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EQ Background - COVID-19 convalescent plasma (CCP) is an experimental

treatment against SARS-CoV-2. Although there has so far been no evidence
*Processing Laboratory, of transmission through transfusion, pathogen reduction technologies (PRT)
Transfusion Center of the Valencian  have been applied to CCP to mitigate risk of infectious disease. This study
Co1?¢muni1.fy, aims to assess the impact of methylene blue (MB) plus visible light PRT on the

Snstitute for In‘tzeilql::t;‘:gjsftz;z virus-neutralising activity of the specific antibodies against SARS-CoV-2.

. ; o Material and methods - Thirty-five plasma doses collected by plasmapheresis
Biology (12SysBio), Universitat de . - .
Valencia-GSIC, Valencia, Spain from COYID-19 convalescent donc?rs were subJec‘:ted ‘to MB plus VISIt?l‘e light

PRT. Anti-SARS-CoV-2 RBD S1 epitope IgGs antibodies were quantified by
ELISA. Titres of SARS-CoV-2 neutralising antibodies (NtAbs) were measured
before and after the PRT process. A Spearman's correlation was run to
determine the relationship between antibody neutralisation ability and
SARS-CoV-2 IgG ELISA ratio. Pre- and post-inactivation neutralising antibody
titres were evaluated using a Wilcoxon test.
Results - The plasma pathogen reduction procedure did not diminish NtAbS
titres and so did not cause a change in the viral neutralisation capacity of
CCP. There was a strong correlation between pre-and post-PRT NtAbs and
anti-SARS-CoV-2 IgGs titres.
Discussion - Our results showed PRT with MB did not impair the CCP passive
immunity preserving its potential therapeutic potency. Therefore, PRT of CCP
should be recommended to mitigate the risk for transmission of transfusion-
associated infectious disease. There is a good correlation between SARS-CoV-2
IgG titres determined by ELISA and the neutralising capacity. This allows blood
centres to select CCP donors based on IgG ELISA titres avoiding the much
more labour-intensive laboratory processes for determining neutralising
antibodies.
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INTRODUCTION
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caused by the highly transmissible coronavirus 2 (SARS-CoV-2), first identified in Wuhan,
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People’s Republic of China, in 2019. Despite aggressive
efforts and research, none of the therapies adopted so far
have been proven to be effective2.

Coronaviruses are enveloped positive-sense single-stranded
RNA viruses. Previous studies indicate that they are
generally susceptible to acid, alkaline media, and heat®.
The risk of transmission by transfusion was a concern for
blood banks from the very beginning of the crisis*. After more
than one year of pandemic evolution, the SARS-CoV-2 is not
currently considered a high or moderate priority for blood
transfusion safety.

Diagnosis of infection has largely been based on
RT-PCR amplification of viral nucleic acid from upper
respiratory tract swab tests. However, detection of viral
RNA (vRNA) has also been reported in blood, serum, and
plasma samples in a limited number of clinical cases®. The
frequency and quantification of SARS-CoV-2 RNA in blood
fractions, and the significance of blood transfusion as a
route of transmission, remain unknown. Furthermore,
there is an urgent need to consider whether the detection
of viral RNA in blood samples reflects the presence of
infectious virions, and its implications for transfusion
safety®. On the other hand, it should be considered that,
for SARS-Cov-2, virions have never been isolated in
reactive RNA blood donor samples. The study of Chang et
al. reported 3 samples out of 7,425 healthy blood donors
(0.04%) containing viral RNA®. Though emerging viruses
may pose a potential threat to transfusion safety, there is
no evidence to date that SARS-CoV-2 has been transmitted
through the transfusion of blood products. However, the
fact that the mortality rate is high (infection fatality rates
range from 0.00 to 1.63%") and that there is a universal
transmission requires an increase in awareness of the
potential threat for blood safety.

Few treatment options are available when a novel
virus first emerges, but convalescent plasma (CP)
may be the only therapeutic approach until other
treatments are developed. It consists of the infusion of a
virus-specific-antibody-rich plasma obtained from
patients who have recovered from the disease, aiming
to provide passive immunity. Passive antibody transfer
dates back to the 1890s with varying degrees of success as
atreatment for severe infectious diseases®™. Convalescent
plasma was used effectively during the 1918 influenza
pandemic®. More recently, it has been adopted as an
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initial approach for several emerging infectious disease
(EID) outbreaks, such as severe acute respiratory
syndrome (SARS)?, the HiN1 influenza virus pandemic
(in 2009-2010)%, the Middle East respiratory syndrome
(MERS)“, the H5N1 and H7N9 avian flu outbreaks®, the
West African Ebola epidemic (in 2013), and other viral
haemorrhagic fevers (Bolivian haemorrhagic fever, Lassa
fever, and the Argentine haemorrhagic fever)'*. In 2014, a
meta-analysis concluded that CP may reduce mortality and
should be studied as a treatment for MERS coronavirus
infection'*. COVID-19 convalescent plasma (CCP) therapy
has been demonstrated to be a safe option with minor
side effects, although controlled clinical efficacy data
are only just beginning to come in and some of them are
controversial. The transmission of different infectious
diseases through the transfusion of plasma represents a
real risk, particularly in regions with a high prevalence of
transmissible diseases; pathogen reduction technologies
can mitigate this kind of risk®.

