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Abstract

Background: This pilot study assesses the ability of plasma collected from

Canadian blood donors in the first wave of the SARS-CoV-2 pandemic to neu-

tralize later SARS-CoV-2 variants of concern (VOCs).

Study design and methods: A repeated cross-sectional design was used, and

a random cross-sectional sample of all available Canadian Blood Services

retention samples (n = 1500/month) was drawn monthly for April and May of

2020. Qualitative IgG analysis was performed on aliquots of specimens using

anti-spike, anti-receptor binding domain, and anti-nucleocapsid protein

enzyme-linked immunosorbent assays as well as the Abbott Architect SARS

CoV-2 IgG assay (Abbott Laboratories) against the anti-nucleocapsid protein.

Selected plasma specimens were then assessed for neutralization against VOCs

Abbreviations: anti-S, anti-spike; anti-N, anti-nucleocapsid protein; anti-RBD, anti-receptor binding domain; FSA, first threecharacters of postal
code, Forward Sortation Area; NML, NationalMicrobiology Laboratory; SARS-CoV-2, Severe acute respiratory syndrome coronavirus-2; PRNT50,
plaque reduction neutralization test 50%; VOCs, variants of concern.
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using pseudotyped lentivirus inhibition assays as well as plaque reduction neu-

tralization test 50% (PRNT50).

Results: Six specimens with a high neutralizing titer against wild-type SARS-

CoV-2 and three specimens with a low neutralizing titer against wild-type

SARS-CoV-2 were chosen for further analysis against VOCs. Four of six high

neutralizing titer specimens had a reduced neutralizing capacity against beta

VOCs by both neutralization methods. Three of six high neutralizing titer spec-

imens had reduced neutralization capacity against gamma VOCs.

Conclusions: This preliminary data can be used as a justification for limiting

the use of first wave plasma products in upcoming clinical trials but cannot be

used to speculate on general trends in the immunity of Canadian blood donors

to SARS-CoV-2.

1 | INTRODUCTION

Severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2) virus was first identified in Canada during the first
quarter of 2020 and between January 2020 and July of 2021
there were three distinct waves in that country.1 Nationally,
a low amplitude first wave occurred between late February
and early July of 2020.2, 3 The true amplitude of this wave
may have been underestimated as molecular and serologi-
cal assays were still in development.4 In Canada, a broad
and higher amplitude second wave started sometime in
early August, peaked in late December, and reached a
trough in the period of mid/late January to early/mid-
March 2021. In late March 2021, a narrower but equal
amplitude wave followed.3 Prior seroprevalence surveys of
Canadian Blood donors by Canadian Blood Services
suggested that donors had very low levels of seropositivity
(e.g., <5%) between April and September of 2020.5, 6 In
April and early May of 2020. Canadian Blood Services
engaged a broad group of laboratories in Canada and the
United States to attempt to understand the neutralizing
capacity of blood donor antibodies to SARS-CoV-2.7, 8 The
preliminary work was generated to support SARS-CoV-2
convalescent plasma studies in Canada to understand anti-

SARS-CoV-2 responses as well as anti-SARS-CoV-2 neutral-
izing titers in Canadian blood donors.7, 8 During the study
planning process, operational and access issues led us to uti-
lize the Abbott Architect SARSCoV-2 IgG test (Abbott Lab-
oratories), which detects anti-nucleocapsid (N) IgG.5 The
identification of waning neutralizing antibody responses in
blood donors led to the development of a further “correlates
of immunity” project which had the stated goal of under-
standing changes in anti-SARS-CoV-2 neutralizing capacity
as the COVD-19 pandemic advanced.

