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Background: In North America, both messenger RNA (mRNA) vaccines, Pfizer-BioNTech BNT162b2, and

Moderna mRNA-1273, each utilizing a 2-dose regimen, have started to be administered to individuals.

Methods: We evaluated the quantitative serologic antibody response following administration of either a single

dose or both doses of an mRNA severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) vaccine in a cohort

of 98 participants (88 healthcare workers [HCW] and 10 solid organ transplant [SOT] recipients). Antibody levels

were compared across 3 immunoassays: Elecsys Anti-SARS-CoV-2 S (Roche Diagnostics), SARS-CoV-2 TrimericS IgG

(DiaSorin), and SARS-CoV-2 IgG II Quant (Abbott).

Results: Among HCW, sensitivity ranged from 100% (Roche), 99% (Abbott) and 98% (DiaSorin). The SARS-CoV-2

IgG II Quant and SARS-CoV-2 TrimericS IgG assays showed good agreement with a Pearson correlation coefficient

of R¼0.95. Pearson correlation coefficients of R¼0.82 and 0.83 were obtained for Elecsys Anti-SARS-CoV-2 S vs

SARS-CoV-2 TrimericS IgG and SARS-CoV-2 IgG II Quant vs Elecsys Anti-SARS-CoV-2 S, respectively. Significant differ-

ences in antibody levels between HCW and SOT recipients were observed. A decrease in antibody levels from time

of vaccine administration to blood draw was evident. Among those with a second dose, an increase in antibody

levels with increased time between administration of the first and second dose was observed.

Conclusions: The absolute values generated from each of the assay platforms are not interchangeable.

Antibody levels differed with increased time between vaccine administration and with increased time between ad-

ministration of the first and second dose. Further, significant differences in antibody levels between HCW and SOT

recipients were observed.

INTRODUCTION

Severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) is a single stranded RNA virus that
emerged in late 2019 and is the causative agent of

the current coronavirus disease 2019 (COVID-19)
pandemic (1). The enveloped virus contains 4 pri-
mary structural proteins including the spike (S),
membrane, envelope, and nucleocapsid (N) pro-
teins, all encoded within the virus’s 3’ end (2). The
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receptor binding domain (RBD), located within the
S1 region of the S protein, is key to infection as it
binds the angiotensin-converting enzyme 2 recep-
tor on host cells (3, 4). Upon infection, the host
generates an immune response to the virus, in-
cluding the production of IgG and IgM antibodies,
which can be produced simultaneously (5).
Given the severity and rate at which the virus

has spread throughout the globe, extensive
efforts were quickly devoted to the development
of a vaccine against SARS-CoV-2. Currently, the
Food and Drug Administration has approved 2
messenger RNA (mRNA) vaccines for emergency
use: BNT162b2 from Pfizer-BioNTech and mRNA-
1273 from Moderna (6). These vaccine platforms
utilize a 2-dose approach to produce high levels
of binding and neutralizing antibodies against the
virus’s S protein to generate an immune response
(7). Serology immunoassays have been developed
to detect the generation of such antibodies to de-
tect past exposure and/or vaccine response;
approaches include either the detection of differ-
ing antigens such as the N vs S protein or immu-
noglobulin isotypes such as IgM, IgG, or total
antibody levels (8).
In response to challenges in vaccine supply and

in an effort to maximize early impact, delayed ad-
ministration of the second dose has been sug-
gested and implemented by public health officials

to increase the number of people receiving the
first dose (9). In the current study, we evaluated
the antibody response following administration of
either a single dose or both doses of the mRNA
vaccine in a cohort of 98 participants (healthcare
workers [HCW] and solid organ transplant [SOT]
recipients) across 3 different commercially avail-
able platforms, the Elecsys Anti-SARS-CoV-2 S total
antibodies (Roche Diagnostics), SARS-CoV-2
TrimericS IgG (DiaSorin), and SARS-CoV-2 IgG II
Quant (Abbott), all of which quantify antibodies
directed against the RBD of the SARS-CoV-2 S
protein.

