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Background: With rapid approval of SARS-CoV-2 vaccines, the ability of clinical laboratories to detect
vaccine-induced antibodies with available high-throughput commercial assays is unknown. We aimed
to determine if commercial serology assays can detect vaccine-induced antibodies (VIAs) and understand
the vaccination response.
Methods: This cohort study recruited healthcare workers and residents of long-term care facilities (re-
ceiving the BNT162b2 and mRNA-1273 products, respectively) who underwent serum collection pre-
vaccination (BNT162b2 group), 2-weeks post vaccination (both groups), and pre-2nd dose (both groups).
Sera were tested for the presence of SARS-CoV-2 IgG using four commercial assays (Abbott SARS-CoV-2
IgG, Abbott SARS-CoV-2 IgG II Quant, DiaSorin Trimeric S IgG, and GenScript cPASS) to detect VIAs.
Secondary outcomes included description of post-vaccination antibody response and correlation with
neutralizing titers.
Results: 225 participants (177 receiving BNT162b2 and 48 receiving mRNA-1273) were included (median
age 41 years; 66–78% female). Nucleocapsid IgG was found in 4.1% and 21.9% of the BNT162b2 (baseline)
and mRNA-1273 (2-weeks post first dose). All anti-spike assays detected antibodies post-vaccination,
with an average increase of 87.2% (range 73.8–94.3%; BNT162b2), and 25.2% (range 23.8–26.7%;
mRNA-1273) between the first and last sampling time points (all p < 0.05). Neutralizing antibodies were
detected at all post-vaccine timepoints for both vaccine arms, with increasing titers over time (all
p < 0.05).
Conclusions: Anti-spike vaccine-induced SARS-CoV-2 IgG are detectable by commercially available high-
throughput assays and increases over time. Prior to second dose of vaccination, neutralizing antibodies
are detectable in 73–89% of individuals, suggesting most individuals would have some degree of protec-
tion from subsequent infection.
� 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

To date, the principal utility of SARS-CoV-2 IgG high throughput
serology assays has been to conduct seroprevalence studies for
large cohorts to aid public health decision-making [1,2]. Until
recently, all seroprevalence studies have examined detection of
antibodies from natural infection. While most vaccine candidates
produced detectable antibody levels on specific serological

http://crossmark.crossref.org/dialog/?doi=10.1016/j.vaccine.2021.08.022&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.vaccine.2021.08.022
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:jamil.kanji@ahs.ca
https://doi.org/10.1016/j.vaccine.2021.08.022
http://www.sciencedirect.com/science/journal/0264410X
http://www.elsevier.com/locate/vaccine


J.N. Kanji, A. Bailey, J. Fenton et al. Vaccine 39 (2021) 5563–5570
research assays in early phase trials [3–5], it is unclear how cur-
rently available high-throughput commercial assays will detect
vaccine-induced antibody in the clinical laboratory. In the case of
varicella, detection of vaccine-induced antibody is variable among
commercial kits compared to detection of antibodies produced
from natural infection, which are more robust [6].

SARS-CoV-2 neutralizing antibodies have been shown to predict
disease severity and survival [7]. There is also evidence of their
protective capacity in preventing infection in animal models and
humans [8–10]. These data corroborate evidence for neutralizing
antibody (nAb) protection in numerous viral infections including
yellow fever, encephalitis, dengue, mumps, influenza and others
[11]. To date, there is little data measuring the level of nAbs pre/
post-vaccination for SARS-CoV-2 nor how results compare with
vaccine efficacy and protection.

Currently approved non-viral vector SARS-CoV-2 vaccines in the
United States andCanada (BNT162b2andmRNA-1273products) con-
sist of lipid nanoparticles formulated nucleoside-modifiedmessenger
RNA (mRNA) [12,13]. Other vaccines approved in these countries
include the ChAdOx1-S (Canada only) and Ad.26.COV2.S (Canada
and the United States) products [14,15]. All formulations induce T-
cell activation andproduction of antibodies in response to in vivo pro-
duction of SARS-CoV-2 spike (S) protein following translation of the
synthetic nucleic acid component in human cells [3]. Antibodies
against the receptor binding domain (RBD) found in the S1 region of
the spike gene [3], anti-S1 protein IgG [3], aswell as neutralizing anti-
bodies [16,17] have been detected in response to vaccination.

