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Table 1: Rigor Adherence Table

Ethics

Consent: Participants provided el ectronic consent upon enrolment.

Inclusion and Exclusion Criteria

Study participants:For this investigation, we included participants who provided two blood samples after
receiving only two mRNA vaccines of the same type (either two doses of BNT162b2, or two doses of
MRNA-1273 vaccines).

Attrition

not detected.

Sex as abiological variable

The various factors included in the model were: participant age (years, continuous variable), female sex

at birth (vs. male); “racialized” (including those who self-described their ethnicity or race as South Asian,
Chinese, Black, Filipina, Latin American, Arab, Southeast Asian, West Asian, Korean, or Japanese) (vs.
whites)”; “BMI: 18.5 to <25kg/m2 (vs. others)”, “BMI = 25kg/m2 (vs others)”; “BNT162b2 vaccine (vs.
MRNA-1273)”; “short vaccine dosing interval (binary variable, “short” defined as a vaccine dosing interval

less than the median value); and past medical history (including covariates: hypertension, diabetes, asthma,
liver diseases, and cancer).

Subject Demographics

Weight: The various factors included in the model were: participant age (years, continuous variable), female
sex at birth (vs. male); “racialized” (including those who self-described their ethnicity or race as South Asian,
Chinese, Black, Filipina, Latin American, Arab, Southeast Asian, West Asian, Korean, or Japanese) (vs.
whites)”; “BMI: 18.5 to <25kg/m2 (vs. others)”, “BMI = 25kg/m2 (vs others)”; “BNT162b2 vaccine (vs.
MRNA-1273)"; “short vaccine dosing interval (binary variable, “short” defined as a vaccine dosing interval

less than the median value); and past medical history (including covariates: hypertension, diabetes, asthma,
liver diseases, and cancer).

Randomization

not detected.

Blinding

not detected.
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Power Analysis

not detected.

Replication

not required.




Table 2: Key Resources Table

assay20,21 to confirm eligibility;

(2) the quantitative Roche Elecsys
Anti-SARS-CoV-2 (S) (Roche
Diagnostics International Ltd,
Rotkreuz, Switzerland) assay for
measuring spike total antibody
concentrations; and (3) the Meso
Scale Discovery (MSD) V-PLEX
COVID-19 Coronavirus Pandl 2 1gG
assay for measuring 1gG to spike
and receptor-binding domain (RBD)
antigens.

Y our Sentences REAGENT or | SOURCE IDENTIFIER
RESOURCE
Antibodies

Serological Testing:We tested Anti-SARS-
samples with: (1) Elecsys Anti- CoV-2
SARS-CoV-2 (nucleocapsid) (nucleocapsid)
[Roche Diagnostics International .
Ltd, Rotkreuz, Switzerland] Anti-SARS-

CoVv-2

receptor-binding
domain (RBD)
antigens.

Study outcomes. The primary
outcome was total anti-spike antibody
concentrations (measured with the
Elecsys assay), and the secondary
outcomes were 1gG concentrations to
spike and RBD antigens (measured
with the VPLEX assay).

anti-spike

IAntibody concentrations (including:
total anti-spike, anti-spike 1gG

and anti-RBD 1gG antibody
concentrations) were presented

as geometric mean (GM) with
corresponding geometric standard
deviations (GSD).

anti-spike, anti-
spike 1gG

anti-RBD 1gG

SciScore is an automated tool that is designed to assist expert reviewers by finding and presenting
formulaic information scattered throughout a paper in a standard, easy to digest format. SciScore is
not a substitute for expert review. SciScore also checks for the presence and correctness of several
unique identifiers, including RRIDs (research resource identifiers) in the manuscript, detects sentences
that appear to be missing RRIDs, and can even suggest RRIDs under certain circumstances. All RRID
suggestions should be verified; only the author can know whether the suggestions are correct.

For afull description of scored criteriaand tips for improving your score, please see https://
Www.sci crunch.com/sciscorereport-faq
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The MDAR framework establishes a minimum set of requirements in transparent reporting applicable to studies
in the life sciences (see Statement of Task: doi:10.31222/0sf.0i0/9sm4x.). The MDAR checklist isatool for
authors, editors and others seeking to adopt the MDAR framework for transparent reporting in manuscripts

and other outputs. Please refer to the MDAR Elaboration Document for additional context for the MDAR
framework.
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Materials

Antibodies Yes (indicate where provided: page no/section/legend) n/a
For commercia reagents, provide supplier name, Y es, 6 antibodies detected, 0 RRID provided
catalogue number and RRID, if available : Anti-SARS-CoV-2 (nucleocapsid)
: Anti-SARS-CoV-2
. receptor-binding domain (RBD) antigens.
. anti-spike
. anti-spike, anti-spike 1gG
: anti-RBD 1gG
Please add identifiers for all resources where possible
Cel Materials Yes (indicate where provided: page no/section/legend) n/a
Cdll lines: Provide speciesinformation, strain. No cell lines detected
Provide accession number in repository OR supplier | pjease add identifiers for all resources where possible
name, catal og number, clone number, OR RRID
Primary cultures: Provide species, strain, sex of Not currently checked by SciScore
origin, genetic modification status.
Experimental Animals Yes (indicate where provided: page no/section/legend) n/a
Laboratory animals; Provide species, strain, sex, No organisms detected
age, genetic modification status. Provide accession | piease add identifiers for all resources where possible
number in repository OR supplier name, catalog
number, clone number, OR RRID
Animal observed in or captured from the field: Not currently checked by SciScore
Provide species, sex and age where possible
Model organisms: Provide Accession number in See laboratory animals section for information.
repository (where relevant) OR RRID
Plants and microbes Yes (indicate where provided: page no/section/legend) n/a
Plants: provide species and strain, unique accession | Not currently checked by SciScore
number if available, and source (including location for
collected wild specimens)
Microbes: provide species and strain, unique Not currently checked by SciScore
accession number if available, and source
Human resear ch participants Yes (indicate where provided: page no/section/legend) n/a

Identify authority granting ethics approval (IRB or
equivalent committee(s), provide reference number for
approval.

Not detected.

Provide statement confirming informed consent
obtained from study participants.

