii0tion of hypoxia)
group ' = B.0% for SoC and 13 days for CovCP 8 P
(significant survival roup)
benefit in CovCP group) sroup
Avendano-Sola, Two CovCP infusion-
Spalln 38 Yes related AE and suspected 15-day: 0 % Median (IQR) time to discharge: =~ Progression to categories
Pre-print [27] TRALI (TRALI was ruled 8.5 days (6.0-13.0) 5-7 at day 15: 0 %
CovCP group out after full assessment).
Median (IQR) time to discharge: ~ Progression to categories
trol N N. 29-day: 9.3 %
Control group 43 R R o-day: 9.3 % 9.0 days (6.0-11.0) 5.7 at day 15: 14 %
Pouladzadeh,
Iran, Peer- . .
reviewed No serious side effects on Improvement in 8-point
L 30 Yes . All follow-up: 10 % Mean =+ SD: 8.66 + 3.94 days WHO severity score: 53.33
publication patients o
[32] 0
CovCP group
Improvement in 8-point
Control group 30 NR NR All follow-up: 16.7 % Mean =+ SD: 6.66 + 4.30 days WHO severity score: 26.66
%
AlQahtani,
Bahrain
= i 0,
Peer re.vle\./ved 20 No NR 28-day: 5 % NR At dfxy 28, 20 % were
publication ventilated
[23]
CovCP group
At day 28, 30 %
Control group 20 NR NR 28-day: 10 % NR ?y o were
ventilated
Bajpai, India MV within 7 days: 21.4 %.
Pre-print [24] One patient showed signs of f;fnilfaizl:t ;jtir?velr:esnt ::
14 Yes mild urticaria during 28-day: 21.4 % Mean: 12.1 days (SD: 4.27) 'p Y . - P
CovCP grou transfusion min), O saturations (10 %),
group SOFA scores (—5), PaOy/
FiO, (231.15) at day 7
MV within 7 days: 6.7 %.
One patient showed signs of Respiratory rate (—10 per
Control group 15 Yes mild urticaria during 28-day: 6.7 % Mean: 16.1 (SD: 5.6) min), O, saturations (7.5 %),

transfusion

SOFA scores (—3), PaOy/
FiO, (77.01) at day 7

Prospective controlled clinical trials
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First author, Number of Safety Transfusion-related Mortality Length of hospital stay Clinical improvement

country, type of participants assessment reactions

publication*,

study group'

AlSharidah,

Kuwait, Peer-

reviewed 30-day:

publication 3 (2 %) patients with

[34] 135 Yes allergic skin reactions 30-day: 17.8 % NR
(completely resolved after y: 18 86.5 % (moderate disease)
transfusion) 60.8 % (severe disease) 80.6

CovCP group % (overall).

Time to improvement,
median (IQR): 7 days (5-9)
30-day:

68.4 % (moderate disease)
34.6 % (severe disease)

Control group 233 NR NR 30-day: 38.8 % NR 58.6 % (overall).

Time to improvement,
median (IQR): 10 (6-15)
days

Abolghasemi,

Iran, Peer-
reviewed One case of transient mild .
. 115 Yes . All follow-up: 14.8 % Mean =+ SD: 9.54 + 5.07 days 7.0 % intubated
publication fever and chills
[50]

CovCP group

Control group 74 NR NR All follow-up: 24.3 % Mean =+ SD: 12.88 + 7.19 days 20.3 % intubated

Khamis, Oman,

Peer-revi
eer-rev?ewed Extubated patients: 42 %.
publication
[35] 73 No NR All follow-up: 19 % 12 days
Composite endpoint of
CovCP group extubation/discharged
home alive: 64 %
21 Extubated patients: 33 %.
Control group (historical NR NR All follow-up: 29 % 8 days Compos-lte en.dpomt of
controls) extubation/discharged
home alive: 24 %

Kurtz 7-day: 17 %

Brazil, Peer- 2-point reduction from
reviewed . . patients’ admission status on
publication 4 Yes No 28-day: 49 % Median (IQR): 17 (7-28) days a 10-point ordinal scale: 46
[53] % (within 28 days)

CovCP group

7-day: 29 % 2-point reduction from
: . patients’ admission status on
Control group 72 NR NR 28-day: 56 % Median (IQR): 14 (4-26) days a 10-point ordinal scale: 32
% (within 28 days)
Sturek
At 1 1 AE

