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ABSTRACT

Introduction: Convalescent plasma (CP) emerged as potential treatment for COVID-19 early in the pandemic. While effi-
cacy in hospitalised patients has been lacklustre, CP may be beneficial at the first stages of disease. Despite multiple
new variants emerging, no trials have involved analyses on variant-specific antibody titres of CP.

Methods: We recruited hospitalised COVID-19 patients within 10days of symptom onset and, employing a double-
blinded approach, randomised them to receive 200 ml convalescent plasma with high (HCP) or low (LCP) neutralising
antibody (NAb) titre against the ancestral strain (Wuhan-like variant) or placebo in 1:1:1 ratio. Primary endpoints com-
prised intubation, corticosteroids for symptom aggravation, and safety assessed as serious adverse events. For a pre-
planned ad hoc analysis, the patients were regrouped by infused CP’s NAb titers to variants infecting the recipients i.e.
by titres of homologous HCP (hHCP) or LCP (hLCP).

Results: Of the 57 patients, 18 received HCP, 19 LCP and 20 placebo, all groups smaller than planned. No significant dif-
ferences were found for primary endpoints. In ad hoc analysis, hHCPrecipients needed significantly less respiratory sup-
port, and appeared to be given corticosteroids less frequently (1/14; 7.1%) than those receiving hLCP (9/23; 39.1%) or
placebo (8/20; 40%), (p = 0.077).

Discussion: Our double-blinded, placebo-controlled CP therapy trial remained underpowered and does not allow any firm con-
clusions for early-stage hospitalised COVID-19 patients. Interestingly, however, regrouping by homologous - recipients’ variant-
specific — CP titres suggested benefits for h(HCP. We encourage similar re-analysis of ongoing/previous larger CP studies.

Trial registration: ClinTrials.gov identifier: NCT0473040
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Introduction

In the early days of the SARS-CoV-2 pandemic, treatment
options were urgently needed. Various valuable tools for
prevention and treatment of COVID-19 vaccines, antivi-
rals, monoclonal antibodies, and immunomodulatory
therapies were not yet available. The concept of apply-
ing convalescent plasma (CP) as therapy for COVID-19
felt intriguing because of a potentially ample supply of
CP. Before COVID-19, CP had been used to treat other
viral infections, such as the 1918 and 2009 H1N1 influ-
enza pandemics, SARS-CoV-1, and Middle East
Respiratory Syndrome (MERS). CP therapy appeared to
be of benefit particularly when given early in the course
of infection [1,2], but the evidence was derived from a
small number of studies lacking control groups [2].

In April 2020, the European Commission (EC) issued
advice on the use of CP for COVID-19 in research set-
tings, and a database was created to collect data from
clinical trials [3]. While some potential adverse effects of
CP treatment, such as transfusion-related acute lung
injury (TRALI) and disease aggravation by antibody-
dependent enhancement (ADE), were initially of concern,
it is important to note that such events have proved
very rare. In contrast, at present, CP treatment is consid-
ered generally safe [4,5].

Early in the pandemic, three randomised controlled
trials (RCT) suggested that CP therapy is ineffective late
in disease progression [6-8]. However, there were indica-
tions that high titre CP given soon after symptom onset
could be beneficial [9,10]. Accordingly, we focused on
treatment provided soon after hospital admission using
a placebo-controlled, randomised, double-blinded study
design including comparison between low- and high-
titre CP.

Methods
Trial design and study objectives

We conducted a prospective double-blinded RCT on the
efficacy and safety of convalescent plasma (CP) treatment
of hospitalised adult COVID-19 patients at the HUS
Helsinki University Hospital between 2 February 2021 and
19 January 2022. Patients were randomised 1:1:1 to
receive either low-titre CP, high-titre CP or placebo. The
titres were categorised by level of neutralising antibodies
(NAb) against the SARS-CoV-2 ancestral strain (B.1 Wuhan-
like original variant) as measured by a microneutralization
test (MNT) from donated CP. The donors were recruited
among RT-PCR-confirmed patients from the Helsinki

Metropolitan area. Primary endpoints were intubation and
initiation of a systemic corticosteroid for aggravation of
COVID-19 within 21 days, and safety, assessed as rates of
serious adverse events (SAE). A more detailed list of study
objectives is presented in Supplementary Table S1. and
conduct of the trial in Figure 1. Degree of respiratory fail-
ure and other clinical and laboratory parameters were
monitored throughout hospitalisation. Participants were
followed up for 360 days.

Ethics clearance and monitoring

The four study protocols involved were each approved
by the HUS Ethical Committee. Three of them - referred
jointly as C_COVID master study — covered recruitment
for antibody analyses: Clin_COVID (HUS/1238/2020),
Commun_COVID (HUS/1239/2020), and SARS-CoV-2 /
COVID-19 (HUS/853/2020). The fourth, Plasma_COVID
(HUS/1637/2020), included plasma donation and the
clinical trial presented here. Written informed consent
was obtained from all participants. The study was moni-
tored by an external monitor (HUCH Institute Ltd) and
registered at Clinical Trials (NCT04730401).