Participants provided electronic consent upon enrolment.

Report on age and sex for all study participants.
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Age:Not detected.

Sex: The various factors included in the model were:
participant age (years, continuous variable), female sex at
birth (vs. male); “racialized” (including those who self-
described their ethnicity or race as South Asian, Chinese,
Black, Filipina, Latin American, Arab, Southeast Asian,
West Asian, Korean, or Japanese) (vs. whites)”; “BMI: 18.5




Human resear ch participants

Yes (indicate where provided: page no/section/legend)

n/a

to <25kg/m2 (vs. others)”, “BMI Sex:=Sex: 25kg/m2 (vs
others)”; “BNT162b2 vaccine (vs. mMRNA-1273)"; “short
vaccine dosing interval (binary variable, “short” defined as a
vaccine dosing interval less than the median value); and past
medical history (including covariates: hypertension, diabetes,
asthma, liver diseases, and cancer).
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Design

Study protocol Yes (indicate where provided: page no/section/legend) n/a
For clinical trials, provide thetrial registration number | Not detected.
OR cite DOI in manuscript.
Laboratory protocol Yes (indicate where provided: page no/section/legend) n/a
Provide DOI or other citation detailsif detailed step- | Not detected.
by-step protocols are available.
Experimental study design (statistics details) Yes (indicate where provided: page no/section/legend) n/a
State whether and how the following have been done,
or if they were not carried out
Sample size determination not detected.
Randomization not detected.
Blinding not detected.
inclusion/exclusion criteria Study participants:For thisinvestigation, we included
participants who provided two blood samples after receiving
only two mRNA vaccines of the same type (either two doses
of BNT162b2, or two doses of mMRNA-1273 vaccines).
Sample definition and in-laboratory replication Yes (indicate where provided: page no/section/legend) n/a
State number of times the experiment wasreplicated | Not detected.
in laboratory
Define whether data describe technical or biological Not detected.
replicates
Ethics Yes (indicate where provided: page no/section/legend) n/a
Studies involving human participants. State detailsof | Not detected.
authority granting ethics approval (IRB or equivalent
committee(s), provide reference number for approval.
Studies involving experimental animals. State Not detected.
details of authority granting ethics approval (IRB or
equivalent committee(s), provide reference number for
approval.
Studies involving specimen and field samples: State if | Not detected.
relevant permits obtained, provide details of authority
approving study; if none were required, explain why.
Dual Use Research of Concern (DURC) Yes (indicate where provided: page no/section/legend) n/a

If study is subject to dual use research of concern,
state the authority granting approval and reference
number for the regulatory approval

Not currently checked by SciScore
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Analysis

Attrition Yes (indicate where provided: page no/section/legend) n/a
State if sample or data point from the analysisis not detected.

excluded, and whether the criteriafor exclusion were

determined and specified in advance.

Statistics Yes (indicate where provided: page no/section/legend) n/a
Describe statistical tests used and justify choice of Not detected.

tests.

Data availability Yes (indicate where provided: page no/section/legend) n/a
State whether newly created datasets are available, Not detected.

including protocols for access or restriction on access.

If data are publicly available, provide accession Not detected.

number in repository or DOI or URL.

If publicly available data are reused, provide accession | Not detected.

number in repository or DOI or URL, where possible.

Code availability Yes (indicate where provided: page no/section/legend) n/a

For all newly generated code and software essential
for replicating the main findings of the study:

number in repository, or DOI or URL.

State whether the code or software is available. Not detected.
If code is publicly available, provide accession Not detected.
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Analysis

Adherence to community standards

Yes (indicate where provided: page no/section/legend)

n/a

MDAR framework recommends adoption of
discipline-specific guidelines, established and
endorsed through community initiatives. Journals have
their own policy about requiring specific guidelines
and recommendations to complement MDAR.

State if relevant guidelines (eg., ICMJE, MIBBI,
ARRIVE) have been followed, and whether a
checklist (eg., CONSORT, PRISMA, ARRIVE) is
provided with the manuscript.

Not currently checked by SciScore
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Reviewer 1 Comments to Author:
11-month SARS-CoV-2 immunogenicity decay, and associated factors, among mRNA 2
vaccinees: Implications for Booster Vaccination

Title needs work. I don't think its the "immunogenicity" which decays over that period; i think
this is the incorrect terminology. Needs to be a bit snappier as well.

Response: We thank the reviewer for their thoughtful comments. We have revised the title
as suggested. See revised document attached.

Need to make sure that the raw data is made available as they discuss calculation of decay rates
based on this.

Response: Thank you. The CORSIP data used can be publicly accessed via this link:
https://portal.citf.mcgill.ca/.

Otherwise this is a very high quality paper which i considered insightful and which I enjoyed
reading.

Response: Thank you.

The only thing I think needs to be considered, is that there is a lack of discussion around
"protective" levels of antibodies in this context, what is known and what is considered protective,
and then how appropriate these arbitrary cut-offs are, given many people will retain significant
protection in the absence of detectable antibody response to many viruses, how much is this a
consideration in this case, it should at least be considered in the discussion.

5

g&smnse: We thank the reviewers for this comment. We have added a discussion on the
protective levels of antibodies based on our results. Please see revised manuscript.

I’ have minor suggestions asside from changes to the title

Response: Thank you.

Line 36: Define CORSIP

Response: Thank you for your comment. We have defined CORSIP in full as suggested.
Please see revised manuscript attached.

Line 193: The vaccine is immunogenic, the participants are immunised. Should read "Long term
protection afforded by immunisation of serially-tested middle-aged vaccinees with two doses of

mRNA vaccine was investigated”

5
Response: Thank you for this. We have revised this statement as suggested.




Reviewer [P omments to Author: REVIEWERS REPORT
11-month SARS-CoV-2 immunogenicity decay, and associated factors, among mRNA
vaccinees: Implications for Booster Vaccination

General comment

In the paper 'l 1-month SARS-CoV-2 immunogenicity decay, and associated factors, among
mRNA vaccinees: Implications for Booster Vaccination', Asamoah-Bodfeng et al. described the
decay profile of binding antibody responses from participants that have received two doses of
mRNA vaccines (BNT162b2 and mRNA-1273). They showed that the binding anti

responses peaked at about 21 days post-vaccirﬂion and plateaus at about ten months with a halt-
life of 94 days. They alsnihowed that several factors, such as older age, vaccine type and timing
of booster dosage, were associated with the decay rate of antibody immune responses. The
background knowledge is explicit, the methodology is rigorous, and the findings are clear.
However, the article will benefit from minor revisions on the points noted below.