US, Pre-print [37] 29 Yes tleast one related AE was 0 3,0 6 905 NR Rate of ICU transfer: 13.8 %

reported for 4/29 patients

CovCP group

Control group 48 NR NR 28-day: 10.4 % NR Rate of ICU transfer: 27.1 %

Franchini

A e ity Prion s

. 22 Yes No All follow-up: 13.6 % LTCF, only 2 patients were = oy p. . Y
publication eventually hospitalized) 63.1 % within 14 days
[48] ¥ hosp following CovCP transfusion
CovCP group
733
Control group (historical NR NR All follow-up: 38.3 % NR NR
controls)
Ra;::re_(ri;ﬁ:jv’e d Recovery time from critical
ublication Allergic reaction in 1 illness, mean + SD: 4.52 +
1[355] 21 Yes patient (mild skin redness All follow-up: 4.8 % NR 2.35 days.

CovCP erou and itching) Whole duration of infection,

group mean + SD: 19.3 + 6.9 days

Control group 28 NR NR All follow-up: 28.6 % NR
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First author, Number of Safety Transfusion-related Mortality Length of hospital stay Clinical improvement
country, type of participants assessment reactions
publication*,
study group'
Recovery time from critical
illness, mean + SD: 8.45 +
1.8 days.
Whole duration of infection,
mean + SD: 23.4 + 6.4 days
Acosta-Ampudia
Colombia, Peer-
reviewed 9 Yes No All follow-up: 22.2 % Mean = SD: 9.333 + 3.037 days 0 Significant differences in
publication clinical outcomes
[46]
CovCP group
Control group 9 NR NR All follow-up: 11.1 % Mean + SD: 17.222 4 10.244 N? ?1gn1ﬁcant differences in
days clinical outcomes
Matched case control studies
Altuntas, Turkey,
PE;;Z‘Szred Median (range): 17 days (0-74).
1[3‘31] 888 No NR Case fatality rate: 24.7 % MV rate: 49.3 %
Median duration in ICU (range):
CovCP group 9 days (0-68)
Median (range): 18 days (0-77).
Control group 888 NR NR Case fatality rate: 27.7 %  Median duration in ICU (range): MV rate: 55 %
12 days (0-74)
Salazar, US, Peer-
reviewed 28-day: 3.7 % On day 7: 64.2 %
publication
[20] Median (IQR) post-day 0: 5.9
351 No NR days (3.2-11.7) for patients On day 14: 82.9 %
60-day: 6.2 % for patients  infused with CovCP with anti- On day 28: 90.0 %
CovCP erou infused with CovCP with RBD IgG titers > 1:1,350 On day 60: 92.2 % for
group anti-RBD IgG titers > patients infused with CovCP
1:1,350 with anti-RBD IgG titers >
1:1,350
28-day: 9.8 % On day 7: 57.2 %
Median (IQR) post-day 0: 5.9 On day 14: 73.5 %
Control group 594 NR NR 60-day: 12.5 % days (3.1-12.9) On day 28: 79.2 %
On day 60: 82.8 %
Shenoy, US, Peer-
reviewed 7-day: 9.13 % 14- Duration of MV, median: 11
icati . [
publication day:14.83 % Overall: mean - SD: 15.67 & days.
[49] 263 Yes No
13.65 days .
Improvement in oxygen
CovCP group 28-day: 25.48 % device delivery category: 3
days
7-day: 19.77 % 14-day: Duration of MV, median: 15
0,
.57 % Overall: mean =+ SD: 10 & 10.86 days. .
Control group 263 NR NR davs Improvement in oxygen
28-day: 27.00 % Y device delivery category: 6
days
Bulanov, Russia,
Pe;litre\t/}ewed 296 ¥ 2 moderate febrile non- 10-day: 5.3 % 28-day: NR Likelihood of transfer to MV
publication s hemolytic reactions 14.2 % during hospitalization was
[41] statistically significantly
CovCP group lower in CovCP patients: RR
10-day: 14.2 % 28-day: =0.411, P < 0.05.
Control group 226 NR NR 291 % NR
Thompson, US,
Peer-reviewed
publication 143 No NR 30-day: 13.3 % NR NR
[43]
CovCP group
Control group 823 NR NR 30-day: 24.8 % NR NR
Tworek, Poland, 102 No NR All follow-up: 13.7 % Ventilator time, median

Peer-reviewed

Median (range):