Currently, there are three different pathogen reduction
technologies (PRT) available that may be effective in
reducing the infectious pathogen load of bacteria, viruses,
and parasites of plasma components. The amotosalen and
UVA based technology (Intercept® Blood System, Cerus,
Concord, CA, USA)¥, the riboflavin plus UV (e.g., Mirasol®
PRT, Terumo BCT Europe N.V., Leuven, Belgium)*, and
methylene blue (MB)/visible light**.

Recently a PRT system based on methylene blue plus visible
light has been demonstrated to be effective in inactivating
SARS-CoV-22+%¢, with a reduction in virus titre of up to 4.5
logio TCID50/mL*.

The THERAFLEX MB (TMB)-Plasma (Macopharma,
Mouvaux, France) is a photodynamic pathogen reduction
system for the treatment of plasma. Plasma units derived
from single blood donations are illuminated with visible
light in the presence of the phenothiazine dye methylene
blue (MB). When plasma is MB/light-treated, singlet
oxygen is generated, which leads to the destruction of
viral nucleic acids. The MB/light-based method has been
in routine use in Europe for more than 20 years?. For
CCP, it is essential to preserve the antibody function after
pathogen reduction procedures. It is known that MB/light
treatment can damage some labile plasma proteins (e.g.,
plasma factor VIII and fibrinogen) while maintaining
the functionality and life span of other proteins in fresh
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frozen plasma?>262*2, Taking this effect into account,
it may be possible to observe a deleterious effect of the
pathogen reduction techniques on the effectiveness of
CCPafterinactivation. However, data regarding the effect
of pathogen-inactivation methods on the functionality of
SARS-CoV-2 neutralising antibodies are scarce.

The objective of this study was to evaluate the effect of
methylene blue and light pathogen reduction technology
on the functional properties of CCP, investigating if
antibody-binding affinity in human plasma is affected
by the TMB plasma treatment. For this purpose, the
neutralising ability of anti-SARS-CoV-2 antibodies was
tested before and after MB/light treatment. We also
checked the correlation between SARS-CoV-2 IgGs
recognising the spike (S) protein receptor-binding domain
(RBD), and NtAb to use an ELISA test as a surrogate
marker for NtAb.

MATERIALS AND METHODS

COVID-19 convalescent plasma collection

Each donor had a documented history of laboratory-
confirmed SARS-CoV-2 infection based on a positive
RT-PCR test result. All plasma was donated by
recovered and healthy COVID-19 patients who had been
asymptomatic for >28 days. Donors were between 18 and
65 yearsold. All donors provided written informed consent
and had tested negative for SARS-CoV-2 by RT-PCR. If
eligible according to standard blood donor criteria, donors
were enrolled in an intensive plasmapheresis programme.
Donors were male without previous transfusion history
and were negative for hepatitis B virus, hepatitis C virus,
HIV, Chagas disease, and syphilis, as per standard blood
bank practices.

CCP was obtained by apheresis using the Aurora
Plasmapheresis System (Fresenius Kabi Bad Homburg,
Germany/Fresenius, Lake Zurich, IL, USA). Plasma
(650 mL) was collected from each donor and divided into
two 325 mL units.

Anti-SARS-CoV-2 ELISA

Donors’ peripheral venous blood was also screened before
plasmapheresis for anti-SARS-CoV-2 IgG antibodies.
Anti-SARS-CoV-2 RBD S1 epitope IgGs antibodies were
quantified by ELISA (Euroimmun, Litbeck, Germany). This
is a semi-quantitative method where results are expressed
as a ratio, calculated by dividing the optical densities of
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the sample by the cut-off (S/CO). The cut-off for samples
to be considered positive was >1.1 and borderline positive
from 0.8 and 1.09 the S/CO ratio was considered as a titre.