Response: We thank the reviewer for this thoughtful comment.

The word immunogenicity in the title is broad; however, the study focuses on binding antibody
responses. The author may need to include in the limitation why they didn't measure T cell
response which is also covered under immunogenicity. They may change immunogenicity to
binding antibody decay, which is what they did.

5

g&;p_onse: We thank the reviewer for this comment. We have revised the title of this study
as suggested and also added the limitation of not measuring T-cell response in our study.
See revised manuscript attached.

Secondly, the methodology will be clearer if the authors indicate the timing of the blood
sampling. Were both first and second blood samples collected at the same time for each
participant? It was until Lines 130-132 that they talked about grouping the participants into
quartiles that [ inferred the samples were not collected at the same time. If the samples were not
collected simultaneously, it might be better to delete the word serially in the discussion because
the sample collection wasn't serial.

57
Response: We thank the reviewer for tcomment. %e first and the second blood samples
were collected at different times. From Table 1, the median dates of the first and second
blood sample collection were “April 16, 2021 and “July 17, 2021 respectively. We had
already indicated the differences in timing of blood sampling in the manuscript. Please see
page 7 under the results section.

Moreso, in the discussion, reference 26 Line 206 did not agree with the result of this work
because the immunity declined within one month, while in this study, the immunity peaked at 21
days, almost one month. The author needs to clarify and provide a reason for the results’
differences.

Response: We thank the reviewer for their valuable comment. We have removed this
reference from the discussion section for clarity.




Also, the reference for the study cited in lines 207-210 needed to be provided.

Reference: Thank you for your comment. We have added the reference to the statement on
line 207-210.

Finally, for other minor comments, figure 2 is unclear whether the time point shown is for the
first or second blood collection or both and similarly in Figure S1.

Response: Thank you. All blood collections were done after the secom vaccine dose. Hence
the time shown is for both first and second blood collections (i.e the interval between the
second vaccine dose and all blood collections). We have written a footnote under each
figure to clarify this.

Line 82, the 19 in COVID-19, is missing. The age range for the participants needs to be
provided. Line 158 should read a mean age 'of not 'was'.

Response: Thank you for this comment. We have addressed the comments above. Please
see revised manuscript attached.
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Abstract

Background: We examined the 11-month longitudinal antibody decay among 2-dose mRNA

vaccinees, and identified factors associated with faster decay.

Methods: The study included samples from the COVID-19 Occupational Risk, Seroprevalence
and Immunity among Paramedics (CORSIP) longitudinal observational study of paramedics in
ada. Participants were included if they had received two mRNA vaccinﬁwithout prior

SARS-CoV-2 infection and provided two blood samples post-vaccination. The outcomes of
interest were quantitative SARS-CoV-2 antibody concentrations. We employed spaghetti and
scatter plots (with kernel-weighted local polynomial smoothing curve) to describe the trend of
the antibody decay over 11-months post vaccine and fit a mixed effect exponential decay model

to examine the loss of immunogenicity and factors associated with antibody waning over time.

Results: This analysis included 652 blood samples from 326 adult edics. Total anti-spike
antibody levels peaked on the ﬁ“‘ day (antibody level 9.042U/mL) after the second mRNA
vaccine dose. Total anti-spike antibody levels declined thereafter, with a half-life of 94 [95% CI:
70, 143] days, with levels plateauing at 295 days (antibody level 1021 U/mL). Older age, vaccine
dosing interval <35 days, and the BNT162b2 vaceine (compared to mRNA-1273 vaccine) were

associated with faster antibody decay.

Conclusion: Antibody levels declined after the initial mRNA series with a half-life of 94 days,
plateauing at 295 days. These findings may inform the timing of booster vaccine doses and

identifying individuals with faster antibody decay.

Keywords: SARS-CoV-2; Immunogenicity decay; Risk factors; antibody levels, mRNA
COVID-19 vaccines.
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Introduction

Data from observational studies and randomized controlled trials have demonstrated the
ffectiveness of COVID-19 vaccines against symptomatic illness, COVD-19-related
hospitalizations, complications, and death'*. However, the long-term duration of vaccine-
induced immunity is unclear. Previous studies document waning 0fARS-COV-2 antibody
levels after both vaccination and infection,? with anti-spike levels decreasing substantially as
early as ee months after the second BNT162b2 dose®. Humoral responses have been shown to
be significantly decreased six months after the receipt of the second dose of BNT162b2 vaccine,
especially among older adults (> 65 years) and those with compromised immune systems® ',
However, data on the long-term (>6 month) immunogenicity post-SARS-CoV-2 vaccination

remain scarce 71011

Given evidence of waning SARS-CoV-2 humoral immune responses after vaccination, booster

vaccinations have been implemented in many jurisdictions; however, the optimal timing for
boosters remains unclear. There is growing evidence thatARS-CoV-2 antibody levels provide
a measure of COVID-19 risk'>'* and COVID-19 severity,'>"!" a relationship that has been
shown to be present even within the Omicron era'®. Thus, antibody levels may inform decisions
regarding the optimal timing of a booster vaccination. Further, given that immunity has been
shown to differ based on individual characteristics, it is possible that the optimal booster
schedule may vary within different patient groups. Currently there is limited data showing the
long-term durability of, and factors associated with, antibody levels post-vaccination. We sought

to investigate antibody waning 11 months after two mRNA vaccine doses among adult COVID-

19 naive paramedics in Canada, and factors associated with these outcomes.
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Methods
Study setting, design, and ethics

Our study included samples of paramedics from the Occupational Risks, Seroprevalence, and
Immunity among Paramedics in Canada (CORSIP) study'. CORSIP is a longitudinal
observational study investigating the seroprevalence of SARS-CoV-2 antibodies among adult (>
19 years) Canadian paramedics. Participants provided blood samples and data from structured
questionnaires on vaccination and COVID-19 history, past medical history, demographic and

workplace characteristics.
Study participants

For this investigation, we included participants who provided two blood samples (at different
times) after receiving only two mRNA vaccines of the same type (either two doses of

4
BNT162b2, or two doses of mRNA-1273 vaccines). We excluded participants who had evidence

of prior SARS-CoV-2 infection at any time prior to the second blood collection, based on
reported positive nucleic acid amplification viral testing a reactive blood sample on the
Elecsys Nucleocapsid Anti-SARS-CoV-2 [Roche, IND, USA] assay.?’ The CORSIP data used
for this study can be publicly assessed through the website of Canada COVID-19 Immunity Task

Force (CITF) website via the link: https:/portal citf.megill.ca/.

