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ABSTRACT
Background: Convalescent plasma (CP) containing antibodies derived from coronavirus disease 2019 (COVID-19) survivors
has been proposed as a promising therapeutic option for severe COVID-19.
Methods: In our intensive care unit (ICU), 55 patients (46 male, median age 61 years) with PCR-confirmed COVID-19
(35¼ 63.6% on mechanical ventilation, 7¼ 14.5% on high-flow nasal oxygen, 12¼ 20% on non-invasive ventilation,
1¼ 1.8% without respiratory support) were treated with high-titre CP (200mL per dose, range 1–6 doses, median 3 doses
per patient, minimum titre > 1:100, Wantai test). 139 COVID-19 patients treated in the same ICU who did not receive CP
served as control group. In 27 patients, the effect of CP on the individual levels of SARS-CoV-2 IgG antibodies was assessed
by ELISA in serum sample pairs collected before and after CP transfusion.
Results: The first CP dose was administered at a median of 8 days after symptom onset. 13 patients in the plasma cohort
died (28-day mortality 24.1%), compared to 42 (30.2%) in the cohort who did not receive CP (p¼ 0.5, Pearson Chi-squared
test). Out of the 27 individuals investigated for the presence of IgG antibodies, 8 did not have detectable IgG levels before
the first CP transfusion. In this subpopulation, 3 patients (37.5%) died. Not a single confirmed adverse reaction to CP
was noted.
Conclusions: While adjunctive treatment with CP for severe and life-threatening COVID-19 was a very safe intervention, we
did not observe any effect on mortality.

Abbreviations: COVID-19: coronavirus disease 2019; CP: convalescent plasma; CPV: convalescent plasma volume; ECMO: extracorporeal
membrane oxygenation; FcRn: neonatal Fc receptor; HFNC: high-flow nasal cannula; ICU: intensive care unit; Ig: Immunoglobulin; OC:
overall volume patient; PC: plasma volume patient; RT-PCR: real time polymerase chain reaction; SARS-CoV-2: severe acute respiratory
syndrome coronavirus 2
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Introduction

As of early 2021, severe acute respiratory syndrome cor-
onavirus 2 (SARS-CoV-2), the pathogen responsible for
coronavirus disease 2019 (COVID-19), is continuing to
ravage societies and economies everywhere around the
globe, causing hundreds of thousands of prema-
ture deaths.

In contrast to astonishing achievements as far as test-
ing strategies [1] and vaccinations [2–4] are concerned,
for the significant minority of patients who develop
severe or critical illness [5,6], a safe and effective treat-
ment is still desperately needed.

As anti-SARS-CoV-2 antibodies have been proposed
as supportive factors both in protecting patients from
running a severe disease course in COVID-29 and from
re-infection [7], human convalescent plasma (CP) col-
lected from donors who have recovered from COVID-19
has been proposed as a potential therapeutic option.

One of the most prominent examples of CP adminis-
tration was in outbreaks of Ebola viral disease (EVD),
mostly in nonrandomized, comparative studies [8,9], fail-
ing to show a consistently positive effect. Some authors
have even claimed that antibody dependent enhance-
ment of EVD may contribute to its dire prognosis [10].
However, these findings for a highly virulent pathogen
with exorbitantly high viremic levels cannot necessarily
be extrapolated for a respiratory disease.

While in COVID-19 RNA viremia is not frequently
encountered, it is associated with a worse prognosis
[11]. According to a systematic review and meta-analysis,
several publications have indicated that treatment with
convalescent plasma may confer a mortality benefit in
respiratory virus infections [12].

In a previous pandemic, the H1N1 influenza outbreak
in 2009, a prospective cohort study showed that CP
reduced viral loads, cytokine release and mortality [13].

Moreover, in a study performed in Hongkong in 2003
[14], patients with severe acute respiratory syndrome
(SARS) who deteriorated despite high dose methylpred-
nisolone and ribavirin treatment and received CP as a
salvage therapy had a higher hospital discharge rate at
day 22.