Anti-SARS-CoV-2 neutralising antibody assay

The neutralisation capacity of circulating antibodies
against the spike protein of SARS-CoV-2 was assessed
using a vesicular stomatitis virus pseudotyped with the
SARS-CoV-2 spike protein (VSV-S). Experiments were
performed as previously described*® with the exception
that the spike sequence carried the D614G mutation, and
the assay was performed in A549 ACE2 TMPRSS2 cells
(InvivoGen catalog code as49-haceztps). All tests were
carried out in duplicate using 5-fold serum dilutions
ranging from 1:20 to 1:12,500. The reciprocal of the
antibody dilution resulting in 50% virus neutralisation
was calculated using the DRC package (version 3.0-1)
in R via a two-parameter log-logistic regression model
(LL.2 model) and considered as the NtAbs’ titre. Pre- and
post-TMB treatment samples were tested for neutralising
antibody (NtAb) titre retention.

Methylene blue and visible light pathogen reduction
treatment

CCPunits were treated using the THERAFLEX MB-Plasma
MB + visible light PRT system as previously described?.
Briefly, CCP units were transferred to two illumination
bags (THERAFLEX MB-Plasma bags [Ref. SDVooo1XU])
utilising a sterile connection device (Terumo TSCD II). The
THERAFLEX MB-Plasmasystemusesa0.65um membrane
filter (Plasmaflex PLAS4; MacoPharma) which removes
residual leukocytes, red cells, platelets, and aggregates.
The filtered plasma then flows through a dry pill of 85 pg
anhydrous MB chloride which is integrated into the bag
system providing an approximate final concentration
of 1 pmol/L for a volume of plasma between 235 and
315 mL. The illumination is achieved by a microprocessor-
controlled device under Good Manufacturer Practice
(GMP) controlled conditions where illumination dose,
intensity, and temperature are monitored and exposed
to the required light dose of 180 J/cm? of energy. After
treatment, over 90% of the residual MB combined with
its photo-activated products are removed by a specially
designed filter (Blue-flex; MacoPharma). Thus, plasma is
filtered twice, resulting in virtually cell-free plasma®.
Samples for analysis were taken before connection
to the PRT system (Pre-Treat), and after MB removal
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(Post-Treat). Sample aliquots were stored frozen (< —=79°C)
in cryovials until testing.

Statistical analysis

CCP units were analysed for anti-SARS-CoV-2 IgG
antibodies,and SARS-CoV-2antibodyneutralising activity
(Pre-Treat and Post-Treat). Descriptive statistics including
the mean and standard deviation were calculated for all
continuous parameters.

To analyse the normality of continuous variables, we used
the Shapiro-Wilk test. Data sets exhibiting a non-normal
distribution were evaluated non-parametrically using a
Wilcoxon matched-pairs signed-rank test. The Spearman
rank-order correlation coefficient was used to assess
the relationship between continuous variables using
the entire dataset. p<o.05 was considered statistically
significant. Statistical analysis was performed using SPSS
v.20.0 software (SPSS, Chicago, IL, USA).

RESULTS

Twenty-nine donors provided 35 CCP units. Five donors
gave plasma on multiple occasions (4 of them on two and
1 of them on three occasions). The donors ranged in age
from 20 to 65 years with a median age of 49.44 years, and
all of them were males. ABO blood type distribution is
shown in Tablel.

No influence of THERAFLEX MB-Plasma treatment
on reciprocal antibody dilution resulting in 50% virus
neutralisation (NtAbso) was found; titres before and after
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Table I - Blood type distribution

Blood type N %

(o] 10 34.5
A 16 55.2
B 1 3.4
AB 2 6.9

Table II - Influence of treatment with the THERAFLEX MB-Plasma
system on results

N Mean + SD Min. Max. Median
Pre-Treat 35 895.4 +894.8 50.5 3305.4 712.0
Post-Treat 35 883.2+926.1 57.3 3297.7 485.5

TMB treatment did not change (Table II). A Wilcoxon
signed-rank test showed that plasma pathogen reduction
procedure with TMB did not elicit a statistically significant
change in neutralisation capacity of circulating antibodies
againstthe spike protein of SARS-CoV-2 (Z=-0.16, p=0.987).
A Spearman’s rank-order correlation was run to determine
the relationship between antibody neutralisation ability
and SARS-CoV-2 IgG ELISA ratio. There was a strong,
positive correlation between neutralisation ability
Pre-Treat and SARS-CoV-2 IgG ELISA ratio (rs[8]=0.929,
p=0.000), between neutralisation ability Post-Treat and
SARS-CoV-2 IgG ELISA ratio (rs[8]=0.867, p=0.000), and
between neutralisation ability Pre-Treat and neutralisation
ability Post-Treat  (rs[8]=0.927, p=0.000); all these
relationships were statistically significant (see Figures 1-3).