MATERIALS AND METHODS

Clinical Specimens

This study was approved by the Institutional
Review Board at the University Health Network
(Toronto, ON, Canada). Informed, written consent
from all participants was obtained. A selection cri-
terion was set such that only those who had re-
ceived at least their first dose �3weeks prior to
blood draw were included in the study. In total, 98
serum samples from 88 HCW and 10 SOT recipi-
ents were collected. All 88 HCW received the
Pfizer-BioNTech BNT162b2 vaccine with 39 indi-
viduals having their serum sample collected after

IMPACT STATEMENT

With increasing availability of vaccinations against severe acute respiratory syndrome coronavirus 2 (SARS-

CoV-2), it is important to compare the clinical performance of serological assays that detect antibodies to

SARS-CoV-2. In this study, we compare the antibody levels from 98 participants across the Elecsys Anti-SARS-

CoV-2 S (Roche Diagnostics), SARS-CoV-2 TrimericS IgG (DiaSorin), and SARS-CoV-2 IgG II Quant (Abbott) plat-

forms. Good agreement was observed between Abbott and DiaSorin assays, and sensitivity ranged from

100% (95% CI 96–100%) for Roche, 99% (95% CI 94–100%) for Abbott, and 98% (95% CI 92–100%) for

DiaSorin among the HCW cohort.
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their first dose (21 to 62days post first dose) and
49 individuals provided samples after their second
dose (26 to 51days post second dose). Of the 10
transplant recipients included in the study, 5 re-
ceived both doses of the Pfizer-BioNTech
BNT162b2 vaccine (25–40 days post second
dose), and 5 received both doses of the Moderna
mRNA-1273 vaccine (samples were drawn on the
date of the second dose).

Measurement of SARS-CoV-2 Quantitative
Antibody Levels in Serum

All serum samples were analyzed using the
Elecsys anti-SARS-CoV-2 S total antibodies assay
on the cobas e411 (Roche Diagnostics), the
LIAISON SARS-CoV-2 TrimericS IgG assay on the
LIAISON XL (DiaSorin), and the SARS-CoV-2 IgG II
Quant on the Architect i2000 (Abbott). The sam-
ples were measured in multiple batches across
the same reagent and calibrator lots. All assays
are referenced to the First World Health
Organization International Standard for anti-SARS-
CoV-2 immunoglobulin. The Elecsys anti-SARS-
CoV-2 assay is a double-antigen sandwich electro-
chemiluminescence immunoassay intended for
the quantitative detection of total antibodies to
the RBD of the SARS-CoV-2 S protein. A concentra-
tion of <0.80 U/mL was considered negative and
�0.80 U/mL was considered positive. The preci-
sion (%CV) ranged from 1.9% to 3.4%. The
LIAISON SARS-CoV-2 TrimericS IgG assay uses
chemiluminescent immunoassay technology for
the quantitative detection of antitrimeric S protein
IgG-specific antibodies. A concentration of <33.8
BAU/mL was considered negative and �33.8 BAU/
mL was considered positive. The precision (%CV)
ranged from 0% to 4.2%. The SARS-CoV-2 IgG II
Quant assay is a chemiluminescent microparticle
immunoassay for the quantitative determination
of IgG antibodies against the RBD of SARS-CoV-2.
A concentration of <50AU/mL was considered
negative, and �50AU/mL was considered positive.
In addition, samples were analyzed using the

qualitative SARS-CoV-2 IgG assay that targets the
N protein on the Architect i2000 (Abbott) to as-
sess past exposure of participants to SARS-CoV-2.
Results are reported as a signal-to-calibrator ratio
(S/C), with <1.40 index (S/C) considered negative
and �1.40 index (S/C) considered positive. The
precision (%CV) ranged from 1.5% to 1.7%. For
samples over the upper analytical measuring
range, manual and/or onboard dilutions were per-
formed with manufacturer recommended diluent
according to the manufacturer’s instructions.

Statistical Analysis

Statistical analysis was performed using
GraphPad Prism version 8.4.3 (GraphPad
Software) and EP Evaluator version 11.3.0.23
(Data Innovations LLC). Normality was assessed
using a Shapiro-Wilk test. Data were considered to
follow a normal distribution if a P-value of >0.05
was obtained. Statistically significant differences
were determined using a Mann-Whitney test or
Kruskal-Wallis test for nonparametric data. P-val-
ues of <0.05 were considered statistically signifi-
cant. Passing-Bablok regression was used to
assess the correlation between platforms. A chi-
square test was used to compare between-group
proportions of values above a given threshold.