National Institutes of Health and Infectious Diseases
Society of America practice guidelines indicate that for non-
hospitalized ambulatory patients, COVID-19 convalescent
plasma trials may still be undertaken to fill knowledge gaps
from prior clinical trials.9, 10 Blood collection for convalescent
plasma studies in Canada, as well as the majority of studies
in the United States, have ceased. Our hypothesis was
whether routinely collected plasma specimens collected in
the first wave of the pandemic would be able to continue to
neutralize later variants of concern (VOCs). This is an impor-
tant question, as the epidemiology of the SARS-CoV-2 pan-
demic continues to change in Canada. As of early July 2021,
from a cumulative total of approximately 1.4 million reported
COVID-19 cases, the following VOCs have been publicly
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reported; alpha (B.1.1.7, n = 219,811), beta (B.1.351,
n = 1968), gamma (P.1, n = 16,367), Delta (B.1.617.2,
n = 3053).11 The data provided on variants is publicly avail-
able information from different provinces and territories and
may be biased by variability in provincial surveillance
and sequencing strategies. To be conservative, the pres-
ented data should be considered a sampling of conve-
nience. This pilot study assesses the ability of routinely
collected Canadian blood donor plasma collected in
the first wave of the pandemic to neutralize VOCs.

2 | MATERIALS AND METHODS

2.1 | Ethical considerations

The project had ethics board clearance from Canadian
Blood Services, the University of Alberta and the Sinai
Health, Toronto (Lunenfeld-Tanenbaum Research
Institute).

2.2 | CIHR correlates of immunity study
participants and samples

Canadian Blood Services is responsible for collecting
blood donations from in all provinces except Quebec and
collection sites are concentrated in large and small cities.
Blood donors (≥17 years age) must meet numerous
health selection criteria. Blood donations are used to
manufacture products for transfusion; an additional
EDTA plasma retention sample is also collected alongside
each donation.12

A repeated cross-sectional design was employed,
and a random cross-sectional sample of all available
Canadian Blood Services retention samples (n = 1500/
month) was drawn monthly for April and May of 2020.
Sample selection was a two-stage process: first blood
donor clinics were randomly selected by region propor-
tional to regional collections and then samples from
each donor clinic were randomly selected proportional
to collections such that larger clinics had more dona-
tions. There are generally about 1000 clinics per month
from which about 60,000 donations are collected.
About 80% of these had a sample, available for the
study; the other 20% were required for operational pur-
poses (e.g., further routine donor testing). All samples
were from unique donors and all donation types were
included. Samples were anonymized. Donation date,
birth year, sex, collection site, and residential Forward
Sortation Area (FSA, first three characters of postal
code) were extracted from the donor database.

Plasma specimens were stored at 4°C until aliquoted
within 7 days at Canadian Blood Services frozen at �80°C
and transported to test sites. One freeze to two thaw cycles
occurred to aliquot the sample at the test site. One aliquot
(250 ul) was stored at �80°C for the remainder of the study.

2.3 | Enzyme-linked immunosorbent
assays for detecting IgG

Laboratory-developed qualitative IgG analysis was performed
at the Lunenfeld-Tanenbaum Research Institute, Sinai
Health, on specimens using the anti-spike (anti-S), anti-
receptor binding domain (anti-RBD), and anti-nucleocapsid
protein (anti-N). Although formal binary assay cutoffs were
still being developed in this population, ratio-converted
ELISA reads were generated as previously described.8, 13

2.4 | Abbott architect SARSCoV-2
IgG test

Plasma samples were tested with the Abbott Architect
SARS-CoV-2 IgG test (Abbott Laboratories), which
detects anti-N IgG, as directed by the manufacturer,
using an antibody index (AI) cut-off of 1.4.5, 6

2.5 | Selection of specimens for
neutralizing analysis

Since work was still being undertaken to establish assay
cutoffs in this population, a tiered testing approach of speci-
mens with any potential evidence of a signal for anti-S or
anti-RBD (with or without anti-N) was used to select speci-
mens for further analysis by neutralization methods.8, 14

2.6 | Wild-type PRNT50 testing

Selected EDTA plasma specimens were tested at the
National Microbiology Laboratory (NML) (Winnipeg,
MB, Canada). Wild-type D614G SARS-CoV-2 stocks at
NML were titrated and used in a plaque reduction neu-
tralization test 50% (PRNT50) modified from a previously
published method and described in detail elsewhere.15