18

(IQR): 8 days (1-28)
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First author, Number of Safety Transfusion-related Mortality Length of hospital stay Clinical improvement
country, type of participants assessment reactions
publication*,
study group'
publication
[40]
CovCP group 20 days (0-63)
Control 102 NR NR Al follow-up: 34.3 % Median (range):
Ventilator time, group
median (IQR): 6 13 days
days (1-29) (0-59)
Mesina, Improvement in pulmonary
Philippines, o . .
Pre-print [45] 75 Yes ! .(1'33 %) pzftlent Wlt.h All follow-up: 25.33 % Median (IQR): 14 days (9-20) parameters.
mild transfusion reaction .
CovCP group Improvement in
inflammatory markers
Control group 75 NR NR All follow-up: 26.67 % Median (IQR): 11 days (8-17) NR
Yoon, US, Peer-
reviewed 28-day, stable/improved:
publication 64.4 %
[38]
73 Yes No 28-day: 31.5 % NR . .
Clinical status improvement
was statistically significant
CovCP group in patients < 65 years (88.2
%)
28-day, stable/improved:
57.5%
Clinical status improvement
Control group 73 NR NR 28-day: 38.4 % NR - .
was statistically significant
in patients < 65 years (64.7
%)
Roger.s, US, Peer- Two patients were judged
reviewed to have a TRALI reaction
publication 64 Yes . . ’ 28-day: 12.5 % Median: 8 days NR
One patient was judged to
1561 have a TACO reaction.
CovCP group :
Control group 177 NR NR 28-day: 15.8 % Median: 8 days NR
Klapholz, US,
Peer-reviewed . omifi ini
No serious adverse 7-day: no significant clinical
i i - . 0, S .
p’ubhcatlon 47 Yes transfusion reaction 7-day: 21.3 % NR benefit in the composite
(39 outcome of worsening
CovCP group oxygen support or mortality
Control group 47 NR NR 7-day: 19.1 % NR
AlShehry
Saudi Arabia, Time to clinical recovery,
Peertrev?ewed 40 Yes No 30-day: 26.3 % Median (IQR): 15.5 days median (IOR): 16.5 days
publication (11-31) (12-36.5)
[44] ’
CovCP group
Time to clinical recovery,
Control group 124 NR NR 30-day: 39.3 % Median (IQR): 14 days (10-20) median (IQR): 15 days
(11-21)
Liu, US, Peer-
reviewed Clinical condition had
publication 39 No NR 11-day: 12.8 % Discharge rate: 71.8 % worsened on day 14 in 17.9
[54] % of patients
CovCP group
Clinical condition had
Control group 156 NR NR 9-day: 24.4 % Discharge rate: 66.7 % worsened on day 14 in 28.2
% of patients
Sostin, US, Peer-
reviewed
publication 35 No NR All follow-up: 20.0 % Median (IQR): 10 days (6-17) NR
[36]
CovCP group
Control group 61 NR NR All follow-up: 24.6 % Median (IQR): 7 days (4-11) NR
32 Yes No 28-day: 21.9 %

19
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First author, Number of Safety Transfusion-related Mortality Length of hospital stay Clinical improvement

country, type of participants assessment reactions

publication*,

study group'

Allahyari, Iran, Pa0,/FiO, levels: 275.03
Peer-reviewed Mean =+ SD (range): 13.91 + were significantly higher
publication 8.43 days (5-51) compared to the control (P =
[471 0.034)

CovCP group Control o 0 Mean + SD (range): 15.34 +

group 32 NR NR 28-day: 43.8 % 10.11 days (5-56)

Pa0,/FiO, levels:

213.41

Hegerova, US,

Peer-reviewed Median: 15 davs Ordinal WHO scale score on
publication 20 No NR 14-day: 10 % ) ys: day 14, mean + SD: 3.1 +
[52] 3.1

CovCP group Discharge rate: 45 %

Median: 9 days. Ordinal WHO scale score on
- o 0, .

Control group 20 NR NR 14-day: 30 % Discharge rate: 45 % gag 14, mean =+ SD: 3.45 +

Khan-na, Trend towards decreased
Switzerland, . .

inflammatory response in
Congress CovCP grou;
abstract [42] 15 No NR 28-day: 0 % Median (IQR): 13 days (7-18) roup.
Progression to intubation

CovCP group not significantly different

between groups.