We aimed to evaluate the ability of three commercial SARS-
CoV-2 IgG assays and one functional nAb test to detect and quan-
tify antibodies in two separate patient populations receiving their
first doses of the BNT162b2 and mRNA-1273 SARS-CoV-2 mRNA
vaccines. It was hypothesized that assays targeting non-spike pro-
teins (eg. nucleocapsid (N) protein) would screen positive only in
individuals who previously recovered from natural SARS-CoV-2
infection. It was further postulated that there could be a difference
between the IgG binding antibody total immune response versus
the nAb response to vaccination.
2. Methods

2.1. Participant sample collection

Serum samples were collected prospectively from two separate
patient groups undergoing COVID-19 vaccination. The first group
consisted of healthcare workers (HCWs) who received the
BNT162b2 vaccine series while the second group consisted of res-
idents of long-term care facilities who received the mRNA-1273
vaccine series. Herein the groups will be referred to as the
BNT162b2 and the mRNA-1273 groups, respectively.

Serum samples in the BNT162b2 group were planned to be
drawn at the following approximate time points: (i) at baseline
(defined as 24–72 h prior to the first dose, or up to five days post
the first dose of vaccine), (ii) 14 days post first dose of vaccine;
and (iii) within 24 h of the second dose of vaccine (either the
day before, day of, or day prior). Those in the mRNA-1273 group
were planned to have samples collected at approximately (i)
14 days and (ii) 21–28 days post first dose of vaccine (pre-2nd
dose). Due to the rapid roll out of vaccine in long-term care facili-
ties, none of the participants in the mRNA-1273 group had
baseline/pre-first dose samples collected.
2.2. Vaccine distribution

Details regarding Alberta COVID-19 vaccine distribution have
been outlined previously [18]. Briefly, given the need for storage
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at �70 �C, the BNT162b2 vaccine was provided to healthcare work-
ers (those working in areas of intensive care, emergency, care of
COVID-19 positive patients, and those working in long-term care)
at a centralized vaccine depot. The mRNA-1273 product was trans-
ported for administration to residents of continuing and long-term
care facilities (given ability to store at �20 �C) [18]. The two doses
of the BNT162b2 and mRNA-1273 products were administered
three and four weeks apart, respectively as per vaccine manufac-
turer recommendations.

Vaccine administration and allocation was directed as per
planned vaccine roll-out by provincial government health author-
ities and not by the researchers. Inclusion criteria to participate
this study comprised being 18 years or older, eligible for and
planned COVID-19 vaccine series. Participants who had recovered
from previous SARS-CoV-2 infection, who were on biologics or
other immunosuppressive medications, or who were pregnant
were included.

2.3. SARS-CoV-2 IgG detection

Samples were stored at �20 �C and underwent one freeze–thaw
cycle prior to undergoing batch testing (all thawed for the same
duration). Sera were tested for SARS-CoV-2 IgG using three high-
throughput commercial assays: Abbott Architect SARS-CoV-2 IgG
(IgG targeting the N-protein; qualitative result only) [19], Abbott
Architect SARS-CoV-2 IgG II Quant (IgG targeting the RBD-region
of the S-protein; quantitative result) [19], and DiaSorin Liaison (tri-
meric S-protein assay targeting the S1/S2 regions of the S-protein;
quantitative result) [20]. In addition, we evaluated the presence of
SARS-CoV-2 nAbs using the GenScript cPass Neutralization anti-
body detection kit (Table S1) [21,22]. All testing was done accord-
ing to product inserts and qualitative and quantitative values
(where available) were recorded for each assay. Only the assay
by GenScript has a claim to detect nAbs.