Convalescent plasma products

Patients with an RT-PCR-confirmed COVID-19 infection in
the HUS area were recruited into the C_COVID master
study [11-14]. Healthy seropositive individuals aged 18-
65 were invited to participate in the present investiga-
tion, Plasma_COVID, as donors. Convalescent plasma
was collected at the Finnish Red Cross Blood Service
(FRCBS) in Helsinki, with a concurrent plasma sample
collected for serological tests. Plasma with a NAb titre of
1:20-1:80 against the ancestral strain by MNT (microneu-
tralization assay) was considered low-titre plasma (LCP),
and that with >1:160 high-titre plasma (HCP).

Preparation of plasma products at FRCBS

Plasmapheresis was conducted with the Trima Accel
Automated Blood Collection System (Terumo BCT Inc,
Lakewood, USA), software version 6.0, applying the proto-
col described elsewhere [15]. The recommendations of
the European Commission on CP collection [3] and the
guidance of the EDQM [16] were followed. In addition to
routine testing for blood-borne infectious diseases, all
donors were screened for interferon alpha 2b (IFN-a2b),
and women for HLA antibodies. Those with a positive
finding were excluded from the donor pool.


https://doi.org/10.1080/23744235.2024.2329957

INFECTIOUS DISEASES . 3

Screening of adult patients admitted for Covid-19

Reason for exclusion

N = 868 Did not meet inclusion criteria n = 353
Exclusion criteria met = 386
1 — | Did not wish to participate n = 63
Recruited

N =67 (7.7 %)

Excluded after recruitment

l

Steroid started before CP/placebo
—*| infusion n = 41

Final study population
N = 57 (6.6 %)

Patient transferred to another hospital or
discharged n = 2
No suitable CP from all groups n =2

==

Withheld consent n = 1
Possible cancern = 1

Placebo Low-titer CP High-titer CP
N =20 N=19 N=18
Study contacts

At admittance, daily at hospital and with 30 day intervals up to one year after CP/placebo infusion

Follow-up
Core outcome measure for respiratory failure, clinical parameters, serology and chest imaging results at baseline and laboratory findings for inflammation and thrombosis

Outcomes
Recovered, start of corticosteroids due to aggravation of Covid-19 or intubation, AE / SAE

Figure 1. Study design.

Abbreviations: COVID-19 = Coronavirus Disease, CP = convalescent plasma, AE = adverse event, SAE = Serious adverse event.
'One of these participants was administered corticosteroids before the study drug infusion but was given the infusion by mistake. A deci-

sion to exclude was made the same day.

Recruitment of COVID-19 patients

We recruited >18-year-old patients hospitalised for RT-
PCR-confirmed COVID-19 at HUS. For inclusion, symptom
duration was not to exceed 10days. Our exclusion crite-
ria (Supplementary Table S2) included current systemic
corticosteroids, immunosuppression or immunosuppres-
sive/-modulating therapy over the past six months and
do-not-resuscitate order or decision to withhold ICU treat-
ment. Eligibility was re-evaluated immediately before
administering CP/placebo. Unblinded study personnel
randomised the patients only after verifying availability of
both low- and high-titre blood type-compatible CP.

At baseline, the participants filled out a questionnaire
on their general health, COVID-19 risk factors and symp-
toms. They were randomised into one of three groups
to receive 1) high-titre NAb CP (HCP), 2) low-titre NAb
CP (LCP), or 3) as placebo, intravenous isotonic saline
solution. Once new variants began to emerge, we gave
the most recently collected plasma to increase the prob-
ability of matching donors’ and recipients’ virus variants.

Infusion of CP/placebo and treatment in the hospital

The unblinded study nurses administered plasma or pla-
cebo as a single 200 mL intravenous 60-minute infusion

(blinded to patients and ward personnel). Apart from
the intervention, all participants received standard care:
for those with increasing need for supplemental oxygen,
and clinical or radiological suspicion of COVID-19 pneu-
monitis, local guidelines instructed dexamethasone after
> 7days from symptom onset. The decision on dexa-
methasone, like all other decisions regarding patient
care, was made by treating physicians, who instructed
its administration. The researchers were not involved in
the clinical decisions. Antiviral medications for immuno-
competent patients were not in use at HUS over the
study period.