Control group 30 NR NR 28-day: 17.86 % Median (IQR): 12 days (8-18)

AE, adverse event; ARDS, acute respiratory distress syndrome; CovCP, COVID-19 convalescent plasma; CP, convalescent plasma; h, hour; ICU, intensive care unit; IgG,
immunoglobulin G; IQR, interquartile; LTCF, long-term care facility; MV, mechanical ventilation; NA, not available; NR, not reported; PaO,/FiO,, ratio of arterial
oxygen partial pressure to fractional inspired oxygen; RCT, randomized controlled trial; RBD, receptor binding domain; RR, relative risk; SD, standard deviation; SoC,
standard of care; SOFA, sequential organ failure assessment; TACO, transfusion-associated circulatory overload; TRALIL, transfusion-related acute lung injury; UK,

United Kingdom; US, United States; WHO, World Health Organization.
" Type of publication at the time of writing of this review.
Al publications were from 2020 or 2021.

immunocompromised patients with COVID-19, conclusions about effi-
cacy were difficult to draw in this subpopulation (Table 4). Nevertheless,
the only matched case-control study showed that CovCP treatment was
associated with significantly improved 30-day mortality (13.3 % versus
24.8 %) in patients with COVID-19 and hematologic malignancies [43].
In the non-matched case-control series, a significantly reduced mortality
rate (13 % versus 41 %) following CovCP treatment was observed in
patients with hematologic malignancies [57]. In this study,
CovCP-treated patients showed a significantly milder course of infec-
tion, less severe symptoms, and faster recovery. In the uncontrolled case
series conducted in immunocompromised patients with COVID-19,
mortality rates and lengths of hospital stay were highly variable, and
conclusions were difficult to draw. Improvements in clinical symptoms
were reported in 8 of 14 patients within 5 days in one case series [59], in
three of four patients in another case series [62], and in all patients in
three other case series [61,63,64].

A recently published RCT suggested that CovCP with high NAb levels
in addition to high IgG levels should be used if further studies evaluate
its use in patients with an impaired humoral immunity [65].

3.4. Why was CovCP broadly used at the early stages of the pandemic?

Before the COVID-19 pandemic, CP was used during previous epi-
demics or outbreaks caused by other coronaviruses (MERS and SARS)
and emerging viruses [11-15,73-77]. While data on CP use were scarce
for MERS [73,74], studies in a limited number of patients with SARS
suggested that CP might improve clinical outcomes when administered
at an early disease stage or in patients with severe disease [13,75,76]. A
meta-analysis on the use of CP for the treatment of severe acute respi-
ratory infections caused by SARS and influenza showed consistent

20

evidence for a reduction in mortality when CP was administered early
after the onset of symptoms [77]. Although the LoE was low for CP ef-
ficacy against other coronaviruses, these results suggested that CovCP
could be a potentially effective treatment for patients with COVID-19.

Therefore, CovCP treatment was initiated during the early months of
the pandemic as a short-term strategy for conferring immediate passive
immunity to susceptible individuals and to manage the disease before
effective and targeted pharmacotherapy was found [78]. CovCP was
used in various countries because passive antibody administration was
the only immediately available therapy potentially able to prevent
cellular infection by SARS-CoV-2, block viral replication, and treat
COVID-19 [78,79].

In high-income countries, CovCP could be rapidly obtained using
established blood collection and transfusion infrastructures as the
number of patients who recovered from the disease had been increasing
[78]. In low- and middle-income countries, CovCP was less frequently
used in the early stages of the pandemic due to the challenges related to
donor recruitment, blood collection, capacity to procure CovCP, and
characterization of CovCP units [80].

The safety profile of CovCP was considered comparable to that of
standard plasma infusions since the only difference was the presence of
anti-SARS-CoV-2 antibodies in CovCP. In high-income countries, the risk
of transfusion-transmitted infections is very low and the safety profile of
CovCP infusions is considered as clinically acceptable [81]. In these
countries, the main CovCP transfusion-related risks include allergic
transfusion reactions, TRALIs, and TACOs, which are manageable re-
actions. The other theoretical risk of CovCP infusions was
antibody-dependent enhancement of infection, a process whereby
non-neutralizing antibodies, sometimes developed during a prior
infection with a different viral serotype, enhance viral cellular entry,
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Table 4

Transfusion and Apheresis Science 61 (2022) 103355

Safety-related information and clinical outcomes in the selected studies evaluating the use of CovCP in immunocompromised patients with COVID-19.