The results of clinical studies investigating the effect
of CP transfusion on the outcome of moderate or severe
and life-threatening COVID-19 have been rather heter-
ogenous and sometimes difficult to interpret [15–24].

In our highly specialized department of infectious dis-
eases, we have been studying several antiviral treatment
alternatives in clinical studies during the COVID-19

pandemic outbreak. Herein, we describe the characteris-
tics and outcomes of the 55 first COVID-19 patients
treated in our department with convalescent plasma.

Material and methods

In this single-centre study, we administered convalescent
plasma to 55 consecutive patients with PCR-confirmed
COVID-19 who were treated in our intensive care unit in
an open-label approach on a named patient basis.
Additionally, all participants received standard-of-care
treatment according to the best available evidence at
any given time point.

CP had been collected at the Blood Centre for
Vienna, Lower Austria and Burgenland of the Red Cross
from voluntary donors at least 3weeks after their recov-
ery from COVID-19. Apheresis or whole blood plasma
units from 2 to 5 individual donors were pooled and
psoralen-UV-A treated.

Convalescent plasma was standardized for antibody
concentrations by testing and pooling to reach virus
neutralization test values of >1:320 in the end product.
Donors were screened with neutralization test or a sub-
stitute (Euroimmun IgG ELISA or Wantai in dilution series
in concordance with the package insert).

One CP dose consisted of 200mL of convalescent
plasma, given over 30min. Although administration of
three doses on three consecutive days was defined as
standard treatment, the treating physicians could indi-
vidually make adaptations.

The decision to treat a patient with CP was at the dis-
cretion of the treating physicians’ team after obtaining
informed consent from the patient. Criteria for selection
for CP treatment included a preferably short delay
between symptom onset and ICU admission (and there-
fore, CP administration) and the absence of a do-not-
resuscitate or do-not-intubate order or other circumstan-
ces preventing maximum intensive care or a curative
aim. In the light of new evidence casting doubt on the
benefit associated with CP transfusion, only one more
patient with chronic lymphatic leukaemia and consecu-
tive global immunoglobulin deficiency was treated with
CP after November 2020.

CP was delivered as a frozen blood product and
transfused according to international guidelines.

The primary clinical endpoint of this study was 28-
day mortality. Secondary endpoints were conversion to
a negative SARS-CoV-2 PCR at 72 h post-transfusion of
the last dose of convalescent plasma and a change in
the level of respiratory support and in the general
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clinical status rated by the 10 point WHO ordinal symp-
tom score (https://www.who.int/docs/defaultsource/
documents/emergencies/minimalcoreoutcomemeas-
ure.pdf).

The patients had been enrolled in the Austrian
CoronaVirus Adaptive Clinical trial ACOVACT
(clinicaltrials.gov).

This study was performed in accordance with the
Declaration of Helsinki, and the retrospective analysis of
clinical data was approval by the Ethics Committee of
the City of Vienna (EK 20-079).

To assess the level of anti-SARS-CoV-2 IgG antibodies
immediately before and 30min after transfusion of CP,
the SARS-CoV-2 IgG ELISA (Euroimmun, L€ubeck,
Germany) was used, which has been shown to offer
100% sensitivity by the 11th day of illness and 98% spe-
cificity [25]. For an accurate quantification, serum sam-
ples were tested in serial dilutions of twofold steps
starting at 1:5–1:1280 using dilution buffer, instead of
diluting samples 1:101 as described in the pack-
age insert.

In a previous study, we demonstrated that dilution
titres assessed with this ELISA strongly correlated with
titres of neutralizing antibodies [26].

In a subgroup of 27 patients, the titre was measured
with Euroimmun IgG Elisa in dilution series before and
after each convalescent plasma transfusion.