ABO and RhD blood groups were determined from all
participants; pregnancy was ruled out for women of
child-bearing age. Sera for anti-SARS-CoV-2 antibodies
and nasopharyngeal SARS-CoV-2 swabs for RT-PCR and
sequencing were collected before the study infusion.
Clinical and laboratory parameters were retrieved from
electronic patient records daily. As baseline laboratory
values and clinical parameters, we used those from the
morning of infusion day or (for participants with no
laboratory tests taken that day) the preceding day. The
degree of respiratory failure was recorded as Core
Outcome Measure for Respiratory Failure (COMRF) score
[17], adopting score 10 (death) from the WHO clinical
progression scale [18] (Supplementary Table S3).
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Table 1. Baseline characteristics.

Randomised groups Ad hoc groups®
Participant characteristics® Placebo LCP HCP All hLCP hHCP
Number of participants, n 20 19 18 57 23 14
Female gender, n (%) 10 (50.0) 9 (47.4) 9 (47.4) 27 (47.4) 8 (34.8) 9 (64.3)
Age years, mean (SD) 54.3 (16.5) 50.6 (17.1) 50.0 (13.1) 51.7 (15.5) 52.3 (16.0) 4.1 (16.9)
BMI kg/mz, mean(SD) 28.8 (4.8) 28.2 (5.4) 30.1 (6.2) 29.0 (5.4) 28.5 (5.7) 0.0 (6.0)
Fever >38.5°C, n (%) 11 (55.0) 9 (47.4) 10 (55.6) 30(52.6) 15 (65.2) 4 (28.6)
CRP >100mg/I, n (%) 2 (10.0) 3 (15.8) 3 (17.6)° 8 (14.3)° 3 (13.0)° 3(23.1)
Lymphocytes <0.50 10%/1, n (%) 0 (0) 1(5.6) 1(6.7) 2 (3.9 2 (10.0) 0 (0)
Any COVID-19 vaccination, n (%) 5 (25.0) 3 (15.8) 4 (22.2) 12 (21.1) 4(17.4) 3 (21.4)
Virus variant, n (%)
Wuhan-like ancestral strain 0 (0) 2 (10.5) 0 (0) 2 (3.5) 1(4.3) 1(7.1)
Alpha 9 (45.0) 7 (36.8) 8 (44.4) 24 (42.1) 9 (39.1) 6 (42.9)
Beta 3 (15.0) 3 (15.8) 3(16.7) 9 (15.8) 5(21.7) 1(7.7)
Delta 7 (35.0) 7 (36.8) 7 (38.9) 21 (36.8) 8 (34.8) 6 (42.9)
Omicron 1(5.0) 0 (0) 0 (0) 1(1.8) 0 (0) 0 (0)
CP NAb titre, median (IQR) NA 80 (40-80) 320 (160-640) NA 80 (40-160) 320 (80-800)
CP homologous NAb titre, median (IQR) NA 40 (40-80) 240 (80-1280) NA 40 (40-80) 320 (160-2240)
Symptom duration, days, median (IQR) 8 (7-9.75) 8 (6-9) 8 (5.75-9.25) 8 (6.5-9) 8 (6-9) 9 (7.75-9.25)
Delay from ER to infusion, days, median (IQR)f 1(1-2) 1(1-2) 1 (1-1.25) 1(1-2) 1(1-2) 1(1-2)
Systemic antibacterial medication, n (%)° 11 (55.0) 14 (73.7) 6 (33.3) 31 (54.4) 15 (65.2) 5 (35.7)
Infusion on day of recruitment,n (%) 11 (55.0) 11 (57.9) 13 (72.2) 35 (61.4) 16 (65.2) 9 (64.3)
Diabetes, n (%) 2 (10.0) 2 (10.5) 3 (16.7) 7 (123) 3 (13.0) 2 (143)
Asthma or COPD, n (%) 3 (15.0) 7 (36.8) 3 (16.7) 13 (22.8) 6 (26.1) 4 (28.6)
Current smoker, n (%) 2 (10.5) 1 (5.6) 2 (11.1) 5(9.1) 1 (4.5) 2 (14.3)
Dyspnoea or tightness in chest, n (%)" 8 (42.1) 6 (33.3) 8 (44.4) 22 (40.0) 11 (50.0) 3 (21.4)
Oxygen therapy, n (%)' 13 (65.0) 8 (42.1) 6 (33.3) 27(47.4) 11 (47.8) 3 (21.4)
Chest X-ray consistent with infection, n (%) 11 (57.9)° 16 (84.2) 12 (70.6)° 39 (70.9) 19 (82.6) 9 (69.2)°
Seropositive, n (%) 8 (40.0) 9 (47.4) 7 (38.99) 24 (42.1) 9 (39.1) 7 (50.0)

Abbreviations: LCP =
gous titre convalescent plasma, BMI =
ive pulmonary disease.

low-titre convalescent plasma, HCP = high-titre convalescent plasma, hLCP =
body mass index, CRP = C-reactive protein, CP = Convalescent plasma, NAb = neutralising antibody, COPD = chronic obstruct-

low-homologous titre convalescent plasma, hHCP = high-homolo-

“Baseline clinical parameters and laboratory values are from the day of, and prior to infusion. If laboratory values were not taken on the day of the infusion, they

are from the previous day. Symptom duration counted from the infusion day.