2.4. Data analysis

Baseline demographics of all participants were extracted from
the provincial electronic medical record (EMR) (Table S1). Contin-
uous variables were compared using Mann-Whitney tests while
categorical variables were compared using Chi-square or Fisher’s
exact tests. All statistical analysis and graphing were done using
Stata version 16.1 (StataCorp, College Station, USA) or GraphPad
Prism version 9.2.0 (GraphPad Software, San Diego, USA).
3. Results

3.1. Population demographics

Serum from 225 participants who received an mRNA COVID-19
vaccine (177 receiving the BNT162b2 and 48 receiving mRNA-
1273) (Table 1) was collected at up to three timepoints. The med-
ian age of all the participants was 41 years (with the mRNA-1273
having a significantly higher median age; 84 vs 37 years). The
majority of participants in each group were female (66.7–78.1%).
The median time between receipt of vaccine dose 1 and dose 2
for both groups was 25–26 days. A significantly higher proportion
of mRNA-1273 participants had recovered from confirmed SARS-
CoV-2 infection (33.3 vs 3.4%). Two participants in the BNT162b2
group were diagnosed with COVID-19 after receipt of their vaccine
(one diagnosed seven days after the first dose; the other nine days
after the second dose). Medical comorbidities were more com-
monly seen in the mRNA-1273 group. In total, five participants
were being treated with biologics or immunosuppressive
medications.



Table 1
Demographics by type of vaccine administered.

Total BNT162b2 group mRNA-1273 group p-valuea

N (%) 225 (100) 177 (78.7) 48 (21.3)
Median Age (years; IQR) 41 (31–55) 37 (30–48) 84 (75.5–90.5) <0.001
Gender (%) 0.11
Male 55 (24.4) 39 (22.0) 16 (33.3)
Female 170 (75.6) 138 (78.0) 32 (66.7)
Time between dose 1 and dose 2 of vaccine (days)
Median (IQR) 26 (25–27) 26 (25–28) 25 (24–26) <0.001
Recovered from COVID-19 22 (9.8) 6 (3.4) 16 (33.3) <0.001
Of these:
COVID-19 occurred prior to first vaccine dose (%) 20 (90.9) 4 (66.7) 16 (100) 0.02
Time from COVID-19 diagnosis to first vaccine dose (median, range, days) 45 (30.5–73) 45.5 (36–82) 43 (30.5–73) 0.54
COVID-19 occurred after first vaccine dose (%) 2 (0.9) 2 (33.3) 0 –
Time from first dose to COVID-19 diagnosis (range, days) 20.5 (7–34) 20.5 (7–34) 0 –
Any Co-Morbidity or Immunosuppression (%) 45 (20.0) 9 (5.1) 36 (75.0) <0.001
Cardiac Disease (%) 27 (12.0) 0 27 (46.3) <0.001
Diabetes (%) 12 (5.3) 3 (1.7) 9 (18.8) <0.001
Solid Cancer (%) 5 (2.2) 1 (0.56) 4 (8.3) 0.008
Hematological Cancer (%) 1 (0.44) 1 (0.56) 0 1.00
Asthma (%) 1 (0.44) 1 (0.56) 0 1.00
Renal Disease (%) 5 (2.2) 0 5 (10.4) <0.001
COPD (%) 8 (3.6) 0 8 (16.7) <0.001
Dementia (%) 22 (9.8) 0 22 (45.8) <0.001
Transplant (%) 0 0 0 –
Biologic or immunosuppressant useb (%) 5 (2.2) 4 (2.3) 1 (2.1) 1.00
Pregnant (%) 0 0 0 –

Abbreviations: COPD – chronic obstructive pulmonary disease; IQR – interquartile range.
a p-value comparing BNT162b2 and mRNA-1273; calculated by Mann-Whitney test for age, time between vaccine dosese and time from COVID-19 diagnosis to first vaccine

variables, and chi-square or Fisher’s exact test for remaining variables.
b Between both groups, five participants were considered immunosuppressed. In the BNT162b2 group, four participants were using biologics (adalimumab, daratumumab/

bortezomib, dupilumab, infliximab) for ankylosing spondylitis (n = 1), relapsed/refractory multiple myeloma (n = 1), atopic dermatitis (n = 1), and inflammatory bowel
disease (n = 1). One participant in the mRNA-1273 group used methotrexate for rheumatoid arthritis. Dupilumab is considered to have a low potential for
immunosuppression.
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3.2. Anti-nucleocapsid IgG detection