To prove the concept of distribution and testing
SARS-CoV-2 antibodies after transfusion of convalescent
plasma a model for the calculation of SARS-CoV-2 anti-
body increment in vivo was established. On the basis of
data from intravenous immunoglobulin G several
assumptions were made [27,28]. A rapid IgG extravasa-
tion process was expected, driven by: 1. convective
transport into the lymphatic system, 2. transcytosis
through vascular epithelial cells (pinocytosis) and 3. pas-
sive diffusion (least relevant because of molecule size).
The central compartment/plasma volume was calculated
with a normal (fictive) haematocrit of 40% and the ideal
body weight. The overall volume of distribution has
been described in the literature with a range of 6–20 L
[29]. To calculate the overall compartment in this model
the plasma volume was multiplied by 2.5. A steady state
with a 0.1 ratio of extravascular compartment to intra-
vascular compartment concentration was assumed at
least 12 h after transfusion. This is explained by a flow of
anti-SARS-CoV-2 antibodies (and other IgG) from the
lymphatic system back to the venous system and an
FcRn-receptor -mediated transport to the intravascular
space. The following formulae were used: Plasma

volume patient (PV) in mL¼ ideal BW �
0.07� 0.6� 1000 (70mL blood per kg BW); overall com-
partment patient in mL (OC) ¼ PV � 2.5; increase of
titre after 30min¼CPV� titreCPV/OC
(CPV¼ convalescent plasma volume); increase of titre
after 24 h ¼ (CPV� titreCP) �0.9/PV. To predict the titre
after transfusion, the calculated increase was added to
the measured titre of the patient. This model is suitable
for patients before seroconversion. After seroconversion
the autologously produced antibodies of the patient
cannot be distinguished anymore from the trans-
fused antibodies.

Statistical analyses

Descriptive statistics of variables of interest were com-
puted and are presented as absolute and relative fre-
quencies for categorical and mean, median, inter-
quartile range, minimum, maximum and standard devi-
ation for continuous variables. The primary endpoint
was 28-day mortality, and the primary objective was to
investigate the effect of CP on this endpoint. To assess
the primary objective, a Chi-Square Test using a signifi-
cance level of 0.05 was used. Further exploratory analy-
ses were conducted to investigate the influence of CP
on other exploratory endpoints such as time on mech-
anical ventilation and duration of stay in the ICU.
Statistical methods used for these analyses are described
alongside the results in the following section. For
exploratory analyses, p-values <.05 were considered
statistically significant, however as these p-values serve
only descriptive purposes, no multiplicity correction was
required. Statistical analyses were conducted using R
3.6.3 (R Core Team (2020). R: A language and environ-
ment for statistical computing. R Foundation for
Statistical Computing, Vienna, Austria. URL https://www.
R-project.org/.).

Results

Study cohort and control cohort

The cohort of patients who received CP consisted of 46
men (83.6%) and 9 women (16.4%) with a median age
of 61 years (range 25–86, IQR 15 years).

Thus, it was well matched with the control cohort
consisting of 142 patients (101 men, 71.1%, median age
63 years, range 20–87, IQR 20.2 years) who were not
treated with CP.

Comorbidities in the CP vs. the no CP cohort included
hypertension (33¼ 60% vs. 90¼ 60.3%), obesity, defined
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as body mass index > 30 (31¼ 56.4% vs. 58¼ 41.1%),
diabetes (17¼ 30.9% vs. 49¼ 34.5%), coronary artery dis-
ease (9¼ 16.4% vs. 31¼ 21.8%), chronic heart failure (0
vs. 3¼ 2.4%), chronic renal failure (4¼ 7.3% vs.
12¼ 8.5%), immunosuppression (2¼ 3.6% vs. 12¼ 8.5%),
COPD (3¼ 5.4% vs. 18¼ 12.7%), asthma (1¼ 1.8% vs.
7¼ 4.9%), current active smoking (1¼ 2% vs.
13¼ 10.7%), active cancer (3¼ 5.4% vs. 4¼ 2.9%), active
lymphoma (0 vs. 1¼ 0.8%), chronic lymphatic leukaemia
(1¼ 1.8% vs. 3¼ 2.1%).