Serological Testing

We tested all samples with: (1) Elecsys Anti-SARS-CoV-2 (nucleocapsid) [Roche Diagnostics

International Ltd, Rotkreuz, Switzerland] assay?! to confirm eligibility; (2) the quantitative
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Roche Elecsys Anti-SARS-CoV-2 (S) (Roche Diagnostics International Ltd, Rotkreuz,
Switzerland) assay for measuring spike total antibody concentrations; and (3) the Meso Scale

Discovery (MSD) V-PLEX COVID-19 Coronavirus Panel 2 IgG assay for measuring IgG to

spike and receptor-binding domain (RBD) antigens.
Study outcomes

The primary outcome was total anti-spike antibody concentrations (measured with the Elecsys
assay), and the secondary outcomes were IgG concentrations to spike and RBD antigens

(measured with the VPLEX assay).

Statistical analysis

We described continuous variables with mean and standard deviation (SD) for near normally
distributed variables without any influential outliers, or median (with interquartile range [IQR])
for skewed or n-normally distributed variables. Categorical variables were described with
counts and percentages. Antibody concentrations (including: total anti-spike, anti-spike IgG and
-RBD IgG antibody concentrations) were presented as geometric mean (GM) with

corresponding geometric standard deviations (GSD). We described the longitudinal changes in

SARS-COV-2 antibodies 11 months after the second mRNA vaccine dose with scatter (with

2223

Kernel-weighted local polynomial smoothing curve)=-~" and spaghetti plots. Using the Kernel-
weighted local polynomial smoothing approach with Epanechnikov kernel function®?, we
generated the smoothing values and their corresponding smoothing grids and estimated the peak
antibody concentration based on the maximum kernel-weighted values. The smoothing grid
(days after the second vaccine) that corresponded to the maximum kernel-weighted smoothing

value was considered as the day of the peak antibody level. We used the double exponential
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decay (DED) model** to determine the time at which the antibody level stopped declining (the

“plateau level”) [See supplementary material].

To further demonstrate differences in antibody levels after vaccination, we categorized samples
into quartiles based on the number of days they were collected after the second vaccine dose, and

plotted box-and-whisker plots to diagram antibody levels.
We modeled the persistence of antibody levels over time using a mixed effect exponential decay
(ED) model. The mean structure of the exponential decay model with random intercept and slope

is given by:

50910(1‘1}3;‘,;‘) = (Bo + boi) + (B1 +b1).Tyj + €

B, and B, are the fixed effects intercept and decay rate respectively, while by; and b,; are the

subject-specific (random effects) intercept and decay rates respectively. €; ; represents
random error term for participant ‘i” at time (day) “j”’ which is assumed to be normally
distributed; log,, (Abij j) the mean log antibody titer at time T; ; post vaccination’?. To
determine the waning of antibody levels over time, we used the mixed effects ED model to
estimate the half-life (the time the peak antibody level was reduced by 50%)° . Thus, the half-life
(t1/2) was estimated as®:

_ 10g10(0.5)
S A

Further, we fit a mixed effect ED model to investigate the factors associated with antibody decay

over the 11-month study observation period. The mixed effect ED model with random intercept
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was used to account for the repeated measurements of antibody concentrations for each

participant at the two different time points. This model has been used in other studies that
investigated antibody waning among vaccinated individuals over time” 2> The various factors
included in the model were: participant age (years, continuous variable), female sex at birth (vs.
male); “racialized” (including those who self-described their ethnicity or race South Asian,
Chinese, Black, Filipina, Latin American, Arab, Southeast Asian, West Asian, Korean, or
Japanese) (vs. whites)”; “BMI: 18.5 to <25kg/m? (vs. others)”, “BMI > 25kg/m* (vs others)”;
“BNT162b2 vaccine (vs. mRNA-1273)"; “short vaccine dosing interval (binary variable, “short”

defined as a vaccine dosing interval less than the median value); and past medical history

(including covariates: hypertension, diabetes, asthma, liver diseases, and cancer).

Results

The study included 652 samples from 326 paramedics, with a mean age of 42 (SD=11) years,

where 46% were female. The majority of the study participants (82%) were vaccinated with two

doses of BNT162b2 vaccine while the remaining 18% received two doses of mRNA-1273.

Table 1 shows patient characteristics, intervals between vaccines and blood collection dates, and

outcome measures. The first and second blood collection occurred at a median of 59 (IQR 29,

94) and 156 (IQR 145, 176)ys after the second vaccine dose, respectively. The GM (GSD) of
the total anti-spike antibody concentration at the first and second blood collection was 2940 (3.5)
U/mL and 1455 (2.4) U/mL, respectively; for anti-spike IgG was 102,051(3.1) AU/mL and

30,956 (2.0) AU/mL, and for anti-spike RBD was 66,986 (3.8) AU/mL and 17406 (2.3) AU/mL,

respectively.
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Figures 1 (spaghetti plots) and 2 (scatter plots, with smooth curve), and Supplementary Figure S1
(box plots), describe the longitudinal changes in antibody concentrations during the 11 months

after the second vaccine. The peak values for total anti-spike (9,042 U/mL), anti-spike 1gG

(323,980 AU/mL), and anti-RBD IgG (249,051 AU/mL) antibody concentrations were all
recorded on the 21* day after the second vaccine dose (Figure 2 and supplementary Table S1).

