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ABSTRACT

Introduction: Plasma harvested from convales-
cent COVID-19 patients (CCP) has been applied
as first-line therapy in the early phase of the
SARS-CoV2 pandemic through clinical studies
using various protocols.
Methods: We present data from a cohort of 267
hospitalized severe COVID-19 patients who

received CCP. No transfusion-related complica-
tions were reported, indicating the overall
safety of CCP therapy.
Results: Patients who eventually died from
COVID-19 received CCP significantly later (3.95
versus 5.22 days after hospital admission) and
had higher interleukin 6 (IL-6) levels (28.9 pg/
ml versus 102.5 pg/ml) than those who sur-
vived. In addition, CCP transfusion caused a
significant reduction in the overall
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Szentágothai Research Center, National Laboratory
of Virology, Univesity of Pécs, Pécs 7622, Hungary
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inflammatory status of the patients regardless of
the severity of disease or outcome, as evidenced
by decreasing C-reactive protein, IL6 and fer-
ritin levels.
Conclusion: We conclude that CCP transfusion
is a safe and effective supplementary treatment
modality for hospitalized COVID-19 patients
characterized by better expected outcome if
applied as early as possible. We also observed
that IL-6 may be a suitable laboratory parameter
for patient selection and monitoring of CCP
therapy effectiveness.

Keywords: Convalescent plasma; COVID-19;
Interleukin-6; SARS2-CoV

Key Summary Points

Why carry out this study?

Plasma harvested from convalescent
COVID-19 patients (CCP) has been
applied as first-line therapy in the early
phase of the SARS-CoV2 pandemic
through clinical studies using various
protocols. We present data from a cohort
of 267 hospitalized severe COVID-19
patients who received CCP. Our
hypothesis was that the clinical outcome
will improve in those patients who receive
convalescent plasma within 3 days of
hospital stay

What was learned from the study?

No transfusion-related complications were
reported, indicating the overall safety of
CCP therapy. Patients who eventually
died from COVID-19 received CCP
significantly later (3.95 versus 5.22 days
after hospital admission) and had higher
interleukin 6 (IL-6) levels (28.9 pg/ml
versus 102.5 pg/ml) than those who
survived. C-reactive protein (CRP) levels
significantly decreased only 1 day after
CCP transfusion (pre-transfusion
111.5 ± 73.45; post-transfusion:
86.25 ± 65.5; P = 0.0008)

In addition, CCP transfusion caused a
significant reduction in the overall
inflammatory status of the patients
regardless of the severity of disease or
outcome, as evidenced by decreasing
C-reactive protein, IL6 and ferritin levels.
We conclude that CCP transfusion is a
safe and effective supplementary
treatment modality for hospitalized
COVID-19 patients characterized by better
expected outcome if applied as early as
possible. We also observed that IL-6 may
be a suitable laboratory parameter for
patient selection and monitoring of CCP
therapy effectiveness
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INTRODUCTION

Severe acute respiratory syndrome caused by the
novel coronavirus SARS-CoV2 has been
responsible for an unprecedented world pan-
demic starting in Wuhan, China, in January
2020. This represented an extraordinary chal-
lenge for the health care systems and entire
societies of the developed countries [1, 2]
including Hungary [3]. SARS-CoV2-induced
COVID-19 disease is characterized by acute viral
pneumonia associated with progressive respira-
tory insufficiency, requiring oxygen supple-
mentation in about 15% and mechanical
ventilation in 5% of the cases with reported
overall mortality rates of 2.3% [4, 5]. Since
SARS-CoV2 is a new human pathogen, initially
neither vaccines nor effective therapeutic
modalities were available. With several earlier
attempts of antiviral passive immunotherapy,
COVID-19 convalescent plasma (CCP) therapy
has quickly become a readily available and
promising therapeutic modality against severe
COVID-19 [6, 7]. Given the large amount of
clinical experience with allogeneic plasma
transfusions and the relative lack of potential
side effects, regulatory agencies have quickly
granted permissions for several parallel clinical
trials with CCP [8–10]. After CCP transfusion,
virus neutralization antibodies represent the
most important mode of action but moderating
the unnecessarily severe immune reaction by
several soluble factors has also been proposed
[11–13].