IgG directed towards the SARS-CoV-2N-protein was found in
3.6–5.4% and 18.9–21.9% of the BNT162b2 and mRNA-1273
groups, respectively (Fig. 1). Over the course of the blood sampling
times in each group, the positive rate for anti-N IgG detection did
not change significantly from the baseline to pre-2nd dose sample
(p = 0.86; BNT162b2 group) and from the 2-week and pre-2nd dose
samples (p = 0.76; mRNA-1273 group) in either group.

In the BNT162b2 group, all four participants who were COVID-
19 recovered prior to their first dose had a detectable anti-N IgG
(Table S2). One of four lost their anti-N IgG when tested two-
weeks post first vaccine dose (60 days post diagnosis). 85.7%
(6/7) COVID-19 recovered participants in the mRNA-1273 group
had detectable anti-N IgG at 2-weeks post first vaccine dose
(Table S3) with no detectable anti-N IgG in 44.4% (4/9) participants
just prior to receiving their 2nd vaccine dose.
3.3. Anti-spike IgG and neutralizing antibody detection and
quantification

The antibody positivity rate for all three S-protein based com-
mercial assays (RBD IgG, Trimeric S IgG, and GenScript nAb)
increased on average by 87.2% (range 73.8–94.3%) between base-
line and the 2-week samples in the BNT162b2 group, reaching
levels of > 88% positivity (p < 0.0001 for each assay) just prior to
the second vaccine dose (Fig. 1). Similarly, large positivity
increases between 23.8 and 26.7% were observed between the 2-
week post-first dose and pre-2nd dose time points in the mRNA-
1273 group with overall increases of > 50% and > 70% positivity
at the two time points respectively, p < 0.05 for all comparisons
(Table 2). For both time points and with both vaccines the number
of participants who were positive for nAbs was significantly lower
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than those who were positive for IgG binding antibodies by a factor
of 10% to 20% (Fig. 1).

Quantifiable titers of antibodies detected by each assay were
detectable at all time points and increased significantly over time
in both vaccine groups (Table 2 and Fig. 2). In the BNT162b2 group,
titers increased by 1.8, 1.2, and 1.8-fold for the RBD IgG, Trimeric S
IgG, and GenScript nAb assays respectively, from the 2-week blood
sampling to the samples drawn just prior to the participants’ 2nd
dose (with a median number of 11 days between blood draws).
Higher-fold titer increases (3.5, 4.1, and 4.5-fold respectively) were
seen in the mRNA-1273 participants between blood sampling at
similar time points (p = 0.06 for RBD IgG and p < 0.05 for Trimeric
S IgG and nAb assays) (median seven days between blood draws)
(Table 2 and Fig. 1). Titer values for a given group and time point
were distributed across varying IQRs despite being all classified
as positive (Fig. S1). Mean titer values for anti-spike and nAb for
both vaccine groups increased from baseline over time (Figs. S2
and S3).

3.4. Post vaccine testing in special populations

Quantitative titers in the mRNA-1273 group were found to be
significantly higher among participants who were COVID-19
recovered compared to those with no history of laboratory-
confirmed COVID-19 infection (Table S4; p < 0.001 for all assays
at both time points). This was observed for the two commercial
anti-S IgG assays as well as the nAb assay used. This comparison
was made only in the mRNA-1273 group given all COVID-19 recov-
ered participants received their first dose of vaccine > 14 days from
the date of their COVID-19 diagnosis.