On the 288" day after vaccination, total anti-spike antibody levels stopped declining, plateauing
at 1021 U/mL (Figure 2 and supplementary Table S1) which was 11% of the peak value. Anti-
spike IgG and Anti-RBD IgG levels plateaued at 321 days (5.3% of the peak value) and 308 days

(4.8% of the peak value) days post-vaccination, respectively (see supplementary Tables S1-S4).

The half-lives of the total antibody, anti-spike IgG, and anti-spike RBD concentrations were 94
(95% CI: 70-143) days, 68 (95% CI: 56-89) days, and 61 (95% CI: 49-79) days respectively
(Table 2). The mixed-effects ED model identified several independent factors associated with a
faster 1 1-month rate of post-vaccine anti-spike total antibody decay (Table 3), including: older

age, a vaccine dosing interval < 35 days, and BNT162b2 (vs. mRNA-1273) vaccine type.
Results examining outcomes of anti-spike and anti-RBD IgG antibody concentrations were
largely consistent, except: (1) shorter vaccine dosing interval which was not significantly

associated with anti-spike and anti-RBD IgG antibody decay over time; and, (2) BMI was not

associated with total anti-spike antibody decay, however was associated with anti-spike and anti-

RBD IgG antibody decay.
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Discussion

We investigated the long-term anti-spike antibody concentrations afforded by immunization of
serially-tested middle-aged vaccinees with two doses of mRNA vaccine over 11 months after
receiving the second vaccine 0 had no evidence of prior SARS-CoV-2 infection. Antibody
concentrations reached maximum levels on day 21 er the second dose, subsequently declined
with a half-life of 94 days, and then plateaued at a level of 1021U/mL after approximately 10
months. Previous studies have looked at long term antibody concentrations subsequent to other
beta coronavirus infections and have found some variability with for example one study of more
mild MERS-CoV infections demonstrated relatively rapid antibody seroreversion”, while
another pre-print study of ibody responses in health care workers with SARS-CoV-1
infections found persistence of detectable antibody responses beyond 12 years in most those
tested?’. For SARS-CoV-2 infections there is also some variability in the reports but it appears
that detectable antibody responses are maintained for up to three years®. Our study provides
additional insights into the longer-term dynamics SARS-COV-2 anti-spike antibody
concentration following a two dose mRNA vaccine series. Serum IgG levels following other
vaccinations often will stay at a relatively stable plateau level for many years (e.g. following
measles and rubella vaccination) but this duration is less clear for SARS-CoV-2 vaccination.
This study demonstrates that detectable antibodies are present and have generally reached a
plateau in most previously healthy individuals at 10 months post two dose vaccination series. It
remains unclear if subsequent induction of long-lived plasma cells through either re-exposure to
antigen via infection or vaccination will result in a new higher steady state for anti-spike
antibody levels. It is also unclear what protection, particularly against severe disease is provided
during this period of plateaued antibody levels. Further longitudinal clinical studies would be

needed to better understand this dynamic and may allow for antibody measurement as means for
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determining if booster vaccine doses are needed. We found older age, a vaccine dosing interval
<35 days, and the BNT162b2 (vs. mRNA-1273) vaccine to be associated with a faster rate of
post-vaccination total anti-spike antibody decay. These data may assist decision makers with the
timing of booster vaccination doses. Modification of vaccination schedules may be warranted for
those shown to have faster antibody decay, including older individuals, those with a shorter
vaccine dosing interval, and those who received the BNT162b2 vaccine. It may also be
warranted to prioritize mRNA-1273 dosing for groups that are at greater risk for rapid antibody

decay.

Previous studies have investigated post-vaccine antibody decay up to six months after the second
vaccine dose, and as well as the factors associated with antibody decline. In a study that

investigated the safety and immunogenicity of two mRNA-based COVID-19 vaccines, the

immune response after receiving two doses of BNT162b2 was lower in the older individuals (65-
85 years) than the younger age group (18 to 55 years)?’. Pérez-Al6s et al® modelled the waning
of immunity after RS-COV-2 vaccination for up to 230 days after the first dose and found
decay of antibody levels over time. Additionally, their study found a decrease in antibody levels
among older individuals (more than 60 years) independent of previous infection. These findings
are consistent with our study which demonstrates faster antibody decay among older individuals
after receiving two mRNA vaccine doses. This data, in combination with previous evidence
shows that older individuals are more likely to have severe COVID-19°*3! ‘and thus, supports
consideration of earlier booster vaccination strategies (which have been incorporated into some

. . 2
clinical recommendations *>2%).

Our results showed thatﬁicms vaccinated with BNT162b2, vs. mRNA-1273, demonstrated a

faster post-vaccine antibody decay, which may have implications for booster dose timing.
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Previous studies have shown a similar differences between these vaccines, including mRNA-
1273 demonstrating higher humoral immunogenicity,” and a lower risk of breakthrough
infections and COVID-19 related hospitalizations**. We also found extended mRNA vaccine
dosing intervals ‘> 35 days’ to be associated with a slower rate of antibody decay, which is
congruent with previous investigations demonstrating improved immunogenicity and vaccine

effectiveness with longer, compared to standard, vaccine dosing intervals®’ 3740

The optimal timing of booster vaccination remains unclear, with some advocating for annual
COVID-19 vaccines*!. Given the existing evidence demonstrating that RS-COV-2 antibody
levels are associated with COVID-19 risk'?'* and disease COVID-19 severity,'> 7 antibody
models may play a role in informing booster vaccination strategies. Our | 1-month data indicates
that antibody levels peak within 1 month, and then decline up to approximately 10 months. It is
therefore unclear if an annual booster campaign will provide adequate protection and this will at

least partially depend on whether SARS-CoV-2 will become primarily associated with seasonal

infections.
Limitations

This observation study has several limitations. There may be additional confounding variables
affecting immunogenicity decay that we did not account for. Our study participants included
middle-aged paramedics in Canada; results may differ in other patient populations. Antibody
levels have been shown to be associated with COVID-19 clinical outcomes, however, remain
surrogate markers of immunity, and thus actual clinical outcomes may differ. Also, our study did

not measure and investigate other markers of immune response such as T-cell responses.
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Conclusion

Anti-spike SARS-CoV-2 antibody levels peaked within 21 s after the second mRNA vaccine,
and subsequently declined, plateauing at approximately 10 nths after the second dose. Older
age, shorter vaccine dosing interval (< 35 days), and the BNT162b2 vaccine were associated
with a faster rate of post-vaccination antibody decay. These findings may inform booster

frequency, including patient-specific schedules.
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FIGURE LEGENDS

Figure 1: Spaghetti plots of longitudinal changes in antibody concentrations 11 months after 2 mRNA
vaccine doses

**Days after second vaccine dose (derived from the timing between second vaccine dose and all blood

collections)

Figure 2: Scatter plots (with kernel-weighted local polynomial smoothing curve) of longitudinal
changes in antibody concentrations 11 months after 2 mRNA vaccine dose.