All patients in the CP cohort received optimal sup-
portive care, immunomodulation (prednisolone with or
without tocilizumab or dexamethasone) and most of
them also other antiviral therapies including remdesivir
(38¼ 70.4%), hydroxychloroquine (1¼ 1.8%), lopinavir/
ritonavir (8¼ 14.8%) or camostat (3¼ 5.4%).

At the time of administration of the first CP dose, 35
patients (63.6%) were mechanically ventilated, while 7
patients (12.7%) were on high-flow nasal oxygen, 12
(21.8%) on non-invasive ventilation and one patient
(1.8%) did not receive any respiratory support. In com-
parison, in the control group of 139 patients, one day
after admission to the ICU (which was the median time
of administration of CP in the intervention group) 37
(26.6%) were on invasive mechanical ventilation, 55
(40%) on non-invasive ventilation, 35 (25.2%) on high-
flow nasal oxygen, and 12 (8.6%) patients on low-
flow oxygen.

Administration of CP

Three patients (5.5%) received only one dose of CP –

one patient because of premature death, one because
any further intervention was deemed futile due
to advanced age, unresponsive hypoxaemia and a

do-not-intubate-order, and one patient because of meta-
bolic acidosis, tachycardia and hyperthermia hours after
CP transfusion. Later, the treating physicians deemed
this adverse reaction unrelated to CP but rather caused
by sevoflurane as an inhalational add-on anaesthetic
introduced just half an hour before the onset of clinical
deterioration.

Two patients (3.6%) received two doses and forty-
nine patients (89.1%) a total of three doses on three
consecutive days, according to our standard protocol.
One patient (1.8%) was treated with a prolonged course
of CP consisting of six doses due to end-stage liver cir-
rhosis resulting in absolute paucity of immunoglobulins
and extremely high viral loads (>1010 copies/mL) in
nasopharyngeal swabs and tracheal secretions.

CP was administered at a mean of 8 (IQR 5) days after
symptom onset and at a mean of 1 (IQR 1) day after
admission to the intensive care unit.

Antibody kinetics

For 27 patients, quantitative measurements of anti-
SARS-CoV-2 IgG antibodies before and after CP transfu-
sion were performed. 8 of these patients had not yet
seroconverted, while 19 patients already had measurable
IgG before receiving the first CP dose. Median time from
symptom onset to seroconversion was 9 days. The meas-
ured titres of these 27 patients are shown in comparison
to the calculated titres to prove the concept of transfer-
ring SARS-CoV-2 specific antibodies through convales-
cent plasma transfusion (Figures 1 and 2).

Furthermore, for 1 exemplary individual the calculated
vs. measured antibody titres are shown in Figure 3.

The comparison between measured and calculated
titres and their overlap proves the concept of passively

Figure 1. Euroimmun IgG ELISA titres of patients 2–28.
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transferring antibodies from donors to patients and their
intravascular circulation. Despite the wide range (0.5–0.9
ratio extravascular/intravascular compartment) of anti-
body distribution in vivo described in the literature the
assumption that 90% of transfused SARS-CoV-2 antibod-
ies can be found intravascularly was shown with the

titre prediction model and antibody testing for patients
before seroconversion. After seroconversion the autolo-
gous antibodies overlap transfused antibodies in ELISA
testing, especially in dilutions above 1:160. The limita-
tion is that we cannot predict how much specific anti-
bodies reach the infected (target) tissue of the patients.

Figure 2. Differences of calculated and measured titre values.