PPatients regrouped based on the CP neutralising antibody titre by pseudovirus neutralization assay against the variant infecting the patient. The columns placebo

and all apply also to the ad hoc groups.
“Data missing for one patient.

9Not taken for two in the placebo group, three in the HCP and hHCP groups and for one in the LCP and hLCP groups.
eNeutrallsmg antibody titre against the virus variant infecting the patient as determined by pseudovirus neutralization assay.

Time in days between presenting in the hospital to the intervention.

9The difference between randomised groups is significant (p = 0.048), but not in ad hoc grouping (p =0.22), Pearson x°.

hReported by participants as one of the three most difficult symptoms.

"The difference was statistically significant between the ad hoc groups (p = 0.043), but not in the randomised groups (p =0.13), Pearson x°.
JBaseline seropositivity was defined as >1:20 titre in pseudovirus neutralization assay against any variant.

Adverse events

The reporting period for adverse events (AE) was six
hours, and for thromboembolic and cardiovascular AE
and serious adverse events (SAEs) 360days after the
study infusion. To differentiate between respiratory fail-
ure caused by CP infusion (TRALI), and aggravation of
COVID-19 per se, the reporting period was 12h for
respiratory failures classified as SAE.

Follow-up after hospital discharge

The post-hospitalisation follow-up comprised a serum
sample for anti-SARS-CoV-2 antibodies, a phone call, and
an electronic questionnaire filled out by each participant
to survey symptoms, possible SAEs and new medications
at 15, 30, 60, 90, 120, 150, 180, 270, and 360 days after
infusion. Patient records were rechecked at the end of
the 360-day follow-up for changes in study endpoints.

Ad hoc groups

To compensate for the possibility of donors and recipi-
ents being infected with different virus variants — result-
ing in patients receiving heterologous CP - we
conducted an ad hoc analysis, regrouping the recipients
by CP’s pseudovirus-neutralising antibody (pNADb) titre
against their (homologous) virus variants. Plasma with a
homologous pNAb titre >160 was defined as homolo-
gous high-titre plasma (hHCP) and others as homolo-
gous low-titre plasma (hLCP).

Statistics

Power calculations are described in the supplementary
file. Statistical analyses were designed before database
lock and unblinding. Randomisation was done by
Granitics CFR software with a fixed block size of two
times the number of subject groups.
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Table 2. Comparison of primary and secondary outcomes between randomised and ad hoc groups.

Randomised groups Ad hoc groups®

Endpoint Placebo n=20 LCP n=19 HCP n=18 p-value hLCP n=23 hHCP n=14 p-value
Serious adverse event, n (%) 1 (5.0 3(15.8) 1(5.6) 0.51 4(17.4) 0 (0.0) 0.28
Intubation, n (%) 2 (10.0) 0 (0.0)° 1(5.6) 0.77 143P° 0 (0.0) 077
Corticosteroids for COVID-19, n (%) 8 (40.0) 6 (31.6) 4 (22.2) 0.50 9 (39.1) 1(7.1) 0.077
Death, n (%) 0 (0) 1(43) 0 (0) 0.65 1(4.3) 0 (0) 1.0
Hositalisation length (days), median (IQR) 4 (2.25-10.75) 4 (1.0-8.0) 3 (1.0-7.25) 0.60 5 (1.0-8.0) 3 (1.0-4.0) 0.17
ICU admission, n (%) 3 (15.0) 1(5.3) 2 (11.1) 0.77 3 (13.0) 0 (0) 0.42
ICU days, mean (SD)° 1.5 (4.6) 0.5 (2.3) 14 (4.2) 0.62 1.6 (4.2) 0 (0.0 0.34
Ventilator days, mean (SD)* 1.4 (4.5) 0 (0.0) 0.2 (0.9) 0.18 0.2 (0.8) 0 (0.0) 0.20
DVT or pulmonary embolism, n (%) 1 (5.0 0 (0.0) 0 (0.0) 0.39 0 (0.0) 0 (0.0) 0.39
Worst COMRF score, n (%) 0.41 0.029
4= No oxygen therapy 6 (30.0) 8 (42.1) 10 (55.6) 8 (34.8) 10 (71.4)

5=0xygen by mask or prongs 12 (60.0) 8 (42.1) 6 (33.3) 10 (43.5) 4 (28.6)

6 =NIV or high flow nasal cannulae 0 (0) 2 (10.5)) 1(5.6) 3 (13.0) 0(0)