Apart from the multitude of case studies,
initial reports of CCP clinical studies on sizeable
cohorts have not been able to demonstrate sig-
nificant improvements in mortality rates
[14–17]. In contrast, in subsequent studies,
mortality benefits were documented among
unselected severe COVID-19 patients after CCP
transfusions in the USA [18–21], China [22, 23],
India [24] and Europe [25, 26] and among
selected patients based on risk factors [27, 28].
In addition, a potential benefit was also
observed in a meta-analysis [29]. Development
of severe COVID-19-associated respiratory dis-
ease was significantly less frequent after CCP
transfusion administered within 72 h of onset

of mild COVID-19 infection compared to a
randomized control group [30]. In an early
meta-analysis, low to moderate evidence indi-
cated a lacking benefit [31]; a later systematic
compilation covering [ 35,000 CCP-treated
cases indicated a significantly reduced odds
ratio for all-cause mortality associated with CCP
transfusion [29]. Thus, outcome observations
after CCP therapies are controversial because of
the difficulties to form and analyze homoge-
neous patient cohorts and control groups, the
diverse availability of other therapeutic modal-
ities and the substantial differences in local
clinical practices. Most studies aimed at reduc-
ing mortality rates; however, this required
many recruited patients and homogeneous
treatment groups, which was seldom the case.
However, quantitative laboratory parameters
may serve as secondary endpoints and provide
information on individual patients and also on
potential patient selection criteria for future
studies. Our earlier experience with blood
plasma-based therapies has also provided evi-
dence that measuring cytokine levels may be
informative in monitoring the effectiveness of
blood-based therapies [13, 32]. Thus, the aim of
the current study was to analyze the outcome
and immunology parameters after CCP trans-
fusions in severe COVID-19 patients.

METHODS

Study Description

The trial was designed in accordance with WHO
(2015 WHO/HIS/KER/GHE/15.1) as an open-la-
bel, prospective interventional study and
approved by the Hungarian National Medical
Research Council (approval number: IV/3457/2-
2020-EKU) and registered in ClinicalTrials.gov
(NCT04345679). Due to ethical concerns of
leaving any patient untreated or placebo-treated
(e.g., non-convalescent fresh frozen plasma), no
control arm was included. The primary clinical
endpoint was patient survival; secondary end-
points were the time of convalescent plasma
administration (days from hospital admission),
duration of hospital stay (days), mortality rate
(% of patients), hematological laboratory
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parameter WBC and inflammatory markers
such as ferritin, C-reactive protein (CRP) and
interleukin-6 (IL-6).

Plasma Donation

Plasma was collected from healthy voluntary
convalescent donors of both sexes aged 18–-
65 years, with confirmed previous SARS-CoV2
infection. A positive result of either SARS-CoV2
PCR or antigen screening test at the time of
plasma donation was a reason for exclusion.
Donors were required to meet all eligibility
requirements valid for regular blood donors. An
inclusion criterion was a positive IgG antibody
level ([24 U/ml) against SARS-CoV2 nucleo-
capsid protein (measured by Microgen semi-
quantitative ELISA assays). The mean value of
the nucleocapsid IgG levels from our first 444
donors is 72.743 ± 36.59 U/ml. Although the
range is quite wide, most therapeutically
applied plasma units were in a medium strength
range and only a few had extremely high anti-
body levels. To decrease the risks of transfusion-
related acute lung injury (TRALI), all female
donors were screened for anti-HLA antibodies,
and positive donors were excluded from plasma
donation. Altogether 400 ml of convalescent
plasma was collected from donors through an
automated plasma apheresis separator. The
Hungarian National Blood Service divided the
400 ml plasma into two therapeutic doses of
200 ml. Plasma products underwent pathogen
reduction and irradiation. The processed plasma
was stored at - 20 �C until used. ABO compat-
ibility was strictly observed throughout the
study.