Our sample included a small number of participants (n = 5; four
from the BNT162b2 group) on biologic or immunosuppressant
therapy (Table S5). Four had no evidence of previous COVID-19
infection at baseline. In the group of four (who all received the



Fig. 1. Positivity rates of each assay tested for each group at different time points. Positivity rates are presented in (%). aBaseline versus 2 weeks comparison (BNT162b2):
p = NS (Nucleocapsid IgG); p < 0.0001 (RBD IgG, Trimeric S IgG, and nAb assays). b2-week versus pre-2nd dose comparison (BNT162b2): p = NS for all assays cAll p-values
comparing baseline to pre-2nd dose (BNT162b2) vaccine were < 0.0001, except for nucleocapsid IgG (p = 1.0). d2-weeks versus pre-2nd dose comparison (mRNA-1273):
p = NS (Nucleocapsid IgG); p < 0.01 (RBD IgG); p < 0.05 (Trimeric S IgG and nAb assays).

Table 2
Quantitative titers of testing using commercial assays.

Group Blood sample timepoint Quantitative titersa

RBD IgG Titer (AU/mL) Trimeric S IgG Titer (AU/mL)c nAb Titer (ng/mL)

BNT162b2 Baseline 0b (0–1296.6) 1.85b (1.85–176) 0b (0–1634.7)
2-weeks 653.3 (300.4–1497.5) 166 (82.6–272) 355.7 (161.6–567.5)
Pre-2nd dose 1180 (687.–2135.2) 195 (138–318.5) 628.6 (397–954.6)

mRNA-1273 2-weeks 157.7 (22.6–4083.5) 27.6 (2.1–235.5) 85.6 (0–462.4)
Pre-2nd dose 557.3 (167.9–8210.6) 112 (34.5–764) 381.1 (11.9–8802.8)

P-values
BNT162b2d Baseline vs. 2 weeks <0.0001 <0.0001 <0.0001

2 weeks vs. Pre-2nd dose <0.0001 <0.05 <0.0001
mRNA-1273 2 weeks vs Pre-2nd dose 0.06 <0.01 <0.05

a Expressed as median value (IQR), except for BNT162b2 baseline samples.
b Expressed as median value (range) due to low numbers of positive samples.
c According to product insert, titers < 13 AU/mL (negative) and � 13 AU/mL (positive).
d All p-values comparing baseline to pre-2nd dose for the BNT162b2 vaccine < 0.0001, except for Nucleocapsid IgG where p-value = 1.0; NS = Not Significant.

J.N. Kanji, A. Bailey, J. Fenton et al. Vaccine 39 (2021) 5563–5570
BNT162b2 vaccine), quantitative anti-S IgG/nAb were detected at
2-weeks (4/4) whereas only two samples gave detectable levels
of neutralizing antibodies and the other two were close to baseline.
The absolute values of quantitative titers were comparatively lar-
ger for the one participant who was COVID-19 recovered (mRNA-
1273 group).

4. Discussion

In this study, we demonstrate that vaccine-induced antibodies
stimulated by FDA approved SARS-CoV-2 mRNA vaccines
(BNT162b2 and mRNA-1273) can be detected by commercial
high-throughput assays currently used in clinical laboratories. As
predicted, detectable antibody was restricted to assays identifying
IgG directed against the viral S-protein, and not against the nucle-
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ocapsid protein. Anti-spike vaccine-induced antibodies were
detectable as early as ten days following the first dose of an mRNA
vaccine. Titers increased significantly over the three-week period
from baseline sampling to pre-second dose sampling. Vaccine-
induced nAbs targeting the SARS-CoV-2 spike protein were suc-
cessfully detected, using a surrogate virus neutralization test
(sVNT) kit without the use of cell lines and viral culture required
for plaque reduction neutralization assays (PRNT) supporting pro-
tective immunity [7,8,10,23]. However, there were significantly
less participants with detectable nAbs post-vaccination as those
with a binding antibody IgG response.