7 =IMV p02/Fi02 > 150mmHg 0 (0) 0 (0) 1 (5.6) 1(4.3) 0 (0)

8=IMV p02/Fi02 < 150mmHg 2 (10.0) 0 (0) 0 (0) 0 (0) 0 (0)

9 =ECMO 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

10 = Death 0(0) 1(5.3) 0 (0) 1(4.3) 0 (0)

Serious adverse events and deep venous thrombosis/pulmonary embolism recorded for 360 days. Death recorded separately for 360 and 21 days post-infusion, but
only one death occurred (in less than 21 days). Hospital stay was until death or discharge to either home or aftercare in a non-HUS hospital. Other parameters
recorded for 21 days after infusion: maximum stay ICU or on ventilator was thus 21 days.

Abbreviations: LCP = low-titre convalescent plasma, HCP = high-titre convalescent plasma, hLCP =low-homologous titre convalescent plasma, hHCP = high-homolo-
gous titre convalescent plasma, DVT=deep venous thrombosis, COMRF=core outcome measure for respiratory failure, NIV =non-invasive ventilation,
IMV = invasive mechanical ventilation, ECMO = extracorporeal membrane oxygenation.

?Placebo group the same as in randomised groups, therefore not presented here. The p-value concerns that as well.

One patient got DNI (do-not-intubate) order after the intervention.

“p-value from Kruskall-Wallis, but since medians were 0, values are presented as mean (SD) to allow more informative interpretation.

Table 3. Adverse (AE) and severe adverse events (SAE) for hospitalised COVID-19 patients receiving convalescent plasma containing a
high (HCP) or low (LCP) titre of anti-SARS-CoV-2 neutralising antibodies, or placebo.

Group AE/SAE Description Time of onset® AE/SAE outcome Causali'(yb
HCP SAE Increasing dyspnoea and 4 Oxygen supplement by mask for two days. Unlikely
worsening hypoxaemia Possible (secondary) bacterial pneumonia.
Discharged five days after infusion.
LCP AE Fever (38°C) 3 Resolved with acetaminophen. Discharged Possible
three days after infusion.
LCP SAE Worsening hypoxaemia 1 Hypoxaemia deepened rapidly after infusion. Possible
Due to advanced age and obesity, ICU care
was withheld. Died of COVID-19
pneumonitis eight days after infusion.
LCP SAE Dyspnoea and worsening 8 Admitted to ICU three days after infusion, Unlikely
hypoxaemia non-invasive ventilation. Discharged after
nine days in ICU and ten days on regular
ward.
LCP SAE Tachypnea and worsening 5 Nasal high flow oxygen therapy. Discharged Possible
hypoxaemia eight days after infusion.
Placebo SAE Worsening hypoxaemia 7 Intubated and transferred to ICU three days Possible
after infusion. Treated 31 days in ICU.
Finally discharged after 105 days in various
hospitals. Sequelae of COVID-19 resulted in
chronic dyspnoea.
Placebo AE Pain and paresthaesia of non- 0 Resolved within hours. Discharged the Unlikely
infusion arm following day.
Placebo AE Nausea and dizziness after 0 Resolved spontaneously within 12 h. Possible

study infusion

Discharged five days after infusion.

®Hours after initiation of study infusion.

BProbability that adverse event was caused by study infusion, as judged by investigators at the time (before unblinding).

The Shapiro-Wilk test was used to assess normality of
continuous variables. One-way analysis of variance was
employed to compare age and BMI between the groups.
The differences in non-normally distributed continuous
variables were tested using the Kruskall-Wallis test which
was also chosen for analysis of differences in COMRF

score (ordinal variable). Pearson’s chi-square or Fisher’s
exact test was used for categorical variables. P-values
below 0.05 were considered statistically significant, and
two-sided tests were employed. Statistical analyses were
carried out with IBM SPSS Statistics 28 (IBM Corp.,
Armonk, NY).
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Laboratory methods

SARS-CoV-2 PCR

RNA was extracted from nasopharyngeal swab samples
with Trizol (Thermo Scientific) according to manufac-
turer’s instructions. It was then tested with RdRp target-
ing RT-PCR as previously described [19]. RT-PCR was
conducted  with  Stratagene = Mx3005P  (Agilent
Technologies).

Sequencing

The nasopharyngeal swab samples were sequenced as
described previously [20] and analysed using HAVoC
pipeline [21]. For further analyses, the sequences were
categorized into Wuhan-like ancestral strain, Alpha, Beta,
Delta, and Omicron variants.