RESULTS

A total of 98 participants provided samples be-
tween January 4 to April 20, 2021, as shown in
Table 1. There were 65 participants who were fe-
male (66%) and 33 who were male (34%), with a
median age of 45 years (range from 22–84 years
of age). No statistically significant antibody con-
centration differences were observed between
sex or age on either of the 3 assays following the
first or second dose (data not shown). Of all partic-
ipants, 3 were identified to have had a previous
SARS-CoV-2 infection as identified by the Abbott
SARS-CoV-2 IgG assay, which allows for the
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qualitative detection of antibodies to the N pro-
tein, thus indicating a recent or prior infection.
Two of these participants had received the first
dose, whereas 1 participant received both doses.
These individuals are shown as the filled symbol in
all figures. Correlation analysis of the absolute val-
ues indicated that the Abbott and DiaSorin assays
are in good agreement with a Pearson correlation
coefficient of R¼ 0.95 (data not shown), as both
assays measure the IgG antibody levels.
Conversely, Pearson correlation coefficients of
R¼ 0.82 and 0.83 were obtained for Roche (total
antibodies) vs DiaSorin and Abbott vs Roche (total
antibodies), respectively.
Among the 88 HCW, using the predefined

assay-specific thresholds for reporting the test re-
sult as positive or negative, all 88 had antibody lev-
els considered as positive by Roche (sensitivity ¼
100%, 95% CI 96%–100%), 86 were considered
positive by DiaSorin (sensitivity ¼ 98%, 95% CI
92%–100%), and 87 considered positive by Abbott
(sensitivity ¼ 99%, 95% CI 94%–100%) as shown in
Table 2. Sensitivity was also calculated for HCW
who received either a single dose or both doses
of the Pfizer-BioNTech BNT162b2 vaccine (online
Supplemental Table 1). Notably, all 3 assays cor-
rectly identified the 49 individuals who received
the second dose as positive (100% sensitivity).

Among the HCW who received the first dose,
the interquartile range (IQR) was 39.9 to 162.8
U/mL with a median of 81.4 U/mL (Roche anti-S),
IQR 228.8 to 735.8 BAU/mL with a median of 403
BAU/mL (DiaSorin anti-S), and IQR 668.4 to
1662 AU/mL with a median of 1145AU/mL
(Abbott anti-S). In comparison, among the individ-
uals who received both doses, IQR was 629.3 to
6270 U/mL with a median of 2678 U/mL (Roche
anti-S), IQR 1204 to 4534 BAU/mL with a median
of 2163 BAU/mL (DiaSorin anti-S), and IQR 6362
to 26443AU/mL with a median of 12403AU/mL
(Abbott anti-S). As shown in Fig. 1, A–C, for those
participants who received only the first dose,
decreases in antibody levels were observed with
increased time between first dose of the vaccine
administration and blood draw, a trend that was
observed across all 3 assays. Statistically signifi-
cant differences are observed between weeks 3
and 4 on all 3 assays (Roche anti-S: P¼0.040;
DiaSorin anti-S: P< 0.003; Abbott anti-S:
P<0.001). Given the small number of participants
in the >5weeks category, our study was under-
powered to detect a decrease in antibody levels.
However, similar results were obtained following
dose 2 administration (Fig. 1, D–F), where statisti-
cally significant differences were observed be-
tween weeks 4 and �5weeks on the Roche anti-S

Table 1. Characteristics of study participants.

Characteristics All participants HCWs Transplant recipients

N 98 88 10

Female, n (%) 65 (66) 62 (70) 3 (30)

Male, n (%) 33 (34) 26 (30) 7 (70)

Age, median (range) 45 (22–84) 44 (22–82) 61 (42–84)

Pfizer-BioNTech BNT162b2

Dose 1 only, n 39 39 0

Dose 2, n 54 49 5

Moderna mRNA-1273

Dose 1 only, n 0 0 0

Dose 2, n 5 0 5
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and DiaSorin anti-S as determined by Kruskal-
Wallis (Roche anti-S: P<0.0001; DiaSorin anti-S:
P¼0.012). While antibody levels trend downward
with Abbott anti-S, the difference was not statisti-
cally significant. Notably, similar to previous publi-
cations, participants with a past SARS-CoV-2
infection had antibody levels that were

considerably elevated compared to those with no
previous infection after receiving the first dose
(Fig. 1, A–C). Conversely, this was not observed in
the 1 participant with a previous SARS-CoV-2 in-
fection who had received both doses of the vac-
cine (Fig. 1, D–F). Differences in antibody levels
between HCWs who received either a single dose

Table 2. SARS-CoV-2 antibody titre interpretation on all healthcare workers analyzed on Roche,
DiaSorin, and Abbott Anti-S assays.