First author, Number of Condition triggering immuno- Safety Transfusion- Mortality Length of hospital Clinical improvement

country, type of patients suppression/-compression assessment related stay

publication*, reactions

study group'

Matched case-control studies

Thompson, US,

Peer-reviewed 30-day:
publication 143 Hematologic malignancies No NR 133 05 NR NR
[43] e
CovCP group
. . . 30-day:
Control group 823 Hematologic malignancies NR NR 24.8 % NR NR
. 0

Non-matched case-control studies

Biernat, Poland, Milder course of infection (P =
Peer-reviewed 0.03807), characterized by less
publication 23 Hematologic malignancies Yes No 13 % NR severe symptoms and faster
[57] recovery (P = 0.00001);

CovCP group pulmonary infiltrates resolved

significantly faster (P =
22 0.02480) and a shorter oxygen
Control group historical Hematologic malignancies NR NR 41 % NR therapy was required (P =
controls 0.02355) in CovCP recipients
compared with controls

Case series

Overall: Overall median length
45.5 % 14- (range): 14 days

Jeyaraman day:24.2%  (2-39)
varaman, Mean + SD: 12.7 +
India, Peer- No severe 6.5 days (early [< 7
reviewed 33 Hematologic malignancies Yes adverse d;‘ s éov cp Y NR
publication effects 28-day: cays. |
[58] 33.3% initiation) and 24.3 +

: 9.5 days (late [> 7
days] CovCP
initiation)

Rodionov, Solid organ transplantation (n = 5-day post-last transfusion: 8
Germany, 8), allogeneic stem cell (57 %) patients showed
Peer-reviewed 14 transplantation (n = 4), or No NR 14 % NR improvement of 1 point or more
publication active hematologic malignancy on the WHO Clinical
[59] (n=2) Progression Scale.

Fi 1 i : li

o710 s rormalied
Peer-revi d M + SD:16.3 + g

eer'rev'lewe 10 Kidney transplant No NR 10 % ean inflammatory markers and
publication 7.2 days . .
[60] improvement of PaO,/FiO,
ol
after CovCP transfusion
Resolved/improved COVID-19
Ferrari, Italy, ' . symptor'ns in all patients.
Peer-reviewed Chemo-immunotherapy due to For last hospital stay: Regression of fever, cough and/
ublication 7 hematologic disorders and Yes No 0% 8-31days (NR for all or dyspnea, less intensive
p related immunodeficiency patients) oxygen requirement and rapid
[61] .
fall of the inflammatory marker
CRP
Lindemann,
Germany, . 3/4 patients clinically improved
Kidney t lant (n = 2) and 8-28 days fi
Peer-reviewed 4 ! ney. ran§ plant (n ) an No NR 25 % ays trom and could be discharged from
L hemodialysis (n = 2) CovCP .
publication the hospital
[62]

Jin, US, Peer-

reviewed . . .
L 3 X-linked agammaglobulinemia No NR 0% 3-29 days 100 % at 1-3 days post-CovCP
publication
[63]
Delgado-
Fernandez,
Spain, Peer- 3-57 d NR f Ob: d in all b
pa.ln, eer 3 Humoral immunodeficiency Yes NR 0% 4 . 7 days ( or . servec in atl cases by
reviewed patient 1) discharge
publication
[64]

CovCP, COVID-19 convalescent plasma; n, number of patients; NR, not reported; PaO,/FiO,, ratio of arterial oxygen partial pressure to fractional inspired oxygen; SD,
standard deviation; US, United States; WHO, World Health Organization.
" Type of publication at the time of writing of this review.
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T All publications were from 2020 or 2021.

exacerbating the severity of symptoms [72,82,83]. This theoretical risk
has not been observed with CovCP infusions.

3.5. How was CovCP implemented during the COVID-19 pandemic?

At the onset of the COVID-19 pandemic, the decision to implement
CovCP was guided by urgency, and the lessons learned from CP use in
previous epidemics with respiratory viruses were initially difficult to
apply [77]. Several studies were conducted before routine assays were
available to determine NAb titers in CovCP units [23,28,30,32-37,39,
41,43-45,47,49,51-53]. Therefore, CovCP with low NADb titers was
infused during the early months of the pandemic, which may have led to
negative or inconclusive results. The variability in NAb quantity in
CovCP was further amplified by the differences in treatment protocols,
including timing and volume of CovCP infusions [81]. The facts that the
plasma of many patients who recovered from COVID-19 does not
contain sufficient NAb levels to provide therapeutic benefit and that
NAD titers decrease with time highlight the importance of determining
NAD titers with reliable and consistent testing methods in CovCP before
infusion [65,67]. A consensus concerning the choice of the assay to
measure antibody levels in CovCP in clinical trials is critical to allow
comparisons among studies. Several assays are currently used, such as
viral plaque neutralization tests and binding antibody surrogate im-
munoassays (enzyme-linked immunosorbent assay [ELISA] and chemi-
luminescent immunoassays [CLIA]), of which 12 are considered
acceptable by the US FDA to qualify CovCP units for clinical use in
hospitalized patients [84].