Microneutralization and pseudovirusneutralization
assays

Microneutralization test (MNT) was used for initial deter-
mination of NAbs when selecting the CP for those rand-
omised to receive LCP or HCP. As described earlier in
detail [22,23], MNT was carried out in a biosafety-level 3
laboratory in duplicate in Vero E6 cells from 1:20 serum
dilution onwards with FIN-1: Vero E6-passaged strain
from the 1st Finnish patient in 2020 [22]. The pseudovi-
rus neutralisation test was used for analyses of CP’s vari-
ant-specific neutralising antibody titres and evaluation
of the recipients’ seropositivity upon enrolment. It was
based on a recombinant lentivirus with a luciferase
reporter pseudotyped with S proteins of different SARS-
CoV-2 variants of concern that circulated in Finland over
the study period [20, 24] as described previously [25,26].

Detection of IFN-0.2b antibodies by ELISA

Patient sera were screened for antibodies against recom-
binant IFN-a2b protein (ImmunoTools, Friesoythe,
Germany) by a validated in-house enzyme-linked
immunosorbent assay (ELISA) as previously described
[27]. Absorbance was read at 450 nm with a photometer
and the mean value of the triplicate samples was used,
deduced by the background OD value of buffer-only
wells. The cut-off level was set on the basis of reference
healthy donor sample values at OD-signal 0.04.

Data availability

We report a group with potentially recognisable partici-
pants; to protect their anonymity, individual-level data
are not provided. Any other relevant data are available
from the corresponding author upon
request.

reasonable

Results
Participant groups

Over the study period, 868 patients admitted to HUS for
RT-PCR-confirmed COVID-19 were screened for eligibility.
Initially, 67 patients were recruited to participate, but
upon pre-infusion re-evaluation of eligibility, nine more
were excluded: three for dexamethasone given before
the infusion; two for being discharged or transferred to
a non-study hospital; two for either low- or high-titre
blood type compatible plasma lacking; one for withheld
consent; and one for findings compatible with a malig-
nancy. Finally, one was excluded upon infusion by the
blinded Pl because of dexamethasone ordered shortly
before but not spotted in time.

The final participant group comprised 57 patients, of
whom 18 were given HCP, 19 LCP, and 20 placebo
(Figure 1). The ad hoc regrouping by homologous titre
yielded 14 hHCP and 23 hLCP recipients (8 from HCP
group transferred to hLCP, 4 from LCP to hHCP group).
Reasons for exclusion are presented in Supplementary
Table S4.

Termination of the study

Recruitment was extended beyond its initially planned
termination date (September 2021) in response to slow
recruitment, mainly ascribed to late hospitalisation
(>10days after symptom onset) and early start of dexa-
methasone. The study concluded on 30 January 2022
due to recruitment difficulties (see discussion). The
emergence of the Omicron variant (B.1.1.529) against
which our CP preparations were expected to have poor
neutralising activity, as they had been collected during
predominance of other variants [23,28-30], expedited
the decision (see discussion). Continuing the trial with-
out variant-compatible CP was deemed unethical, and
collecting a new CP bank seemed futile when so few eli-
gible patients were being admitted.


https://doi.org/10.1080/23744235.2024.2329957
https://doi.org/10.1080/23744235.2024.2329957

Baseline data about randomised groups

Our study population comprised 57 participants with a
mean age of 51.7 years; 27 (47%) were women.

We identified the following variants: Alpha for 24
patients (42.1%), Delta for 21 (36.8%), Beta for nine
(15.8%), Wuhan-like ancestral strain for two, and
Omicron variant for one. The median time span from
symptom onset to intervention was eight (IQR 6.5-9)
days. The infusion was given on recruitment day to 35
patients, and 22 received it the following day.

Between the randomised groups, no significant differ-
ences were observed in age, sex, BMI, chronic illnesses,
vaccination status, seropositivity at baseline, or propor-
tions of virus variants. Likewise, the groups did not differ
in their symptom duration prior to hospitalisation or
need for supplemental oxygen.

Baseline data about ad hoc groups

For ad hoc analyses, the recipients were regrouped by
donated CPs’ titres to their infecting variants. The results
showed significantly fewer (p=0.043) needing supple-
mental oxygen at baseline in the hHCP group (3/14;
21.4%) than the hLCP (11/23; 47.8%) or placebo (13/20;
65%) groups. The hHCP group also appeared less likely
to have dyspnoea or tightness in chest as one of the
main presenting symptoms, but this difference did not
reach statistical significance. Table 1 provides the base-
line characteristics in detail.