Figure 3. Measured vs. calculated antibody titres in patient 24.
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Outcome

The primary endpoint of this study was mortality at day
28 after ICU admission. 13 patients in the plasma cohort
died (28-day mortality 24.1%), compared to 49 (30.2%)
out of 139 patients in the cohort who did not receive
CP and for whom this endpoint was available at the
time of writing of this manuscript. This difference did
not reach statistical significance (p¼ .50). The Kaplan
Meier plot for survival probability is shown in Figure 4.

Patients on mechanical ventilation had the highest
probability of death: 9 out of 35 patients (25.7%) with
CP therapy vs. 29 out of 64 (45.3%) patients without
plasma transfusion.

However, this observation has to be interpreted with
caution because this subgroup of patients without
plasma transfusion included, among others, 2 individuals
admitted to the ICU under cardiopulmonary resuscita-
tion, one who died minutes after intubation due to
unknown reasons and 2 with a very long delay between
the onset of COVID-19 symptoms and ICU admission
who died because of ischaemic strokes. Owing to this
selection bias, we did not deem it appropriate to calcu-
late a p-value for this comparison.

Moreover, in our cohort, observed time on mechan-
ical ventilation was longer for patients with CP therapy
(median 17 days, range 3–29, IQR 9 days) vs. without CP
therapy (median 14 days, range 1–67, IQR 9.5 days)
(p¼ .368, Wilcoxon test) (Figure 5).

6 of the 55 patients (10.9%) who had received CP
therapy went on to require extracorporeal membrane
oxygenation (ECMO), compared to 6 of 139 patients
(4.3%) without CP treatment.

As a secondary endpoint, we evaluated clinical status
on the WHO 10-point ordinal symptom scale 6 days after
the last CP transfusion. 16 (29.1%) patients showed the
same clinical status 6 days after the last CP transfusion,
26 (47.3%) worsened, and 13 (23.6%) improved.

Moreover, we did not observe a clear trend towards
viral clearance in the upper respiratory tract 3 days after
the last CP transfusion: there was no SARS-CoV-2 PCR
conversion (from positive to negative or to < 500 cop-
ies/mL) in 41 (85.4%) patients, while in 7 patients
(14.6%) PCR turned negative, and for 7 patients (12.3%)
this data was missing.

Finally, we observed a longer length of stay in the
ICU for patients in the CP (median 18.5, range 4–110,
IQR 20.2 days) vs. the no CP (median 9, range 1–119, IQR
15.2 days) cohort (p< .01, Wilcoxon Test).

The same held true for total time spent in our hos-
pital in the CP (median 31, range 8–67, IQR 22.5 days)
vs. the no CP cohort (median 19, range 1–99, IQR
14.5 days) (p¼ .065, Wilcoxon test).

In the subpopulation of patients without prior sero-
conversion for whom this analysis was available, 3
(37.5%) out of 8 died, compared to 3 (15%) out of 19
patients who already had seroconverted before the first
CP administration.

Discussion

Since we admitted our first patient with COVID-19 to
our ICU on the 27th of February 2020 [30], our experi-
ence with handling this complex disease has been
steadily increasing.

Figure 4. Kaplan Meier plot of the overall survival probability with and without plasma therapy.
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However, like the rest of the world, we are still des-
perately waiting for an effective and safe treatment for
severe and life-threatening cases of COVID-19.

The severity of clinical illness is still not well predict-
able in spite of the identification of several risk factors
for an unfavourable prognosis, such as advanced age
[31],but may be positively influenced by optimal antiviral
and supportive therapeutic approaches.

Although the antiviral agent remdesivir has shown
some promising early results [32], it has so far failed to
yield a consistent proof of mortality reduction [33]. On
the other hand, the benefits of corticosteroids can be
substantial in the phase of massive inflammatory
response [34]. One study demonstrated that dexametha-
sone lowers case fatality rates in patients in need of sup-
plemental oxygen or higher respiratory support [35]. As
it has been postulated that corticosteroids may delay
viral clearance [36], adding a directly acting antiviral
compound seems a biologically plausible approach.