The timing of CovCP infusion was also highly variable among the
studies evaluating CovCP in patients with COVID-19. Early in the
pandemic, CovCP was mainly given to severe or critically-ill patients,
who were often in the ICU units and/or mechanically ventilated [20,
22-24,29-32,35,36,38-40,44,46,47,49,51-56]. While CP infusions may
be an effective treatment option in severely ill patients suffering from
other diseases, no positive effect of CovCP was observed in patients with
COVID-19 at a late disease stage who were at high risk of mortality
mainly from hyperinflammation (cytokine storm) or secondary in-
fections and less from the SARS-CoV-2 infection itself [25,79]. A few
studies suggested that CovCP might be beneficial when administered to
patients at an earlier stage of disease [25,85,86], but these results were
not confirmed in more recent RCTs [69,70]. At the early disease stages,
the blocking of viral entry and intracellular replication by the CovCP
NAbs might help prevent disease progression and activation of the in-
flammatory cascade leading to cytokine storm [25,79]. For any future
use of CP in the setting of an emerging infectious pandemic/epidemic,
well-defined patient grading scales are needed, which should be based
on additional factors beyond the time since symptom onset or admission
to hospital or ICU. Standardized definitions should be based on viral
physiopathology, disease severity (e.g., with or without MV) and num-
ber of days post-hospital admission (correlated to disease severity) in
addition to symptom duration (though disease progression varies from
patient to patient). Antibody testing later in the disease course may also
be important to identify patients who have not yet formed sufficient
levels of antibodies and may benefit from CP. Moreover, binding anti-
body signal in patients with early infection may not accurately reflect
NAb levels and should not be the only criterion used to initiate CP in-
fusions [65,67]. Another option to describe disease stages is the
consistent use of the WHO clinical progression scale [87].

In this narrative review, we discussed whether clinical outcomes
could be improved with CovCP in specific subpopulations of patients
with COVID-19 since its use in the general population does not seem
beneficial. Based on published studies, our experience, and the patho-
physiology of COVID-19, we identified immunocompromised patients
(e.g., organ transplant recipients, or patients with primary or secondary
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immunodeficiency, B-cell depletion, or cancers), who are at increased
risk for mortality, as a potential target population who might benefit
more from CovCP therapy [59,88,89]. In this population, two controlled
studies showed that CovCP treatment was associated with significantly
improved survival rates [43,57], and uncontrolled case series suggested
that CovCP infusions resulted in clinical improvements [60,61,63,64]. A
pilot study suggested that immunosuppressed patients with COVID-19 at
an early disease stage and without detectable anti-SARS-CoV-2 anti-
bodies are potential candidates for CovCP treatment, and patients with
high post-transfusion antibody titers have the highest chance of treat-
ment success [59]. A recent review has also suggested that CovCP with
high NAD titers is a safe and effective treatment for immunocompro-
mised patients [90]. The observed benefits of CovCP in these patients
could potentially be explained by their lower risk for hyperinflammation
and cytokine storm and their higher risk for chronic SARS-CoV-2 in-
fections that can be treated with CovCP infusions [59,88]. Of note, the
available results in this subpopulation should be interpreted with
caution because potential confounding factors, such as co-administered
treatments (e.g., steroids), were not considered in the analyses. Addi-
tional studies are needed to determine whether CovCP administration
prevents or favors the development of viral mutations, which were
previously reported in immunocompromised patients with chronic
SARS-CoV-2 infections [91,92].