The biological variability of the NML PRNT result falls
within 2 doubling dilutions, or a four-fold dilution.7 Sam-
ples were not titrated past a certain dilution (e.g., 1:640).
Criteria originally established for convalescent plasma
were used to identify high titer plasma specimens with a
PRNT50 ≥ 1:160 defined as high titer plasma and
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specimens with a PRNT50 < 1:160 defined as low titer
plasma.7

2.7 | Lentivirus neutralization of
wild-type (D614G) and VOC

Selected EDTA specimens were also assessed for neu-
tralizing capacity against pseudotyped lentivirus parti-
cles generated from wild-type SARS-CoV-2 (Wuhan
Hu-1 sequence harboring the D614G mutation) and the
VOCs alpha (B.1.1.7), beta (B.1.351), and gamma (P.1)
spike protein constructs (a kind gift from Yuko Arita
and Eric Marcusson at Providence Therapeutics) as
previously described. The 50% inhibitory dose (ID50)
values were determined as previously described.
Briefly, neutralization curves were used to calculate
the ID50 values of each sample with the immune
escape of the virus-like particles corresponding to
lower ID50 values.

16

2.8 | Plaque-reduction neutralization-50
(PRNT50) assays: VOC

Selected EDTA plasma specimens were also analyzed
with PRNT50 utilizing the Wuhan wild-type (B1,

GISAID#EPI_ISL_425177) as well as variant of con-
cern strains (alpha [B.1.1.7], beta [B.1.351], gamma
[P.1], Delta [B.1.617.2]) were undertaken as described
above but at the University of Alberta (Edmonton,
Canada). Dilutions were established from <1:20 to
1:5120. As with the NML assays, the biological variabil-
ity of these PRNT result falls within 2 doubling dilu-
tions, or a four-fold dilution. The identity of the viruses
used in the study was confirmed by whole genome
sequencing.

2.9 | Data storage

All donor data were stored on a Microsoft Excel
(Redmond, WA) spreadsheet.

3 | RESULTS

3.1 | Enzyme immunoassay screening of
specimens

For this study, 1500 specimens from April 2020 and
1500 specimens from May 2020 (3000 total) were ana-
lyzed with previously published assays for anti-S, anti-
RBD, and anti-N as well as the Abbott IgG anti-N

3000 specimens (April and May 2020) 

Anti-S + Anti-RBD + anti-

NP+ Abbott (n=11/3000, 

0.4%)

Anti-S + Anti-RBD

(n=9/3000, 0.3%) 

Anti-S + anti-NP

(n=1/3000, 0.03%) 

Anti-S

(n=45/3000, 1.5%) 

Anti-RBD

(n=47/3000, 1.6%) 

D614 wild-type

PRNT50 ≥ 1:20

11/11 (100%)

D614 wild-type

PRNT50 ≥ 1:20

1/9 (11.1%)

D614 wild-type

PRNT50 ≥ 1:20

0/47 (0%)

D614 wild-type

PRNT50 ≥ 1:20

2/45 (4.4%)

D614 wild-type

PRNT50 ≥ 1:20

0/1 (0%)

14/113 (12.4%) specimens with

D614 PRNT50  ≥ 1:20

9 specimens chosen for by variant of concern VLP neutralization assays and PRNT50 

assays: D614G PRNT50 = 1:40 (n=3), D614G PRNT50 = 1:160 (n=3), D614G 

PRNT50 ≥1:640 (n=3)

FIGURE 1 A tiered approach to identify specimens sent for wild -type PRNT50 and neutralization testing outcomes. From April and

May 2020, 3000 specimens were first tested by SARS-CoV-2 enzyme immunoassays. One hundred and thirteen selected specimens were then

analyzed by D614 wild-type PRNT50. Fourteen specimens were available to assess for neutralization capacity against VOCs [Color figure can

be viewed at wileyonlinelibrary.com]
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assay. As illustrated in Figure 1, based on previously
developed approaches, 113 (8.9%) specimens were sent
to the NML for PRNT50 determination.