Recipients

Convalescent plasma recipients were hospital-
ized patients of both sexes and ages admitted to a
university hospital COVID ward between April
2020 and February 2021 and who were suit-
able for receiving plasma judged by their
attending physicians. At the start of the current
study no clear guidelines were available for CCP
prescription, so the clinical decision was based
on the two preliminary reports from China

where CCP therapy was applied in the early phase
of the pandemic [1, 4]. Since these studies
involved patients of severe COVID with exten-
sive need for breathing support, CCP was applied
in patients with later-stage disease without any
strictly defined criteria—as was the standard of
care elsewhere at the time [29]. Indeed, the main
goal of the current study was to define the pre-
scription guideline for attending clinicians to
optimize the use of this therapeutic option in a
Central European population.

Laboratory Measurements

Laboratory hematological parameters were
measured with clinical hematology analyzers.
Ferritin and C-reactive protein levels were mea-
sured before and on days 1 and 7 after plasma
transfusion. White blood cell count was deter-
mined before and on days 1 and 2 after plasma
transfusion. Levels of the proinflammatory
cytokine interleukin-6 (IL-6) were measured
before and on days 1 and 7 with electrochemi-
luminescence immunoassay (ECLIA).

Simple Plex Cytokine Assay

IL-1 beta, IL-6, IL-8 and TNF alpha concentra-
tions were analyzed in plasma from 21 selected
COVID-19 patients with Simple Plex assays run
on the EllaTM automated immunoassay analyzer
(ProteinSimple, San Jose, CA). Diluted (1:2)
plasma samples together with buffer were loa-
ded into the ELLA cartridge and measured
according to the manufacturer’s instruction.
Patients selected for Simple Plex Cytokine
measurements were a representative subset of
the study population (ICU patients, n = 6, mean
WHO ordinal severity scale 6.833 ± 0.1667),
COVID ward patients (n = 15, mean WHO
ordinal severity scale 3.533 ± 0.133).

Statistical Analysis

Data were analyzed with the two-tailed Mann-
Whitney test and Fisher’s exact test using
GraphPad Prism software. P\ 0.05 was consid-
ered significant.
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Table 1 (A) Baseline characteristics of COVID-19 positive patients selected for CCP therapy. (B) WHO ordinal severity
scale in the COVID ward and ICU

All patients (n =
267)

COVID ward (n =
202)

ICU (n =
65)

p (< 0.05
significant)

(A)

Age (years, median) 67 69 63 0.0103

Sex, n (%) Female 40% Female 45% Female

26%

0.0089

Male 60% Male 55% Male 74%

Hospitalization time (days, median) 15 14 17 0.0202

Time until CCP therapy (days, median) 3 3 3 0.8087, ns

Hypertension, n (%) 63.5% 49.5% 49% 0.2959, ns

Diabetes, n (%) 25.5% 22.3% 12% 0.1833, ns

Cancer active, n (%) 11.5% 10.4% 5.3% 0.3014, ns

Other chronic illness 21.2% 10.5% 6.1% 0.4626, ns

No chronic illness 9.1% 7.4% 6.1% 1, ns

Not known (no documentation about

chronic illness)

22.1% 19% 29% –

Recovered, n (%) 68.5% 77.7% 40% p\ 0.0001

Deceased, n (%) 31.5% 22.3% 60%

WBC (G/l), mean (day 1) 9.8 8.7 13.4 0.0010

Ferritin (ng/ml), mean (day 1) 1296 1026 2121 0.0003

CRP (mg/l), mean (day 1) 111.5 103.7 136.6 0.0090

IL-6 (pg/ml), mean (day 1) 77.5 82.68 34.06 0.1452, ns

WHO ordinal severity scale 4.58 3.87 6.66 p\ 0.0001

WHO ordinal severity scale

0 1 2 3 4 5 6 7 8

(B)