*Vertical lines indicate the time the peak antibody level was recorded, and the time at which the
antibody levels plateaued; **horizontal lines indicate the peak antibody level and the value the
antibody levels plateaued respectively.

**Days after second vaccine dose (derived from the timing between second vaccine dose and all blood
collections)
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Table 1: Participants characteristics

Variables N (%) or Mean (SD) or
Median (IQR)
Baseline characteristics N =326 (at baseline)
Age, years, mean (SD) 42 (1)
Female Sex (at birth), n (%) 151 (46)
Racialized 25 (7.7)
Body Mass Index (BMI), mean (SD) 27 (5.0)
Obesity (= 30 Kg/m?), n (%) 88 (27)
Tobacco use,n (%) 13 (4.0)
Medical History, n (%)
Hypertension 30(9.2)
Diabetes 5.0(1.5)
Asthma 55 (17)
Chronic Lung Disease 3.0(0.9)
Heart diseases 1.0(0.3)
Kidney diseases 1.0(0.3)
Liver disease 5.0(1.5)
Cancer 7.02.D)
Vaccine type,n (%)
Pfizer (BNT162b2) 268 (82)
Moderna (mRNA-1273) 60 (18)
Vaccine doses, n (%)
1 & 2™ doses (BNT162b2) 266 (82)
1% & 2™ doses (MRNA-1273) 60 (18)
Vaccine dosing Interval (days), Median (IQR) 35 (28,42)

Time related variables
BC 1 date, median (IQR)
BC 2 date, median (IQR)

BCi-to-BCzinterval (days), Median (IQR)
V2-t0-BC1 interval (days), Median (IQR)
V2-t0-BC: interval (days), Median (IQR)

Outcome variables (at follow-up)

Quantitative Antibody Concentrations, GM (GSD)

Blood Collection 1

Anti-Spike total antibody concentration

Anti-Spike IgG concentration
Anti-RBD IgG concentration
Blood Collection 2

Anti-Spike total antibody concentration

Anti-Spike IgG concentration
Anti-RBD IgG concentration

2021/04/16 (2021/03/11, 2021/06/02)
2021/07/17 (2021/07/09, 2021/08/25)
100 (76, 132)

59 (29,94)

156 (145, 176)

2940 (3.5)
102051(3.1)
66986 (3.8)

1455 (2.4)
30956 (2)
17406 (2.3)

SD: Standard deviation; gMean: geometric mean; gSD: geometric standard deviation; IQR:
Interquartile range; BC1, first blood collection date; BC2, second blood collection date; Va2 :
Second vaccine dose date; Vaccine dosing interval, the number of days between V1 and V2,
Racialized: means other non-white races including Asian ethnic groups, blacks, and others.
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Table 2: Estimated half-life

Models Random Intercept Adjusted decay rates, Half-life (95% CI)
(95% CI) B (95% CI)
(Days after vaccine 2)
Model 1 2.54e-14 (0.00) -0.0032 (-0.0043, -0.0021) 94 (70, 143)
Model 2 0.17(0.15,0.20) -0.0044 (-0.0054, 0.0034) 68 (56, 89)
Model 3 0.25(0.21,0.29) -0.0049 (-0.0062, -0.0038) 61 (49, 79)

All models adjusted for age, vaccine type (BNT162b2 vs mRNA-1273), Sex at birth (Female vs Male),
race (Racialized vs white), tobacco use, vaccine dosing interval, BMI: 18.5-25Kg;’m2; “BMI: <18.5
Kg;‘mg”; underweight, and medical history (hypertension, diabetes, asthma, and Cancer)

Outcome variable for model 1 is Total Anti-spike Antibody Concentration;
Outcome variable for model 2 is Anti-Spike IgG Antibody Concentration;

Outcome variable for model 3 is Anti-RBD IgG Antibody Concentration
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Supplementary Material - PDF (posted with preprint and Version of Click here to access/download;Supplementary Material - PDF

Record)

(posted with preprint and Version of

SUPPLEMENTARY MATERIALS

Supplementary Methods

The Double exponential decay (DED) model is expressed mathematically as:

Ab e pers = Plateau + SpanFast « exp(—KFast + T) + SpanSlow * exp(—KSlow * T)
Where, SpanFast = (Y, — plateau) * PercentFast * 0.01

SpanSlow = (Y, — Plateau) » (100 — PercentFast) = 0.01

¥y is antibody levels (Abjevers) when the time “T” is zero. The Plateau is the antibody level at the
infinite times; KFast and KSlow are the two rate constants expressed as the inverse of the time
“T” in the x-axis; TauFast and TauSlow are the two-time constants and they are estimated as the

inverse of the rate constants (i.e. 1/KFast and 1/Kslow).