3.2 | PRNT50 results at NML with
wild-type D614G SARS-CoV-2

Fourteen of 113 (12.4%) of selected specimens were
identified as having some neutralizing capacity by
PRNT50 against wild-type D614 SARS-CoV-2. These
PRNT50 values were ≥1:640 (n = 3), 1:320 (n = 1),
1:160 (n = 3), 1:80 (n = 3), 1:40 (n = 3), 1:20 (n = 1)
(Figure 1). A total of six specimens representing a high
neutralizing titer against wild-type D614 (≥1:640,
[n = 3]; 1:160 [n = 3]), and three specimens

representing low neutralizing titer against wild-type
D614 (1:40, [n = 3]) were chosen for analysis of neu-
tralizing capacity against VOCs.

3.3 | Neutralizing capacity of plasma
collected in April/May 2020 against
SARS-CoV-2 VOC by lentivirus
neutralization

As in Table 1, 2 of 3 high neutralizing titer specimens,
had at least a 10-fold decrease in ID50 beta compared to
D614G wild-type. CIHR000491, CIHR000496, and
CIHR000503 were deemed high titer because they had
D614G wild-type PRNT50 results of 1:160 (NML).
CIHR002076, CIHR002309, and CIHR0002774 were also

TABLE 1 Neutralizing capacity of plasma collected in April/May 2020 against SARS-CoV-2 variants of concern by VLP neutralization

Specimen #
Wild-type titer
category

PRNT50 Wuhan
D614
wild-type (NML)

ID50 Wuhan
D614G

ID50

alpha
ID50

beta
ID50

gamma

CIHR001226 Low titer 1:40 1.0 1.0 1.0 1.0

CIHR002290 1:40 161.68 157.80 1.0a 1.0a

CIHR002377 1:40 150.29 85.32 1.0a 1.0a

CIHR000491 High titer 1:160 1050.53 638.57 98.72b 109.33b

CIHR000496 1:160 2430.13 2293.58 116.80b 129.38b

CIHR000503 1:160 975.61 410.00 234.03 260.69

CIHR002076 ≥1:640 7917.66 2539.66 396.35b 712.25b

CIHR002309 ≥1:640 1762.11 481.23 118.67b 369.14

CIHR002774 ≥1:640 1267.43 723.59 263.02 378.93

aDenotes a ≥ 100-fold drop in ID50 compared to Wuhan D614G wild-type.
bDenotes a ≥ 10-fold drop in ID50 compared to Wuhan D614G wild-type.

TABLE 2 Neutralizing capacity of plasma collected in April/May 2020 against SARS-CoV-2 variants of concern by PRNT50