Positive Negative Sensitivity (95% CI)

Roche Anti-S 88 0 100 (96–100)

DiaSorin Anti-S 86 2 98 (92–100)

Abbott Anti-S 87 1 99 (94–100)

Fig. 1. Difference in SARS-CoV-2 antibody levels by time between dose and blood draw in 88 HCWs who
received either a single dose (A–C) or both doses (D–F) of the Pfizer BNT162b2 vaccine. Samples were
processed on the Roche anti-S (A, D), DiaSorin anti-S (B, E), and Abbott anti-S (C, F) assays. The dashed
line represents the predefined assay-specific thresholds for reporting the test results as positive. Filled
symbols are indicative of a participant with a prior infection and not included in statistical analysis.
Statistical significance (P<0.05) was determined using a Kruskal-Wallis test with Dunn’s multiple test
correction.
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or both doses and date of blood draw were
assessed. Significant differences were observed
(online Supplemental Fig. 1) at the 4-week time
point, with those with 2 doses having higher anti-
body levels than those with 1 dose.
Among the 49 HCW who received both doses

at time of blood draw, the time interval between
their first and second dose of the Pfizer-
BioNTech BNT162b2 vaccine was examined for
antibody concentration. Figure 2 demonstrates
that with increasing time interval between admin-
istration of the first and second dose, antibody
levels increase. This trend was observed with all 3
assays; however, the difference was only statisti-
cally significant on the Roche assay, where the
difference between 3weeks and �5weeks was
significant by Kruskal-Wallis (P<0.002). For the
participants in the �5weeks category, the days
between the first and second doses ranged from
35 to 39 days.
In addition to the studies in the HCW cohort, we

also obtained blood collections from SOT recipi-
ents (n¼10). As shown in Fig. 3, statistically signifi-
cant differences in antibody levels between the
HCW cohort and SOT recipients can be observed

across all 3 assays (Mann-Whitney test,
P<0.0001).

DISCUSSION

All 3 commercially available assays for quantita-
tive SARS-CoV-2 IgG and/or total antibodies tar-
geting the anti-S protein demonstrated a clinical
sensitivity >90% for identifying post-vaccine re-
sponse among the HCW and SOT cohort com-
bined. Sensitivity >98% was obtained among all 3
assays within the HCW group and the sensitivity
reached 100% when this cohort was restricted to
those with both vaccine doses administered. The
Abbott SARS-CoV-2 IgG II Quant and the LIAISON
SARS-CoV-2 TrimericS IgG assays showed good
correlation owing to the fact that both of these
assays target the IgG antibodies. The absolute val-
ues generated from each of the assay platforms
are not interchangeable as the test lacks stan-
dardization and harmonization. There was no sta-
tistically significant difference in antibody
response between males and females following the
first or second dose of the Pfizer-BioNTech
BNT162b2 vaccine across all platforms in our

Fig. 2. Difference in SARS-CoV-2 antibody levels by time between the first and second dose in 49 HCWs
who received both the first and second dose of the Pfizer-BioNTech BNT162b2 vaccine. Samples were
processed on the Roche anti-S (A), DiaSorin anti-S (B), and Abbott anti-S (C) assays. The dashed line rep-
resents the predefined assay-specific thresholds for reporting the test results as positive. Filled sym-
bols are indicative of a participant with a prior infection and not included in statistical analysis.
Statistical significance (P< 0.05) was determined using a Kruskal-Wallis test with Dunn’s multiple test
correction.
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cohort. Although there was no statistically signifi-
cant difference in antibody response with age, a de-
crease in antibody response was observed with
increasing age in HCWs who received either their
first or second dose of the Pfizer-BioNTech
BNT162b2 vaccine (data not shown). Our sample
size was small when further sub-analyses were per-
formed and part of not seeing a statistical signifi-
cance could be due to insufficient power to detect
a difference. In the current study, seropositivity
with the SARS-CoV-2 IgG assay against N protein
was interpreted as evidence of recent or prior
SARS-CoV-2 infection. We identified 3 participants
with previous SARS-CoV-2 infection. Of note, 2 indi-
viduals were found to have the highest antibody
levels following the first dose of the Pfizer-BioNTech
BNT162b2 vaccine across all platforms. This phe-
nomenon has also been reported by several other
studies (10, 11). Manisty et al. (12) showed that
among HCWs with previous SARS-CoV-2 infection,
vaccination increased anti-S levels, as detected us-
ing the Elecsys anti-SARS-CoV-2 S assay, more than
140-fold from peak pre-vaccine levels.
Presently, both mRNA vaccines are approved

for use as a 2-dose schedule given either 21days
or 28days apart (13). However, with limited vac-
cine supply, public health officials have extended
dose intervals for both the Pfizer-BioNTech
BNT162b2 and Moderna mRNA-1273 vaccines to