R? Lineal = 0,929

Pz

L
2 >
E=
g SRS~
Q B . - | B
g 1=72,92+0,93%
s et
Z /
: . .
b

= ® /
o N

| i

e
1000 ‘ oy
2 ° / o
e
o _e
| /./Oo
3
o |18
|
0 1000 2000 3000 4000

Post -NtAbsg titer

Figure 1 - Correlation between pre- and post-inactivation antibody

neutralisation ability
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Figure 2 - Correlation between SARS-CoV-2 IgG ELISA ratio and pre-inactivation

antibody neutralisation ability
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Figure 3 - Correlation between SARS-CoV-2 IgG ELISA ratio and post-
inactivation antibody neutralisation ability

DISCUSSION

Convalescent plasma therapy has been used as a rapid
and effective treatment of severe EID for more than 100
years. In 1890, CP was shown to neutralise the bacillus
toxicity of tetanus injected into the body, and the earliest
CP therapy allowed humans to overcome diphtheria®.
In modern times, it has been used during several Ebola
virus disease outbreaks”*?, SARS coronavirus®?, and many

other infectious diseases®?. Given this long history of
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serum/plasma-based treatment, and its established
safety and efficacy, convalescent plasma transfusion
was considered as a first-line therapeutic approach for
COVID-19 patients.

Transfusion safety remains a top priority and studies
are needed to determine whether SARS-CoV-2 can be
transmitted through transfusion. One of the reasons
for using pathogen reduction technologies of blood
components is to be proactive by providing general
protection against emerging and re-emerging infectious

For personal use only
ithout premission



agents which constitute a continuous challenge to the
safety of the blood supply. Conversely, the conventional
reactive approach, which is to wait until screening
programmes are implemented, takes time and cannot
therefore provide the much needed rapid response.
Manufacturers of pathogen reduction methods are
required to continuously test the inactivation capacity of
their systems for new infectious agents?. In this sense,
the efficacy of the TMB pathogen inactivation system
for coronaviruses was previously demonstrated with
SARS-CoV and MERS-CoV#3. According to Jin et al.,
methylene blue treatment plus light can reduce the
4.5 logio TCID, /mL in 2 minutes for the new coronavirus
SARS-CoV-24.

SARS-CoV-2 is
its threshold concentration to elicit disease must be

In case transfusion transmissible,
determinedin orderto assess the PRT capacity in preventing
transmission. Nevertheless, the log reduction factor
achieved by the THERAFLEX MB-Plasma may effectively
reduce the potential risk of transmission of SARS-CoV-22*.

In the study of Raster ef al., it was shown that pathogen
reduction of plasma with MB treatment did not affect
the IgM and IgG binding to their cognitive epitopes,
or IgG binding to Fc receptors. This could be due to
the low affinity of MB to neutral macromolecules
like immunoglobulins. The authors concluded that
preservation of the immunoglobulin function is key for
the use of MB-treated CP for the treatment of infections,
such as COVID-19*. However, the latter study did not
test the preservation of the neutralising capacity of
anti-SARS-CoV-2 antibodies, so they could not make
definite assumptions on an eventual change in the
effectiveness of pathogen-reduced CCP.

Our study evaluates the effect of MB treatment
on the functional properties of CCP by measuring
neutralising antibody activity pre- and post-PRT.
Our results show good preservation of neutralising
antibody titres, which remain the same after PRT. With
these data, we can assume that CCP-TMB treatment
would be as effective as non-PRT CCP. The stability of
the antibodies demonstrated in our study is consistent
with previous assessments of antibody function in
PRT-treated plasma*. Our results are in line with
the conclusions of Kostin et al. This study highlights
that, of the three currently available PRTs, MB is that
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which best preserves the neutralising function, with
81% of the units remaining unchanged in terms of
SARS-CoV-2 neutralising antibodies titres*.

On the other hand, we observed a good correlation
between SARS-CoV-2 IgG titres determined by ELISA and
the neutralising capacity. This observation has already
been reported with other commercial immunoassays and
the plaque reduction neutralisation test, concluding it may
constitute a surrogate method to evaluate NtAb titres*.
This correlation is important because it allows blood centres
toselect CCP donors based on IgG ELISA titre, thus avoiding
the much more labour-intensive laboratory processes for
determining neutralising antibodies. However, it must
be said, that the level of anti-SARS-CoV-2 IgG antibodies
could have been evaluated with other methods capable
of detecting and quantifying them, and then converted
to international standard NIBSC code 20/136 to allow
comparison between different analytical methods.

CONCLUSIONS

Our results showed that PRT with MB did not impair the
CCP passive immunity preserving its potential therapeutic
potency. Therefore, PRT of CCP should be recommended
to mitigate the risk for transmission of transfusion-
associated infectious disease.
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