To our knowledge, detection of vaccine-induced antibodies
using commercial high-throughput SARS-CoV-2 anti-S IgG assays
has been limited to a partnership between Roche� and Moderna�

demonstrating detection of mRNA-1273 vaccine-induced antibod-



Fig. 2. Quantitative testing results from time of first vaccine dose for each vaccine group using the nAb assay (panels a and b); Trimeric S IgG assay (panel c); and RBD IgG
assay (panels d and e). Panel (b) presents panel (a) results with y-axis limited to maximum titer of 6000 ng/mL. Panel (e) presents panel (d) results with a shortened y-axis
(max titer 5000 AU/mL).
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ies using the Elecsys anti-SARS-CoV-2 S test [24] two other studies
[25,26]. Our current study adds to the literature by confirming the
detection of these IgG binding and also functional nAbs using com-
mercial kits from other companies likely to be adopted by large
volume clinical laboratories.
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Overall, our data demonstrate significant increases in the med-
ian titer of anti-S IgG by all assays evaluated in both mRNA vaccine
groups, except for the RBD IgG among the mRNA-1273 group
which did not measure levels from baseline but only from two
weeks post vaccination. Given the lack of an international
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standard, antibody titers can only be directly compared between
successive samples measured on the same assay run [27]. How-
ever, when samples from participants in the same vaccine group
on the same assay were compared, wide IQRs of titer values were
observed (Table 2; Fig. S1). The observed variation is likely multi-
factorial, and dependant on history of previous SARS-CoV-2 infec-
tion, use of immunosuppressive medications, advanced age, and
frailty [28]. There is limited data to conclude whether the differing
titers in participants in the same group (classified qualitatively as
positive), assay, and time-point of sampling, translates to clinical
differences in response to infection. For other vaccines, such as
hepatitis B and varicella, an initial antibody response following
first vaccine dose generally translates into protection from subse-
quent infection [29,30]. However, protection is derived from both
humoral and cell-mediated responses, of which only humoral is
detected by the commercial high throughput EIAs [29,30].

For other viral infections including SARS-CoV-2, there is signif-
icant evidence that nAbs are correlated to protection and immu-
nity [7,11]. Animal challenge studies have provided conclusive
evidence for nAb protection to SARS-CoV-2 [23]. nAbs have also
been successfully tested in humans to treat the disease [31]. When
comparing the prevalence of neutralizing and IgG antibodies from
SARS-CoV-2 infected and recovered individuals, the prevalence of
nAbs was comparable to IgG binding antibodies and to gold stan-
dard PRNT [32]. However, we found a significantly lower fraction
of participants elicited protective nAbs compared to those with
IgG antibodies. A potential explanation is RBD IgG and trimeric S
IgG assays measure total binding antibodies, but are unable to dif-
ferentiate between nAbs and non-nAbs that also bind to the S-
protein [33]. Several studies comparing surrogate nAb assays to
traditional methods (PRNT) have found them to be effective prox-
ies for detection and quantification of immunodominant nAbs seen
in SARS-CoV-2 infection, specifically RBD-targeting nAbs
[22,33,34]. Encouragingly, at the final study blood draw (pre-
second vaccination dose), nAbs were detectable in 73–89% of sam-
ples tested from both vaccine groups. Although the prevalence of
nAbs remained significantly lower than total binding IgG’s, the
data support that the majority of individuals would have at least
some protection from subsequent infection prior to the second
dose, particularly as detection of nAbs has been previously corre-
lated with vaccine efficacy [35,36]. However, these data underline
a cautionary note in that up to 27% of vaccinated individuals did
not have protective nAbs prior to the second dose and should
remain vigilant in exercising protective public health measures
to limit viral spread.

In a post-COVID-19-vaccination era, it may not be necessary to
differentiate between vaccine induced antibody responses and nat-
ural infection. Although we found, at baseline, a number of COVID-
19 recovered participants had detectable anti-N IgG (which would
confirm previous infection), 30% were undetectable by the pre-
second dose blood draw (Table S2 and Table S3). This may be
due to a number of factors including, the severity of the initial
SARS-CoV-2 infection [37], the specific anti-N IgG assay used
[38], the natural decline of N antibodies overtime [39], or possible
immune modulation from the vaccine, where the abundance of
antibodies produced switched from anti-N following natural infec-
tion to anti-S antibodies following vaccination.