The above-mentioned observations are in line with the revisions
made by the FDA in March 2021 concerning the Emergency Use
Authorization (EUA) of CovCP initially issued on August 23, 2020 to
facilitate access for hospitalized patients in the US [93]. In the revised
EUA, CovCP use was limited to units with high anti-SARS-CoV-2 anti-
body titers for the treatment of hospitalized patients with COVID-19
early in the course of disease (even if there is currently no consensus
concerning the definition of early disease stage) and hospitalized pa-
tients with COVID-19 and impaired humoral immunity [84]. This
updated EUA is also in line with the interim recommendations of the
Association for the Advancement of Blood and Biotherapies (AABB,
formerly the American Association of Blood Banks) mentioning that the
risks of CovCP are comparable to those of standard plasma, CovCP is
optimally effective when transfused as close to symptom onset as
possible, and CovCP effectiveness is related to the anti-SARS-CoV-2
antibody quantity within a unit [81]. In the US, the FDA requirement
for higher NAD titers has complicated the collection of CovCP meeting
the various binding NAD titer criteria. These complexities and data in-
consistencies have resulted in a halt to reimbursement for CovCP
treatment and a decrease in demand in the US.

3.6. What are the lessons learned for the next pandemic?

CP is a potentially useful treatment, but data reported to date on its
efficacy do not provide rigorously evaluated and consistent conclusions.
There are currently no guidelines for its collection and administration
during pandemics. Major problems are the difficulties to collect enough
CP with high NAD titers to treat large numbers of patients and to rapidly
and timely implement RCTs with reduced risks of biases during a
pandemic. More than 1.5 year after the onset of the COVID-19
pandemic, we have more insight on how to be better prepared for a
next epidemic or pandemic. Fig. 1 provides a list of elements that should
be considered during the implementation of a CP program for emerging
viruses.

During the first months of the COVID-19 pandemic, NAb levels were
not measured in CovCP units due to the clinical urgency—even if
existing literature based on previous epidemics had shown that CP is
beneficial only if antibody levels are high in infused units—and the
disease pathophysiology was not sufficiently understood to determine
the optimal treatment strategies. The first lesson that we have learned is
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Fig. 1. Key elements that should be considered
during the implementation of a CP program for
emerging viruses.

Footnote: Ab, antibody; CP, convalescent
plasma; NADb, neutralizing antibody; RCT, ran-
domized controlled trial. 1. Negative for anti-
human leukocyte antigen or no history of
pregnancy/transfusion; 2. E.g.,, antibody-
dependent  enhancement of infection,
transfusion-associated circulatory overload or

m transfusion-related acute lung injury.

Evaluation of confounding variables

Narrow clinical trials for targeted
subpopulations

Monitoring of safety with focus on
transfusion-related reactions?

v

Implementation of a successful
convalescent plasma program

that it is essential to rapidly develop standardized quantitative methods
with capacity for high throughput (preferably neutralization tests or
validated surrogates) and to define optimal criteria for the selection of
CP units with high antibody titers in the early stages of pandemics. A
clear strategy should be established for the identification of potential
donors who recovered from the disease. Therefore, standardized viral
nucleic acid tests and antibody assays should be rapidly developed for
screening. Because eligible donors should be negative for anti-human
leukocyte antigen [80], only men or nulliparous women with no his-
tory of transfusion should be considered as donors in the absence of
testing. The establishment of a CP donor registry may be useful to
identify eligible candidates for possible future donations. A plasma bank
of frozen and ready-to-use CP could also be built by collecting plasma
once or twice from all potential donors, especially in the early stages of a
pandemic. Of note, it is important to determine whether the virus can be
transmitted by transfusion and pathogen inactivation methods should be
considered until this is confirmed, especially if prophylactic CP infusion
post-potential exposure is considered. Moreover, the identification of CP
recipients lacking high existing antibody levels is also essential to
establish an efficient CP strategy in epidemics/pandemics.

While several studies have shown that CovCP infusions are not
effective to treat patients suffering from COVID-19, a question that still
needs to be addressed is whether plasma from vaccinated individuals
might be beneficial. It has been recently shown that the in vitro
neutralization activity induced by vaccination was lower against some
variants, but that vaccinated individuals retained neutralization capa-
bility against most emerging variants [94]. Another study has shown
that antibody responses to the first dose of mRNA vaccines
(BNT162b2/Pfizer; mRNA-1273/Moderna) in individuals with
pre-existing immunity from infection were equal to and frequently
exceeded the titers found in naive individuals after their second dose
[95]. Thus, the collection of CovCP from vaccinated individuals who
have recovered from primary infection is an area of interest [96].
Storage of plasma collected after vaccination could play a role in case of
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emergence of a more aggressive variant or during the existing vaccina-
tion gap in some countries and can be helpful to be better prepared for a
next wave of infections.

