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Since the early stages of COVID-19 pandemic, convalescent plasma
has been considered as a treatment option for SARS-CoV-2 infected
patients.! Convalescent plasma treatment was previously shown to
reduce mortality in patients with SARS-CoV infection and severe
influenza.? The effectiveness of such therapy as a treatment for
SARS-CoV,®> MERS-CoV,* and subsequently SARS-CoV-2 infec-
tions®>” has been linked to high levels of virus neutralizing antibodies
present in plasma. For these reasons, convalescent plasma collections
from individuals with past SARS-CoV-2 infection were commenced in
many European countries already in April 2020. When comparing the
presence of neutralizing antibodies in convalescent plasma donations
collected in the Netherlands and England, it was noted that neutraliz-
ing antibody titers in convalescent plasma were generally lower in the
Netherlands than in England. From the first 103 donations tested for
neutralizing antibodies in the Netherlands, only 14 donations had neu-
tralizing antibody titers higher than 1:100 (14%). In comparison, a sta-
tistically higher proportion of donations collected in England between
22 April and 12 May contained neutralizing antibody titers higher than

1:100 (146/447; 33%8; 5 statistical test, P < .001). In order to deter-
mine if testing was a reason for this observed difference, a panel of
15 convalescent plasma samples was exchanged for testing. Both
countries used live virus neutralization assays for testing of convales-
cent plasma donations.

The convalescent plasma panel included six samples collected in
the Netherlands and nine samples collected in England. They were
tested in the Netherlands using a previously described SARS-CoV-2
specific virus neutralization test protocol with minor modifications.”**°
In England, SARS-CoV-2 specific neutralizing antibody levels were
measured using a modification of the WHO influenza micro-
neutralization method.®1! All work was undertaken in biosafety level
3 (BSL-3) laboratories. Both assays were performed in 96-well plates,
and a serial dilution of heat-inactivated serum or plasma samples
(56°C for 30 minutes) was first incubated with a standardized amount
of SARS-CoV-2. Both laboratories used the same amount of virus
(100 TCIDsp), which had been quantified by determining the virus

concentration at which at least 50% of the infected cells display

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any
medium, provided the original work is properly cited and is not used for commercial purposes.

© 2021 The Authors. Health Science Reports published by Wiley Periodicals LLC.

Health Sci Rep. 2021;4:e439.
https://doi.org/10.1002/hsr2.439

wileyonlinelibrary.com/journal/hsr2 1of4


https://orcid.org/0000-0001-9154-4190
mailto:heli.harvalasimmonds@nhsbt.nhs.uk
http://creativecommons.org/licenses/by-nc/4.0/
http://wileyonlinelibrary.com/journal/hsr2
https://doi.org/10.1002/hsr2.439

20f4 i
o WI LEY—HeaIth Science Reports

HARVALA ET AL.

Open Access

cytopathic effect (CPE), but the virus strains used were different
(HCoV-19/Netherlands/ZuidHolland_10004/2020 in the Netherlands
[EVAg cat.nr. 014V-03968] and England/02/2020 in England).
Sequence comparison demonstrated that HCoV-19/Netherlands/
ZuidHolland_10004/2020 strain differed by a single amino acid in the
spike protein (D614G) from England/02/2020 and the Wuhan-Hu-1
prototype strains. All incubations were done at 35°C in the
Netherlands based on their experience that any respiratory virus repli-
cated to higher titers at 35°C than at the traditionally used 37°C. An
incubation temperature of 37°C was used in England. After a 1-hour
incubation, a suspension of Vero-Eé cells (African green monkey cells;
total of 2 x 10* cells per well) was added and plates were further
incubated at the given temperatures. In the Netherlands, plates were
incubated for 3 days, and the 50% neutralization titer was defined as
the highest serum dilution that protected more than or equal to 50%
of cells from CPE. In England, plates were fixed, and in-cell SARS-
CoV-2 nucleoprotein (NP) expression was determined by ELISA at
22 hours after inoculation. The virus neutralizing antibody titer was
determined as the serum concentration that inhibited at least 50%
SARS-CoV-2 NP expression. We used Chi-square test to compare
neutralizing antibody content in convalescent plasma, linear regres-
sion to investigate the correlation between the neutralization titers
determined by two laboratories, and Mann-Whitney U-test to assess
the difference in these measurements, using SPSS version 26.
P values <.05 were considered statistically significant.