Outcomes for randomised and ad hoc groups

The HCP, LCP and placebo groups did not differ signifi-
cantly in their rates of SAE/AE (Table 2), length of hospi-
talisation, or number of patients intubated or given
corticosteroid (Table 3). For the first three variables, no
differences were seen between the ad hoc groups
either. However, in the hHCPgroup corticosteroids were
begun for disease aggravation only for 1/14 of patients
(7.1%), while the respective rate in the hLCPgroup was
9/23 (39.1%) and placebo group 8/20 (40.0%); the differ-
ence did not reach statistical significance (p=0.077).
The lowest respiratory failure score (COMRF) seen for
the hHCP group was significantly (p=0.029) below that
of the other groups: only four (4/14 =28.6%) required
supplemental oxygen during hospitalisation compared
with 10/23 (43.5%) in the hLCP and 12/20 (60%) in the
placebo groups. None in the hHCP group needed
more intensive respiratory support than supplemental
oxygen compared with 5/23 (21.8%) in the hLCPand
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2/20 (10%) in the placebo group. Table 2 depicts the
main outcomes.

Discussion

The prevailing view in scientific literature and guidelines
appears to be that CP therapy is not an effective treat-
ment for hospitalised COVID-19 patients, particularly for
advanced disease [31-33].

In other studies, however CP has appeared beneficial
for early-stage outpatients [34-36] and, by some reports,
early-stage inpatients [28,37]. In addition, a recent open
label randomised study found CP effective for mechanic-
ally ventilated ICU patients when given in a sufficiently
high dose [38]. To further explore the potential of CP
therapy for early-stage patients, our double-blinded
randomised prospective study focused on hospitalised
patients for whom CP therapy would be realistic in a
real-life scenario, striving to recruit patients within ten
days of symptom onset.

Size of study population

Instead of the initially planned 400, our study population
came to comprise 57 patients. This was the sum of several
factors: (1) fewer patients were hospitalised than antici-
pated on the basis of other countries’ reports, thus limit-
ing the number of eligible patients within the planned
timeframe; (2) after epidemiological changes and large-
scale vaccinations, most of the admitted patients turned
out to be multimorbid and thus ineligible; (3) selecting
starting of systemic corticosteroids for COVID-19 as our
primary endpoint (in addition to intubation and SAE)
proved unsuccessful because of subsequent changes in
clinical practice: initially, steroids were recommended in
the event of increasing need for oxygen supplementation
[39], but, later on, dexamethasone was also begun in rela-
tively mild hypoxaemia, further challenging our search for
eligible patients. Thus, in the end, with the limited study
population, our trial lacks the power to demonstrate other
than very substantial differences in outcomes.

Primary outcome

Our study was underpowered to reliably compare the
primary outcomes for hospitalised COVID-19 patients
receiving high-titre CP, low-titre CP or placebo. The
majority of other RCTs conducted on hospitalised
patients have not shown a benefit for CP. The first RCT
by Li et al. in 2020 reported no decrease in mortality;
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however, they focused on individuals with severe dis-
ease, with a median time from symptom onset to ran-
domisation totalling 30 days [7]. Likewise, lack of efficacy
was also reported by the Indian multicentre PLACID trial
in 2020; however, most of their study patients received
low-titre CP and/or already had an advanced disease at
recruitment [6]. Also, the trial by Simonovich et al. failed
to show a significant clinical benefit for CP administered
to patients with severe COVID-19 pneumonia [8]. In May
2021, the large RECOVERY trial reported no benefit for
CP over placebo in 28-day survival of hospitalised
COVID-19 patients [10], though those given high-titre
plasma or therapy <7days after symptom onset
appeared to thrive better (28-day mortality lower, RR
0.92, p=0.06). The most recent Cochrane systematic
review update, which included 23 RCTs comparing CP to
placebo or standard care, provided data about 22020
participants with moderate/severe COVID-19: CP treat-
ment was not effective in reducing death or risk of inva-
sive mechanical ventilation [31]. However, in a more
recent meta-analysis, CP therapy was associated with a
small mortality benefit [40].

Following several RCTs with no efficacy for CP in hos-
pitalised patients, a recent randomised open-label study
by Misset et al. [38] deserves attention. CP was found
successful among patients on ventilator who had pro-
gressed to acute respiratory distress syndrome. The
median time from symptom onset was 12days. This
finding challenges the current understanding of only
early-stage CP being potentially effective. Compared to
previous studies, Misset et al. administered a higher
quantity of antibodies: their CP had a verified high-titre
of NAb (>1:160, 82.3% had >1:320) and a large volume
(400-500 ml) [28,41,42].

NADb titres and timing may at least partly account for
the hospitalised patients’ poor results, since the key
requirements of CP therapy success have appeared to
be specific neutralising antibodies infused in a high
dose early in the course of disease [28,41,42]. Indeed,
shortly before we began recruiting patients, Libster et al.
published a double-blinded RCT showing efficacy of
early high-titre CP treatment administered to non-hospi-
talised COVID-19 patients at high risk of severe disease
[35]. This result was corroborated in a recent meta-ana-
lysis concluding that CP prevents hospitalisation particu-
larly when given in high titres and within five days of
symptom onset [34]. Although potentially efficacious as
an antiviral therapy preventing progression into severe
inflammation, CP is not primarily an anti-inflammatory
agent and should therefore not be expected to perform

well at later stages of disease [28,42]. Thus, although a
late transfusion of CP seemed futile, the success of high-
titre CP treatment soon after hospital admission a nar-
row window of opportunity deserved further study.