While there have been early promising reports of
favourable clinical outcomes in patients with life-threat-
ening COVID-19 treated with CP [15,16], the small sam-
ple sizes do not allow any reliable conclusion as far as
efficacy is concerned.

As was elegantly put forward in an editorial [37], it
may be challenging to perform randomized clinical trials
in the midst of a pandemic, aggravating some treating
physicians’ fears of depriving patients of a potentially
life-saving therapy. But it is still the only way to deliver
meaningful clinical research. However, the sum of

observational data can also contribute to finding means
to improve the clinical outcome in this devastating most
severe form of COVID-19.

The study of convalescent plasma is no exception to
this rule, and CP may even be more seductive both to
doctors and to patients as the idea of transferring
‘healing properties’ from a survivor to an acutely ill
patient seems particularly appealing.

In our small cohort, where the majority of patients
also received other antiviral and immunomodulatory
(100% of patients) substances, CP turned out to be a
very safe treatment.

Due to the small sample size, a clear survival benefit
cannot be deduced from our data. 13 out of 55 patients
(23.6%) treated with CP who had reached the primary
endpoint died, which roughly corresponds to the overall
mortality in our entire ICU cohort (56 out of 194 patients
¼ 28.9%), or 42 out of 139 (30.2%) patients who did not
receive CP.

Although we observed a signal towards decreased
28-day mortality in patients on mechanical ventilation
with CP therapy versus patients without (25.7 vs. 45.3%),
these numbers may simply reflect the fact that CP ther-
apy was at our institution preferably given to patients
deemed to have a good chance of survival. This fact
might also serve as an explanation for the significantly
longer length of ICU stay of patients receiving CP
(median 21 vs. 8 days), because the full spectrum of
intensive care medicine might have been judged as jus-
tified by the team of treating physicians for a longer

Figure 5. Time on mechanical ventilation with plasma therapy vs. without plasma therapy.
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timer period in patients with better initial health condi-
tions. The same reasoning may hold true for the fact
that more patients after CP therapy than without went
on to receive ECMO therapy (10.9 vs. 4.3%).

In a small study performed in China [17], all 6
patients tested negative for SARS-CoV-2 at 72 h after
receiving CP which was administered after a median of
21.5 days after the first positive PCR. Contrary to this
cohort the majority of our patients did not show
enhanced viral clearance from upper or lower respiratory
tract specimens after 3 days (administered after a
median of 8 days after symptom onset). However, the
clinical outcome in our study was more favourable, with
an overall mortality of 23.6% as opposed to 83% (5/6
patients) in the Chinese cohort.

Possible reasons for the lower mortality in our cohort
may be optimal intensive care, including high-dose
prophylactic anticoagulation, a late intubation strategy
making use of awake proning and the use of immuno-
modulatory agents (dexamethasone or prednisolone or
tocilizumab plus prednisolone) in all patients.

As mentioned above, in our cohort, convalescent
plasma was used earlier than in the Chinese study, in
which it was administered at a mean of 21.5 days after
first detection of viral shedding. As with most other anti-
microbial treatment strategies, administering the right
dose to the right patient at the right time point – pref-
erably as early as possible – is key to success. In a study
published on a pre-print server involving more than
35,000 patients [18], a statistically significant trend
towards improved survival was demonstrated if CP was
transfused within 3 days after diagnosis of COVID-19 ver-
sus 4 days or later. It is therefore not surprising that in
one of the first published randomized clinical trials pub-
lished [19], no mortality benefit could be detected, as
patients were randomized to CP at a median of 30 days
after symptom onset.

In a randomized, double-blind, placebo-controlled
trial performed in Argentina the early (within 72 h after
symptom onset) administration of CP to patients
75 years or older or between 65 and 74 years old with at
least one pre-existing medical condition resulted in a
statistically significant relative risk reduction of 48% for
severe respiratory disease [20]. The study had to be ter-
minated prematurely because of a marked decline in
COVID-19 cases, making the enrolment of further
patients virtually impossible.