To effectively compare antibody titers (across vaccine groups
and assays), a quantitative reference standard and a robust corre-
lation with nAbs is needed for commercial assays to accurately
assess the effectiveness of vaccine responses. It will be important
for clinical laboratories to identify that vaccine induced antibodies
can be detected for each vaccine, and work with public health part-
ners to understand the best use for serological testing. Current
guidelines [40,41] do not recommend clinical serology testing pre
or post-vaccination, however these recommendations may change
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over time with more study. A further understanding of the
population-based efficacy and longevity is required to structure
recommendations for individualized post-vaccine serology testing
in clinical decision making.

Although sample sizes were low, we observed in the mRNA-
1273 group that vaccine-induced antibody responses titers of all
three quantitative assays were significantly higher at all time
points in participants who recovered from confirmed COVID-19
infection (Table S4). Similar findings have been reported from sev-
eral other research groups where post-vaccination titers were 10–
20 times higher in COVID-19 recovered individuals [42,43]. This is
attributable to those participants receiving the mRNA-1273 vac-
cine were more likely to be COVID-19 recovered, as they resided
in several continuing care facilities which had experienced multi-
ple outbreaks of SARS-CoV-2 prior to widespread vaccination. Fur-
thermore, the responses prior to the second dose of vaccine in
COVID-19 recovered participants also exceeded the titers of those
from the SARS-CoV-2 naïve participants by 10-fold. This has led
to early recommendations by some governments to consider pro-
viding only a one-dose primary series in COVID-19 recovered indi-
viduals [44].

For the four participants on immune suppressive treatment
who were not previously SARS-CoV-2 infected, a marked difference
between nAb and IgG response to vaccination was observed.
Although the participants in this group all produced measurable
IgG’s two weeks after receiving the first vaccine dose, only two
gave measurable nAb levels and the remaining two were just above
the detection limit. These data underline the importance of assur-
ing immune protection to SARS-CoV-2 in this highly susceptible
subpopulation of immunocompromised individuals.

The major limitation of the study is the administration of differ-
ent mRNA vaccine products to groups that differ significantly in
both age and medical co-morbidities. This limits comparison of
the titer response between the two, and was a decision by the
provincial health authority. Thus the lower titers seen in the
mRNA-1273 group could be also attributed to the tendency for
elderly patients to mount less of an immune response to vaccines
[45]. Another limitation in our findings is that they only demon-
strate the production of vaccine-induced antibodies in response
to mRNA COVID-19 vaccines and their quantification. Correlations
of specific titer levels to protection or vaccine efficacy cannot be
made as the study is not designed or powered for this purpose.
As the BNT162b2 and mRNA-1273 vaccines are different products,
it is difficult to comment on the difference in median titers seen for
the same time points on the same assay (which was observed in
general to be lower in the mRNA-1273 group, despite a higher pro-
portion of COVID-19 recovered individuals). This may reflect differ-
ing median ages of the two groups or alternatively be reflective of
responses to varying vaccine products which is an artifact that
could be corrected with an international standard for COVID-19
serology.
5. Conclusions

We have shown that currently available commercial assays for
detection of anti-spike IgG binding antibodies were successfully
able to detect vaccine induced antibodies in the vast majority of
vaccinated participants. In general, anti-spike IgG binding antibody
titers increased overtime, while anti-nucleocapsid antibodies
declined. There was a marked difference in the proportion of par-
ticipants eliciting protective nAbs for both vaccines and at all time
points after the first dose underlining the difference between a
general binding IgG and a functional neutralizing response corre-
lating to protection. Just prior to the second dose of vaccination,
most samples had detectable neutralizing antibodies. However, a
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significant subpopulation did not produce nAbs which underlines
the importance of the continued practice of SARS-CoV-2 infection
preventive measures after the first vaccine dose at least for those
individuals with no detectable levels of nAbs.
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