Specimen #
Wild-type titer
category

PRNT50

Wuhan
PRNT50

alpha
PRNT50

beta
PRNT50

gamma
PRNT50

delta

CIHR001226 Low titera <1:20 <1:20 <1:20 <1:20 <1:20

CIHR002290 1:20 1:40 <1:20 <1:20 1:20

CIHR002377 1:40 1:40 <1:20 1:20 1:40

CIHR000491 High titerb 1:160 1:320 <1:20c <1:20c 1:160

CIHR000496 1:320 1:320 1:40c <1:20c 1:160

CIHR000503 1:160 1:160 1:160 1:80 1:160

CIHR002076 1:640 1:640 1:160 1:320 1:640

CIHR002309 1:640 1:320 1:20c 1:160 1:160

CIHR002774 1:640 1:160 1:80c 1:40c 1:160

aAll low value specimens had a D614 wild-type PRNT50 (NML) of 1:40.
bCIHR000491, CIHR000496, and CIHR000503 had D614G wild-type PRNT50 results of 1:160 (NML). CIHR002076, CIHR002309, and CIHR0002774 had D614
wild-type PRNT50 results of 1:640 (NML).
cDenotes a > fourfold drop in PRNT50 titers compared to Wuhan wild-type.
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deemed high titer because they had wild-type PRNT50 of
1:640 (NML). For 2 of 3 low neutralizing titer specimens
[CIHR001226, CIHR002290, and CIHR002377, all with a
D614G wild-type PRNT50 of 1:40), there was at least a
100-fold decrease in ID50 beta compared to D614G wild-
type (Table 1). Similarly, 1 of 2 high neutralizing titer
specimens had at least a 10-fold decrease in ID50 gamma
compared to D614G wild-type (Table 1). Also, 1 of 3 low
neutralizing titer specimen had at least a 100-fold
decrease in ID50 gamma compared to D614G wild-type
(Table 1). There was no measurable change in ID50 alpha
compared to D614G wild-type (Table 1).

3.4 | Neutralizing capacity of plasma
collected in April/May 2020 against SARS-
CoV-2 VOC by PRNT50

As in Table 2, 2 of 3 high neutralizing titer specimens,
had at least a fourfold decrease in PRNT50 beta compared
to Wuhan wild-type. Also, 1 of 2 high neutralizing titer
specimens had at least a fourfold decrease in PRNT50

gamma compared to Wuhan wild-type (Table 2). There
was no measurable change in PRNT50 alpha and PRNT50

Delta compared to Wuhan wild-type. No measurable
change was defined as <fourfold change in PRNT50 com-
pared to Wuhan wild-type (Table 2).

4 | DISCUSSION

The purpose of this analysis was to evaluate the neutral-
izing capacity of stored plasma from wave 1 but not to
estimate seroprevalence in Canadian blood donors. Two
separate analyses have identified that the seroprevalence
within Canadian Blood donors in the period of April/
May 2020 was <1%.5, 6 Other work by members of this
group identified that direct binding assays for RBD could
potentially be used to pre-screen specimens for further
neutralization studies.8 For this study, a liberalization of
this approach selected specimens that were also positive
for anti-S positive regardless of the a-N. This data-driven
approach utilized cutoffs that were more liberal than pre-
viously described by our group and undertook a tiered
sampling of 113 (3.8%) of 3000 specimens.6 With this
approach, only 14 (12.4%) of the 113 specimens had a
measurable level of neutralizing activity against wild type
SARS-CoV-2 when measured by PRNT50. This low level
of neutralizing capacity within the first wave of the pan-
demic has previously been shown in convalescent plasma
donors.7, 8

There may be a variability in plasma specimens col-
lected from Canadian blood donors in the first wave to

neutralize beta and gamma variants. A Strasbourg cohort
of convalescent plasma collected prior to the emergence
of the VOC neutralized alpha but did show a reduction of
neutralizing capacity against beta and Delta variants.17, 18

This difference in activity against Delta may be a product
of the relatively small specimen numbers or neutraliza-
tion methodology. Furthermore, we did not have a Delta
construct available for neutralization in a pseudovirus
assay system. Convalescent plasma collected from
patients in the United States during the Spring of 2020
was able to effectively neutralize alpha but showed a
reduced neutralizing capacity against both beta and
gamma in separate studies.19

There are several caveats to this study including the
small number of specimens (1:40 [n = 3], 1:160 [N = 3],
≥1:640 [n = 3]) analyzed with nine of 14 available speci-
mens tested. Specimens with D614 wild-type PRNT50 of
1:20 and 1:320 were not tested because there were no
other specimens with equal PRNT50 values to allow for
duplicate or triplicate testing. Three specimens with D614
wild-type PRNT50 values of 1:80 were held in reserve and
not tested. There was also no Delta construct for the pseu-
dovirus assay system. This study was limited to Canadian
blood donors.20 Specimens were also collected from rou-
tine blood donors and not qualified convalescent plasma
donors in Canada.7 Data on donor infection and symp-
tom history were not available. This preliminary data can
be used as a justification for limiting the use of first wave
plasma products in upcoming clinical trials but cannot be
used to estimate general trends in the immunity of Cana-
dian blood donors to SARS-CoV-2.
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