Half-life (fast) and Half-life (slow) are the time units of the Time “T” and are computed as
(In2/K); and PercentFast is the fraction of the span (defined as the distance between ¥jand

Plateau point)**.
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Table S2: Table showing results from the DED for Total antibody concentration (U/mL)

Two phase decay

Best-fit values

YO0 9741
Plateau 1021
PercentFast 77.73
KFast 0.01835
KSlow 0.007189
Half Life (Slow) 96.42
Half Life (Fast) 37.78
Tau (slow) 139.1
Tau (fast) 54.51
Rate constant ratio 2.552
Goodness of Fit

Robust Sum of Squares 32.63
RSDR 320.0
Constraints

PercentFast 0 < PercentFast < 100
KFast KFast = 1*KSlow
KSlow KSlow =0

Table S3: Table showing results from the DED model for anti-spike IgG (AU/mL)

Two phase decay

Hit constraint

Best-fit values

YO0 311950
Plateau 17287
PercentFast ~ 2543
KFast ~0.01488
KSlow 0.01488
Half Life (Slow) 46.58
Half Life (Fast) ~46.58
Tau (slow) 67.21
Tau (fast) ~67.21
Rate constant ratio ~ 1.000
Goodness of Fit

Robust Sum of Squares 40.60
RSDR 6108
Constraints

PercentFast 0 < PercentFast < 100
KFast KFast > 1*KSlow

KSlow

KSlow =0




Table S4: Table showing results from the DED model for anti-RBD IgG (AU/mL)

Two phase decay

Best-fit values

YO0 244272
Plateau 11909
PercentFast 86.06
KFast 0.01716
KSlow 0.01716
Half Life (Slow) 40.40
Half Life (Fast) 4040
Tau (slow) 58.29
Tau (fast) 58.29
Rate constant ratio 1.000
Goodness of Fit

Robust Sum of Squares 3781
RSDR 5875
Constraints

PercentFast 0 < PercentFast < 100
KFast KFast > 1*KSlow
KSlow KSlow =0




Egure 1

Click here to access/download
Figure (only used fog published Version of Record)
Figure 2.tif




Figure 2

Click here to access/download
Figure (only used for published Version of Record)
Figure 1.tif




ACMI-D-23-00126.pdf

ORIGINALITY REPORT

37«

SIMILARITY INDEX

PRIMARY SOURCES

www.medrxiv.org 12 words 3%

Internet

o

Michael Asamoah-Boaheng, David M (?olglfarb, 507 words — 3%
Mohammad Ehsanul Karim, Sheila F O'Brien et al.

"The relationship between anti-spike SARS-CoV-2 antibody

levels and risk of breakthrough COVID-19 among fully

vaccinated adults", The Journal of Infectious Diseases, 2022

Crossref

Xﬂg.frontler5|n.org 125 words — 2 /0
' 0

academic.oup.com 113 words — 270
. e 0

&l:rEétSIlverChalr cdn.com 95 words — 1 /0

i 0
H e 22:994P 75 words — 1 %0
Ir::ecrenreltd|an.allenpress.com 71 words — 1 /0

www.biorxiv.org 20 words — 1 06

Internet



— — — — RN RN
Ul N W N — (@]

—_ RN
~N (o)}

x\:(\a/vm\g.dovepress.com 69 words — 1 %
x\im\!:/.mdpi.com 65 words — 1 %
mg:er;n.dovepress.com 64 words — | 0%
me/r\:\\g.thehinducentre.com 62 words — 1 %
ﬂtlgnse.tcovim9treatmentguide|ines.nih.gov 47 words — 1 %
www.thelancet.com 47 words — 1 0%

Internet

T|2|§na Gr§55|, Glambattlstanl_gbre.gllo, Alessandra 44 words — 1 /0
Panico, Chiara Rosato et al. "Kinetics of Humoral

Immunity against SARS-CoV-2 in Healthcare Workers after the

Third Dose of BNT162b2 mRNA Vaccine", Vaccines, 2022

Crossref

L 0
libguides.anzca.edu.au 43 words — | )

Internet

Brian Grunau, Liam Golding, Martin A. Prusinkiewicz, 1 %
. . . 41 words —

Michael Asamoah-Boaheng et al. "Comparative 6-

Month Wild-Type and Delta-Variant Antibody Levels and

Surrogate Neutralization for Adults Vaccinated with BNT162b2

versus mRNA-1273", Microbiology Spectrum, 2022

Crossref

Annalisa Rosso, Maria Elena Flacco, Graziella 1 %
. . . . 40 words —

Soldato, Giuseppe Di Martino et al. "COVID-19

Vaccination Effectiveness in the General Population of an



—_
O

20

N N N N N N
(o)) Ul NN w N —_

Italian Province: Two Years of Follow-Up", Vaccines, 2023

Crossref

healthmanagement.org 38 words — 1 %

Internet

Mehretgab Aregqy, Ziv slhke(.zly, Ggert Molenberghs, 37 words — 1 %
Marie-Pierre David, Fabian Tibaldi. "Model-Based

Estimates of Long-Term Persistence of Induced HPV

Antibodies: A Flexible Subject-Specific Approach”, Journal of
Biopharmaceutical Statistics, 2013

Crossref

mxg.ectrx.org 37 words — ] 0%
oD Hg-edupl 36 words — 170
x\:g:/vetlic.sookmyung.ac.kr 35 words — 1 %
Icnltiepr)ncztsit.ub.edu 34 words — | 0%

: 0
www.bric.ku.dk 33 words — 1 /O

Internet

Stefar?la Iflorsarl, C!agdlo Glnacmto Atene, Rossana31 words — < 1 %
Maffei, Nicoldo Mesini et al. "Effects of the

BTN162b2 mRNA COVID-19 vaccine in humoral and cellular

immunity in patients with chronic lymphocytic leukemia",

Hematological Oncology, 2022

Crossref

. 0
ouci.dntb.gov.ua 29 words — < ] Yo

Internet



(O8] w w W N N
W N - (@) O (00]

34

35

Jl'ggnre?als.plos.org 27 words — < 1 %
i?esnli!ty.uobasrah.edu.iq 23 words — < 1 %
Ilitcérrnemsurect.med.ubc.ca 50 words — < 1 %
ﬁ?eilei.info 19 words — < 1 %
if!;rlz[nj.com 18 words — < 1 %
Michela Bernardini, Alessia Brossa, Giorgia 17 words — < 1 %

Chinigo, Guillaume P. Grolez et al. "Transient

Receptor Potential Channel Expression Signatures in Tumor-
Derived Endothelial Cells: Functional Roles in Prostate Cancer
Angiogenesis", Cancers, 2019

Crossref

L 0
www.malaysiakini.com 17 words — < ] Yo

Internet

. 0
www.wjgnet.com 17 words — < 1 /0

Internet

Parham .Sendl., Nadja YVldmer, M.attl'a Branca, 15 words — < 1 %
Marc Thierstein et al. "Do quantitative levels of

antispike-IgG antibodies aid in predicting protection from

SARS-CoV-2 infection? Results from a longitudinal study in a

police cohort", Journal of Medical Virology, 2023

Crossref

0
www.toronto.com 15 words — < 1 /O

Internet



Marc-Emmanuel Dumas, Alice R Rothyvell, Lesley 13 words — < 1 %
Hoyles, Thomas Aranias et al. "Microbial-Host Co-

metabolites Are Prodromal Markers Predicting Phenotypic
Heterogeneity in Behavior, Obesity, and Impaired Glucose

Tolerance", Cell Reports, 2017

Crossref

Michael Asamoah-Boaheng, David M Goldfarb, .5 . < 1 0%
Martin Prusinkiewicz, Liam Golding et al.