A second lesson learned is that early understanding of disease
pathophysiology is necessary to identify target populations optimally
benefiting from any treatment, including NAb-containing CP infusions.
Previous studies have suggested with a low LoE that CP infusions might
be beneficial in critically-ill patients affected by some respiratory vi-
ruses, such as SARS or MERS [13,73-77]. For other viral infections
whose life-threatening effects are not the direct result of viral cellular
damage, such as COVID-19, CP infusions do not seem effective in
critically-ill patients but might improve clinical outcome in specific
subpopulations. For COVID-19, additional studies are needed to deter-
mine whether CovCP infusions may be beneficial at early disease stages
in immunocompromised patients. These observations highlight the
importance of the early characterization of the disease pathophysiology
to determine the optimal timing and schedule of CP infusions and to
design narrow clinical trials in targeted subpopulations. Since the dis-
ease pathophysiology is always unknown during the first months of new
epidemics/pandemics, safe and broadly available approaches, such as
CP infusions, remain valuable treatment options during the emerging
phase. CP treatment may stop infections and should not be restricted to
critically-ill patients but should be used at earlier disease stages for all
patients or specific subpopulations of vulnerable patients in future
pandemics/epidemics.

A third lesson learned is that there is a need for increased rigor and
consistency in terms of treatment protocols and testing methodologies in
studies evaluating the use of CP. At the onset of a pandemic, high-quality
RCTs should be rapidly implemented and a consensus concerning key
clinical outcomes to assess should be established to allow for compari-
sons between studies. The evaluation of confounding variables, such as
concomitant treatments, and the monitoring of safety are also essential.
Ideally, a standard protocol for RCTs evaluating CP safety and efficacy
should be drafted and made publicly available and ready to be
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implemented worldwide.

A fourth lesson learned is that CP treatment implementation and use
in later stages of pandemics may vary from one country to another. The
implementation of CP treatment at the early stages may be more
complicated and require adapted strategies in developing countries due
to operational considerations [80]. However, CP treatment may be
useful in the longer term in countries with limited resources owing to its
low cost, wide availability, and clinically acceptable safety profile,
assuming infectious disease safety is ensured by testing or inexpensive
plasma pathogen reduction, and cold chain can be maintained [97]. In
countries with limited resources where the determination of NAb titers
in CP is complicated, the identification of clinical predictors of high NAb
titers is also critical. For CovCP, a previous study has shown that male
sex, older age, and hospitalization for COVID-19 were associated with
increased antibody levels [98]. In countries with limited resources,
collection and storage of CP could be another option to improve pre-
paredness for a next wave of infections or the emergence of new vari-
ants. If feasible, CP sharing programs between high- and low-income
countries should also be established.

4. Conclusion

The evidence of benefit of NAb-containing CP infusions observed
during previous epidemics and the reassuring safety profile of plasma
treatment led to the widespread use of CovCP at the onset of the COVID-
19 pandemic. While CovCP was used to fill a gap in the treatment for this
new emerging virus, it was not intended for long-term use and was never
considered as the ultimate therapy for COVID-19 since the eventual
goals were to find effective targeted therapies and prevention measures
through vaccination.

With the insights that we have more than 1.5 year after the onset of
the pandemic, we realize that the implementation of CovCP infusions for
the treatment of COVID-19 was suboptimal. To be better prepared for
future epidemics or pandemics and to evaluate the potential benefits of
CP treatment, we should ensure that only CP with high NAb titers is
infused in patients with low NAD titers, patient eligibility criteria are
based on the pathophysiology of the targeted disease, and measured
clinical outcomes and methods are comparable across studies. Future
research on the use of CP should focus on increasing scientific rigor for
consistency in study design, test methods, and data analyses to allow for
improved data interpretation and evidence-based clinical decisions. A
standard protocol accounting for confounding variables, such as co-
administered drugs and patients’ confounding clinical variables, could
be developed for the implementation of RCTs.

While CovCP infusions seem ineffective for the treatment of
critically-ill patients with COVID-19, additional studies are needed to
evaluate their potential benefits in immunocompromised patients. Even
if CovCP infusions do not improve clinical outcome in patients with
COVID-19, NAb-containing CP infusions remain a safe, widely available
and potentially beneficial treatment option to fill treatment gaps for
emerging viruses. An early characterization of the disease pathophysi-
ology will be essential to determine the optimal timing and schedule of
CP infusions and to design narrow clinical trials in targeted sub-
populations for future global pandemics or local epidemics.
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