optimize early vaccine rollout and population pro-
tection (9). In the current study, HCWs that had an
extended period between their first and second
dose of the Pfizer-BioNTech BNT162b2 vaccine
had statistically significant higher antibody re-
sponse (Roche anti-S) (Fig. 2). Moreover, a statisti-
cally significant decrease in antibody response was
observed in HCWs whose antibody levels were
measured 5 weeks after receiving their second
dose compared to HCWs whose antibody levels
were assessed 4 weeks after receiving their second
dose of the Pfizer-BioNTech BNT162b2 vaccine
(Roche anti-S and DiaSorin anti-S). A statistically sig-
nificant decrease in antibody response was also
observed in HCWs whose antibody levels were
assessed 4 weeks after receiving their first dose of
the Pfizer-BioNTech BNT162b2 vaccine compared
to HCWs whose antibody levels were assessed 3
weeks post dose 1 across all platforms.
The safety of the SARS-CoV-2 mRNA vaccines in

SOT recipients is unknown as these individuals
were generally excluded from Phase 1 to 3 vaccine
trials (14, 15). In the current study, we observed a
significant difference in antibody response be-
tween HCWs and SOT recipients who received ei-
ther the first or second dose of the Pfizer-
BioNTech BNT162b2 or Moderna mRNA-1273
vaccine across all platforms (Fig. 3). This was sup-
ported by Boyarsky et al., who showed that SOT

Fig. 3. Antibody titers in HCWs (n5 88) versus transplant patients (n510) who received a SARS-CoV-2
vaccine. Samples were processed on Roche Anti-S (A), DiaSorin Anti-S (B), and Abbott Anti-S (C) assays.
The dashed line represents the predefined assay-specific thresholds for reporting the test results as
positive. Statistical significance (P<0.05) was determined using a Mann-Whitney test.
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recipients did not mount an appreciable anti-S an-
tibody response after receiving the first dose of ei-
ther the Pfizer-BioNTech BNT162b2 or Moderna
mRNA-1273 vaccines (16). This has also been ob-
served in the context of other vaccine programs.
Previous reports suggest that transplant recipi-
ents generate a less robust immune response to
vaccines compared with nontransplant patients
regardless of vaccine type (17). In fact, SOT recipi-
ents have relative humoral response rates that
are approximately 50% to 70% of those seen in
nontransplant populations (18, 19), which sup-
ports the findings of the current study.
Interestingly, we found that 1 transplant recipient
had an elevated antibody titer compared to the
other transplant recipients. Boyarsky et al. showed
that transplant patients receiving antimetabolite
maintenance immunosuppression therapy were
less likely to develop an antibody response than
those not receiving such immunosuppression
therapy. In addition, the authors found that older
transplant recipients were less likely to develop an
antibody response (16). This may explain why we
observed different vaccine responses among
transplant recipients.
This study has several limitations. First, the 3 se-

rological assays examined are not measuring neu-
tralizing antibody titers, and therefore we cannot
comment on how these levels correlate with pro-
tective immunity. Next, the study lacks serial mea-
surement post vaccination over a longer period of
time. As such, we were unable to assess antibody

response over time post first or second dose. In
addition, we looked at a relatively small cohort of
individuals; however, our objective was to com-
pare the performance of these 3 commercially
available assays in this specific cohort.
With increasing availability of vaccinations

against SARS-CoV-2, it is important to compare the
clinical performance of serological assays that de-
tect antibodies to SARS-CoV-2. In this study, we
compare the antibody levels from 98 participants
across the Elecsys Anti-SARS-CoV-2 S (Roche
Diagnostics), SARS-CoV-2 TrimericS IgG (DiaSorin),
and SARS-CoV-2 IgG II Quant (Abbott) platforms.
All 3 assays, while not interchangeable, showed
sensitivity >90% in detecting vaccine response. We
demonstrate that antibody levels decrease with in-
creased time between vaccine administration and
blood draw for the first and second dose. In addi-
tion, our results show an increase in antibody lev-
els with increased time between administration of
the first and second dose. We also analyzed anti-
body levels in a small cohort of SOT patients for
comparison across the 3 assays. Our results show
significant differences in antibody levels between
our HCWs and transplant recipients.

SUPPLEMENTAL MATERIAL

Supplemental material is available at The Journal
of Applied Laboratory Medicine online.

Nonstandard Abbreviations: SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; COVID-19, coronavirus disease
2019; S, spike; N, nucleocapsid; RBD, receptor binding domain; mRNA, messenger RNA; HCW, healthcare workers; IQR, inter-
quartile range.
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