COVID ward (number of patients) 27 174 1

ICU (number of patients) 22 43

Patients’ parameters have been calculated for the whole group (n = 267) and for COVID ward and ICU patients. Data
were analyzed with Fisher’s exact test
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Statement of Ethics Compliance

The study was conducted according to the
guidelines of the Declaration of Helsinki and
approved by the Hungarian National Ethics
Committee (protocol code 1943-6/2020/EÜIG
and date of approval: 2020.04.15). Informed
consent was obtained from all subjects involved
in the study.

RESULTS

Patient Characteristics

The key characteristics and laboratory findings
of 267 patients can be found in Table 1. Data
distribution was spread on a wide scale,
demonstrated in histograms in Fig. 1. The
median patient age was 67 years, with a median
hospitalization time of 15 days. Over 90% of
patients had serious comorbidities and had

markedly elevated inflammatory parameters
before CCP treatment (Table 1). Seventy-six
percent of patients were admitted to the COVID
ward (CW) and 24% to the ICU.

After comparing patients from CW and ICU
a statistical relationship among age, sex, hospi-
talization time, mortality, WBC, ferritin and
CRP level was found. The median age of
patients admitted to the ICU was lower
(63 years) than that of CW patients (69 years),
and 74% of ICU patients were male. As expec-
ted, WBC, ferritin and CRP levels on the day of
admission were significantly higher in the ICU
patient group. Also, ICU patients had longer
hospitalization time but the median number of
days to CCP therapy was the same in both
groups. No significant association with CW/ICU
admission and the time until CCP therapy,
chronic illness and IL-6 level was observed.
Since the decision on whether a patient is
treated at the ICU was based on multiple factors
partly unrelated to their COVID-19 status, e.g.,

Fig. 1 Histograms presenting the distribution of age,
hospitalization time, time before CCP and levels of WBC,
ferritin, CRP and IL-6 on day 1. The total number of
patients analyzed was 267; however, when laboratory tests
were not performed on a given day, data were excluded.

Documentation about WBC level was available for
n = 158 patients, about ferritin for n = 126 patients,
about CRP for n = 187 patients and about IL-6 for
n = 104 patients. Nonetheless, all statistical comparisons
were adequately powered

Table 2 WHO ordinal severity scale of the study participants

< 3 days to CCP transfusion > 3 days to CCP transfusion P (< 0.005) significant

WHO ordinal severity scale 4.529 ± 1.247 4.534 ± 1.252 ns (P = 0.452)

Data are presented as means ± SD
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comorbidities or place availability, and there
was no difference in the treatment regimens
regarding plasma therapy or the inflammatory
parameters between the CW and the ICU sub-
groups, the subsequent analyses are presented
as a single group of patients.

There was no significant difference between
the two groups, i.e., those who received plasma
before 3 days were at the same average severity
of COVID disease as those who received plasma
at a later time point (Table 2).

Administration of CCP to COVID Patients

CCP transfusion was safe with no transfusion-
related adverse events reported in the entire
study. CRP levels significantly decreased only 1
day after CCP transfusion (pre-transfusion
111.5 ± 73.45; post-transfusion: 86.2
5 ± 65.5; P = 0.0008). To identify the best time
point when CCP should be administered, the
hospitalization time before CCP therapy was
compared between the deceased and recovered
patients (Fig. 2). Frequency distribution analysis
revealed that CCP therapy was applied earlier in
patients who eventually recovered than in those
who died, with a significant difference
(P = 0.0133) between the time of CCP therapy
between the survivors (395 days) and deceased
patients (522 days) (Fig. 2). Based on this
observation, we regrouped the patients to those
who received CCP up to 3 days after hospital-
ization and compared their survival rate to
those that received CCP at day 4 or later time

points in their respective treatment regimes.
Indeed, the mortality rate was significantly
lower (P = 0.0226) among patients who
received CCP up to 3 days after hospital
admission (24%) versus patients who received it
later (40%) (Fig. 2).