Consequently, age might be another factor influenc-
ing the degree of benefit derived from CP therapy.
While there was a trend towards improved outcomes in

elderly patients (65 years or older), otherwise no benefit
regarding mortality or hospital discharge could be
observed for patients treated with CP in a matched
cohort study [21].

Similarly, a double-blind Argentinian trial in which
patients were randomized in a 2:1 ratio to CP or placebo
failed to show any benefit in mortality or clinical status
at day 30 for hospitalized patients [22]. The median time
from onset of clinical symptoms to enrolment was
8 days, which may have been too late to produce a posi-
tive effect on survival.

In a large Indian trial randomizing 235 patients to
plasma transfusion plus standard of care treatment
(intervention arm) and 229 to standard of care only, a
trend towards resolution of shortness of breath and
fatigue was noted at day 7 in the intervention arm, but
the primary composite endpoint consisting in progres-
sion to severe disease and all-cause mortality at day 28
post-enrolment was not met [23].

Recent studies with monoclonal antibodies [38–40]
contribute to the growing body of evidence that early
passive antibody transfer conveys a meaningful benefit
in COVID-19 treatment.

Moreover, not only the timing for CP administration
seems to play a critical role, but also the quantity of
antibodies transfused. This concept is not only biologic-
ally plausible, but can be inferred from a large retro-
spective U.S. registry-based analysis on passive antibody
transfer in more than 3,000 hospitalized COVID-19
patients: Mortality was highest in the low-titre group
and lowest in the high-titre group [41].

In our cohort, plasma transfusions were more strin-
gently standardized and did not display a pronounced
range in antibody titres. What is singular about our
study is that most patients (52/55, 94.5%) received more
than one unit of convalescent plasma, thus markedly
raising the cumulative dose. However, it is uncertain if a
larger total dose of convalescent plasma can display a
markedly more potent antiviral effect.

Generally speaking, several limitations to the applic-
ability and feasibility of treatment of COVID-19 with con-
valescent plasma need to be addressed: First, CP is not
an unlimited resource, and is, secondly, associated with
possible side effects such as the transmission of infec-
tious diseases, transfusion-related lung injury, volume
overload, and, most importantly, allergic reactions [24].
However, in our department, treatment with CP turned
out to be a very safe procedure, with only one possible,
albeit rather unlikely, adverse event reported in
55 patients.
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Unfortunately, it is still unclear how important the
humoral response of the innate immune system is in
natural infection with COVID-19. Some authors have
pointed out that the T cell response may have the lead-
ing role in clearing infection [42]. Although passive anti-
body transfer may accelerate viral clearance, it is not
capable of reversing the lung damage caused by an
abundant immune response in severe COVID-19
cases [43].

The major limitation of this study is its small sample
size, making it underpowered to show a significant dif-
ference between the groups.

Moreover, it was not performed according to the
gold standard of clinical research, which is a placebo-
controlled, randomized controlled design. Also, CP was
an add-on treatment administered in an open-label fash-
ion, and thus it is impossible to differentiate the effect
of CP from the protective effect of the antiviral and
immunomodulatory drugs administered.

Further, the cohorts differed as far as respiratory sup-
port was concerned, with more patients on mechanical
ventilation in the group treated with convalescent
plasma; thus, a small effect on survival with CP treat-
ment in this more severely ill patient cohort cannot be
definitely excluded.

In conclusion, treatment of severe COVID-19 with
human convalescent plasma is a very safe procedure
and should be administered with the highest possible
antibody titre and at the earliest possible time point.
However, our study supports the evolving view that con-
valescent plasma may be an unsuitable treatment
option for COVID-19 patients late in their disease course,
as we did not observe any effect on mortality.
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