Variant-specific analyses

The constantly changing landscape of the pandemic
proved challenging for research on CP [29], since the
emergence of the new SARS-CoV-2 variants led to
administration of products with non-matching variants.

Of note, later in the pandemic, the availability of CP
from convalescents with hybrid immunity (resulting
from both vaccination and natural infection) may help
to address the challenge posed by non-matching var-
iants [43].

The CP preparations in our randomised trial were ini-
tially categorised into LCP and HCP by their MNT titre
against the Wuhan-like ancestral strain. However, these
products may have been administered to participants
having an infection with a more recently emerged -
heterologous - variant, thus the possible efficacy could
only have been based on cross-reactive antibodies with
lower neutralising activity [23,28-30]. The variant-specific
titres were studied by pseudoneutralization test (using
lentiviruses), which allows rapid and robust analysis of
sera with larger panels of emerging variant spikes, and a
good correlation to MNT titres [44]

Ideally, if sequencing data became quickly available,
randomisation could be carried out by antibody titre
against the variant infecting each recipient. To compen-
sate for such initial lack of virus variant data, we con-
ducted an ad hoc analysis, to which end we analysed
plasma of each donor for variant-specific pNAbs and
regrouped the participants by titre of administered
plasma against their infecting variant. This ad hoc classi-
fication was decided before unblinding. Franchini et al.
[45] used a similar approach to treat immunocomprom-
ised patients hospitalised for COVID-19: they transfused
CP with a high NAb titre against the recipients’ specific
VOCs with some apparent success, but their case series
lacks a control group.

In our ad hoc analysis, participants given homologous
high-titre CP (hHCP) managed better, needing signifi-
cantly less respiratory support than those given homolo-
gous low-titre CP (hLCP) or placebo. In addition, a
smaller proportion of the hHCP patients needed cortico-
steroids, the finding not reaching statistical significance,
though. Owing to our small sample size, these groups
showed differences at baseline: other risk factors for



severe disease remained evenly distributed, but supple-
mental oxygen had been required by fewer participants
in the hHCP than the other groups. Thus, it remains
somewhat uncertain whether our findings reflect a true
benefit of hHCP.

Strengths and limitations

Our major limitation consisted in failing to reach the vol-
ume planned: our study population size remained
underpowered for reliable evaluation of anything else
but a major benefit from CP.

Reassessment of eligibility prior to intervention can
be considered either a strength or a weakness. It was
necessary because of the rapidly changing clinical condi-
tions and the possibility of patients being administered
dexamethasone (an endpoint) or even discharged in the
short period between recruitment and intervention. To
minimise the theoretical bias, a blinded physician was
given the decision to exclude whenever needed. Thanks
to this approach ten patients were not included who
either could not have been administered plasma/pla-
cebo or had already reached an endpoint prior to our
potential intervention.

While we strived to recruit patients as soon as pos-
sible after symptom onset and used a limit of 10days as
an inclusion criterion, it might be that CP needs to be
administered even sooner. We considered setting the
time limit to seven days but that would have reduced
our study population to less than half, since most
patients were not admitted that early (Table 1).

The greatest strength of our trial was its double-blind,
randomised, and controlled study design in a real-life
environment. In the constantly changing pandemic
environment, our ad hoc analyses of homologous var-
iants proved a relevant approach not previously
employed in any RCT. Grading was based on neutralis-
ing antibody titres, not only on ELISA, unlike in most
published RCTs [31]. Furthermore, our locally collected
plasma bank could be trusted to contain antibodies
against regionally circulating variants [28,42].

Yet another strength was that antivirals and immuno-
modulatory treatments did not interfere with our results,
as they were not used for immunocompetent patients in
our hospitals at the time. For safety, we screened poten-
tial donors for interferon alpha autoantibodies sug-
gested to be associated with severe COVID-19 [46].
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Conclusion

As our double-blinded randomised study remained
underpowered, its failure to show statistically significant
differences in endpoints between the randomised
groups should not be interpreted to indicate lack of effi-
cacy. In fact, our ad hoc analysis of participants
regrouped by the CP’s homologous variant antibody
titres suggested efficacy for recipients of high-homolo-
gous titre CP. Our study highlights the concept of vari-
ant-specific titres as a key factor impacting CP treatment
efficacy. Thus, we suggest similar (post-study) ad hoc
analyses for larger RCTs to see whether plasma with
high NAb titers against recipients’ virus variants would
indeed prove beneficial for moderately ill COVID-19
patients, if administered soon after hospital admission.
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