Effect of CCP Therapy on Inflammatory
Parameters

To identify the reliable prognostic factors for
COVID patient’s recovery, IL-6, IL-1 beta, IL-8
and TNF alpha were additionally analyzed from
the available frozen serum samples of 21
patients (Fig. 3). IL-1 beta (deceased 0.5 pg/ml,
recovered 0.6 pg/ml), IL-8 (deceased 31.3 pg/ml,
recovered 22.5 pg/ml) and TNF alpha concen-
tration (deceased 21.1 pg/ml, recovered 16.1 pg/
ml) were not above the physiological level
(minimum–maximum values of cytokine levels
in healthy controls according to the literature
are 0.0–5.0 pg/ml for IL-1 beta [33], 0.0–50.4 pg/
ml for IL-8 [34] and 0.0–32.5 pg/ml for TNF
alpha [34]). Also, the changes of these cytokine
levels were not significant between recovered
and deceased patients (Fig. 3). At the same time,
IL-6 concentration was clearly above the normal
level for healthy individuals (0.0–12.7 pg/ml
[34]) before plasma therapy and patients who
died during hospitalization had significantly
higher (P = 0.0066) IL-6 levels than survivors
(deceased 102.5 pg/ml, recovered 28.9 pg/ml,
Fig. 3).

Fig. 2 Time until CCP therapy in hospitalized patients.
A and B Histograms of time until CCP therapy in days
from hospitalization in surviving and deceased patients,
respectively. C Mean ± SEM values of hospitalization
time before CCP for recovered and deceased patients;
asterisk indicates P\ 0.05 with Mann-Whitney test.

D Patients who received plasma during the first 3 days
of hospitalization had a significantly better survival rate
than those who received CCP therapy at later time points;
asterisk indicates P\ 0.05 with Fisher’s exact test
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The level of ferritin, CRP and IL-6 was com-
pared between blood samples collected before
and after CCP therapy to assess if there was an
improvement of patients’ condition. All three
parameters were significantly lower (ferritin
P = 0.0025; CRP and IL-6 P\ 0.0001) after
plasma administration (Fig. 4).

DISCUSSION

In the current study, we systematically moni-
tored selected outcome parameters in a sizeable
cohort of severe COVID-19 patients who
received CCP therapy as a supplementary
intervention besides standard supportive and
causative therapies. As expected, several base-
line characteristics showed significant differ-
ences upon comparing those patients who were
treated on the COVID ward versus those under

intensive care reflecting the different severity of
their overall clinical status. In agreement with
other reports [24], males were over-represented
in the ICU subgroup, along with elevated WBC,
ferritin and CRP levels. A high proportion of
patients had severe comorbidities that clearly
affected their treatment needs in addition to
their COVID19 status; therefore, it was not
justified to separate the cohort into subgroups
based on any variable singled out from a mul-
titude of parameters.

We addressed the importance of initiation
time point of CCP transfusions by using the
indicator of number of days elapsing in the
hospital prior to CCP therapy. In this compar-
ison, significantly more time elapsed in the
deceased subgroup compared to survivors.
Moreover, dichotomizing the entire patient
group according to the median value of days
until CCP therapy with 3 days as a threshold