Signed written informed consent was obtained from each donor
at the time of donation. The study was approved by National Blood
Supply Committee for Audit and Research Ethics.

Assay titers for the panel samples were comparable between both
laboratories despite using the different incubation times and tempera-
tures as well as differences in the methods used for determining the

end point neutralizing antibody titer (based either on NP expression
measured by ELISA or CPE recorded manually) (Figure 1). Despite the
scaling difference in absolute quantitation, there was a good correla-
tion between neutralization titers determined in samples studied in
the Netherlands and England (R? = 0.797; P < .001 by linear regres-
sion, Figure 2). Nevertheless, neutralizing antibody titers obtained for
convalescent plasma donations in the Netherlands were systemati-
cally lower than those measured in England (mean value 63%;
P = .003 in Mann-Whitney U-test).

Traditionally live virus neutralizing antibody testing has been per-
formed either using the plaque reduction neutralization titer (PRNT)
and micro-neutralization format. Both are difficult to standardize as
they require the use of live virus and cells, while international stan-
dards are currently lacking. Although the methods presented here
were different, they provided very comparable neutralization titers
with the panel samples, thereby excluding technical causes for the
systematically lower neutralizing antibody titers observed for the
Dutch plasma. A possible explanation for the observed differences
might be the differences in the collections. In the Netherlands, individ-
uals with past SARS-CoV-2 infection were invited to donate convales-
cent plasma 14 days after their recovery, whereas in England they
cannot donate until 28 days.'? It is hence likely that in England their
antibody response has time to mature, and hence higher neutralizing
antibody titers are observed. Other factors known to be associated
with higher neutralizing antibody titers in convalescent plasma donors
include male gender, older age, and hospitalization due to SARS-
CoV-2 infection.'® Further studies exploring the different convales-
cent plasma donor populations and their association to neutralizing
antibody levels should be considered.

An interesting aspect is the spike mutation D614G present in the
virus isolate used in the Netherlands. This mutation became dominant
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FIGURE 2 Comparison of neutralizing antibody titers determined
in the Netherlands (y-axis) and England (x-axis) for 15 samples, from
which six were obtained from Dutch convalescent plasma donors and
nine from English donors

in SARS-CoV-2 genome during the early stages of pandemic'* and
has been associated with increasing replication in lung tissues.® It has
also been used to artificially enhance the infectious pseudoparticle
production without obviously changing its antigenic properties.*® Fur-
ther calibration of neutralization antibody titer measurement can be
achieved by using internal and external standards. These include the
use of WHO International Standards for SARS-CoV-2 antibodies,
which will allow the antibody titer comparison between different lab-
oratories and over time.%”

Until the beginning of the pandemic, neutralizing antibody testing
was mostly utilized as a research tool. However, it should also be recog-
nized as a technically simple and rapidly deployable assay for serological
screening in case of newly emerging infections providing the virus iso-
late and the BSL-3 facilities with trained personnel are available. The
use of convalescent plasma therapy has created a new purpose for neu-
tralizing antibody assays in the identification of high titer donations for
maximal therapeutic efficacy. It may also support prioritizing the use of
convalescent plasma to those patients who do not harbor neutralizing
antibodies as they will most likely benefit from it.*® The widespread
adoption of a range of in-house assays that may often be methodologi-
cally dissimilar has since created the secondary problem of data compa-
rability and the development of guidelines to standardize neutralizing
antibody assay quantitation and sensitivity.”* In conclusion, we dem-
onstrate a good comparability of neutralizing antibody data obtained in
the Netherlands and England despite slight differences in the method-
ologies used and exclude the laboratory technic as a cause for the sys-
tematically lower neutralizing antibody titers observed in the Dutch
plasma. Further comparative evaluations will help to standardize testing

of plasma donations across Europe and beyond.
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