Fig. 3 IL-6, IL-1 beta, IL-8 and TNF alpha levels in
survivors and decedents blood harvested before CCP
therapy (n = 21 patients). Normal range is indicated with

a gray area on each panel. Data are represented as
average ± SEM; asterisk indicates P\ 0.05 with Mann-
Whitney test
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showed a significantly higher proportion of
deceased patients in the subgroup characterized
by longer than 3 days. Support for the impor-
tance of early application of CCP therapy comes
from a prospective USA study indicating sig-
nificant mortality reduction compared to mat-
ched control cases only in the subgroup
receiving CCP transfusion within 72 h of hos-
pital admission [20]. In a smaller comparative
study, CCP transfusion within 72 h of hospital
admission was more efficient among patients
aged\65 years [19]. In another smaller study a
similar benefit of earlier application of CCP
therapy was observed with improvements of
several clinical outcomes associated with CCP
administration before 7 days from diagnosis
[26]. Furthermore, in an outstanding random-
ized, double-blind, placebo-controlled trial per-
formed in Argentina, development of COVID-
19-associated predefined severe respiratory dis-
ease was significantly less frequent in the trea-
ted group receiving CCP transfusion within
72 h from the onset of mild COVID-19 in an
elderly population [30]. The importance of
appropriate timing of CCP transfusions as well
as careful candidate selection instead of the
compassionate use of CCP has clearly been
emphasized in an editorial [35].

Considering the relative paucity of informa-
tion on inflammatory cytokine levels in CCP-
treated COVID-19-patients, in a subgroup of our
cohort, we included baseline and follow-up
measurements of critical cytokine levels such as
IL-6, IL-8, TNF-alpha and IL-1-beta. Comparing

baseline levels between recovered and deceased
patients, we observed that IL-6 was the only
inflammatory cytokine characterized by signifi-
cantly elevated baseline levels among the
deceased CCP-treated patients, indicating a
potential role of this inflammatory cytokine as a
prognostic marker. In another comparison
addressing marker status before and after CCP
transfusion, similarly to general inflammatory
markers, IL-6 levels showed significant decrea-
ses. This observation is in line with those of
others and suggests a putative immunomodu-
latory effect exerted by CCP [11]. In particular,
in a smaller study, besides IL-6, TNF-alpha and
IFN-gamma levels also showed significant
decreases while that of IL-10 increased follow-
ing CCP therapy [36]. In the framework of
another randomized trial of CCP therapy, Il-6
serum levels decreased along with those of
interferon gamma-induced protein 10 in
response to CCP transfusion [37]. However, it
should be noted that the possible connection of
IL-6 levels with the therapeutic effect of CCP
does not mean a causal relationship either way,
and further studies are needed to identify the
molecular-level interactions between IL-6-in-
volving inflammatory mechanisms. Notably,
convalescent plasma is also a source of a num-
ber of interleukins and cytokines that are
administered alongside the anti-SARS2-CoV
neutralizing antibodies.

Limitations of the current study include its
non-controlled design, its limited sample size
and partial unavailability of samples for detailed

Fig. 4 IL-6, CRP and ferritin levels before and after CCP.
Documentation of the ferritin level before and after CCP
was available for n = 79 patients, of CRP for n = 130

patients and IL-6 for n = 58 patients. Data are presented
as average ± SEM; **P\ 0.01, ***P\ 0.001 with Mann-
Whitney test
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immunological testing in a significant propor-
tion of the patients included. Pre-hospital his-
tory of the patients was not accessible, leaving
room for variation in SARS2-CoV2 infection
periods. Considering all the above limitations,
we believe that our observations should rather
be viewed as an indicator prompting further
studies with improved design targeting special
features of CCP therapy such as early interven-
tion in patients with only moderate IL-6 levels.
Comparing results of the large number of reg-
istered clinical trials (n = 164 on ClinicalTri-
als.gov at the time of writing) may help to
identify critical factors in study design and
patient selection to obtain benefits of clinical
outcome after CCP in severe COVID-19; how-
ever, this future effort will depend on original
study data becoming available.

CONCLUSIONS

In conclusion, our results indicate that CCP
transfusion is a safe supplementary option that
can easily be incorporated into the complex
therapeutic scheme of severe COVID-19
patients. Early timing of CCP transfusion is
clearly preferable. CCP transfusion resulted in
significant decreases in inflammatory markers,
and pretransfusion measurements of these
markers may allow further stratification of sev-
ere COVID-19 patients amenable for efficient
CCP therapy.
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