"Determining the optimal SARS-CoV-2 mRNA vaccine dosing

interval for maximum immunogenicity", Cold Spring Harbor

Laboratory, 2022

Crossref Posted Content

0
www.researchsquare.com 13 words — < 1 /0

Internet

Dorota Kaminska, Dominika ’ngorska- 12 words — < 1 %
Materkowska, Katarzyna Koscielska-Kasprzak,

Oktawia Mazanowska et al. "Immunity after COVID-19

Recovery and Vaccination: Similarities and Differences”,

Vaccines, 2022

Crossref

Joyeuse Ukwishaka, Mela Cyril Fotabong, Jerry 12 words — < 1 %

Brown Njoh Aseneh, Malak Ettaj et al.

"Seroprevalence of SARS-CoV-2 antibodies among healthy
blood donors: a systematic review and meta-analysis",
Research Square Platform LLC, 2023

Crossref Posted Content

'I'rok|e U.Kel Kuok, Tay TR qu, Chrlstlne.le. 12 words — < 1 /0
Interaction effects of air services on tourism
demand", Annals of Tourism Research, 2023

Crossref

publinestorage.blob.core.windows.net



Internet

12 words — < 1%

. X . . v ope Ny s 0
Dino ?IS|, Dar.Ja Flegar, 'Masa Filipovic, Pgtrq TurC|c11 words — < 1 /0
et al. "Tamoxifen Ameliorates Cholestatic Liver
Fibrosis in Mice: Upregulation of TGFB and IL6 Is a Potential
Protective Mechanism", Biomedicines, 2022

Crossref

ashpublications.org 11 words — < 1 0%

Internet

A|IC.e Huang, Car'?llng Cicin-Sain, Chloe Pasin, 10 words — < 1 %
Selina Epp et al. "Antibody Response to SARS-

CoV-2 Vaccination in Patients following Allogeneic

Hematopoietic Cell Transplantation”, Transplantation and

Cellular Therapy, 2022

Crossref

Kin Isra.el Notartg, Israel Guerrero-Ar.guero, 10 words — < 1 %
Jacqueline Veronica Velasco, Abbygail Therese

Ver et al. "Characterization of the significant decline in humoral

immune response six months post-SARS-CoV-2 mRNA

vaccination: A systematic review", Journal of Medical Virology,

2022

Crossref

Rilwan Azeez, Larisa LOtOSk.I, Geoffrey L. Winsor, 10 words — < 1 %
Corey R. Arnold et al. "Predictors of SARS-CoV-2

anti-Spike IgG antibody levels following two COVID-19 vaccine

doses among children and adults in the Canadian CHILD

Cohort", Cold Spring Harbor Laboratory, 2023

Crossref Posted Content

Sina Hosseinian, Kathleen Powe"rs, MFIind 10words — < 1 %
Vasudev, Anton M. Palma et al. "Persistence of
SARS-CoV-2 Antibodies in Vaccinated Health Care Workers



52

Analyzed by Coronavirus Antigen Microarray", Frontiers in
Immunology, 2022

Crossref

: 0
Ir:t{r[:gthes.ls 10 words — < 1 /0
0
?/n\gr\:‘\g.ashp.org 10 words — < 1 /O
. . 0
Adrienn Angyal, Stephanie Longet, Shona C 9 words — < ’] A)

Moore, Rebecca P Payne et al. "T-cell and antibody
responses to first BNT162b2 vaccine dose in previously
infected and SARS-CoV-2-naive UK health-care workers: a
multicentre prospective cohort study", The Lancet Microbe,
2021

Crossref

Ales.sandra.Rugglero, Ch!ara Piubelli, Lucia 9 words — < 1 %
Calciano, Simone Accordini et al. "SARS-CoV-2

vaccination elicits unconventional IgM specific responses in

naive and previously COVID-19-infected individuals",

eBioMedicine, 2022

Crossref

Giulia Brisotto, Elena Muraro, Marcella Montico, < 1 %
: . Y : 9 words —

Chiara Corso et al. "IgG antibodies against SARS-

CoV-2 decay but persist 4months after vaccination in a cohort

of healthcare workers", Clinica Chimica Acta, 2021

Crossref

Han Young Seo, Haewon jung, ngon Woo, I—!ae- 9 words — < 1 %
Gwang Jung et al. "Enhanced Omicron subvariant

cross-neutralization efficacy of a monovalent SARS-CoV-2

BA.4/5 mRNA vaccine encoding a noncleaved, nonfusogenic

spike antigen”, Cold Spring Harbor Laboratory, 2023

Crossref Posted Content



60

' 0
I(ZsjncztrdjournaIs.org 9 words — < 1 /0
' 0
Ir;ct:ez?nseforagev2.bIob.core.Wlndows.net 9 words — < 1 /0
www.explorationpub.com < 1 %
Internet 9 words —
.o . 0
www.niid.go.jp 9 words — < 1 )0

Internet

Brlar.1 Grunau, Shella"F. O’'Brien, Tracy L. Kwkham, 3 words — < 1 %
Jennie Helmer et al. "A Prospective Observational

Cohort Comparison of SARS-CoV-2 Seroprevalence Between
Paramedics and Matched Blood Donors in Canada During the

COVID-19 Pandemic”, Annals of Emergency Medicine, 2022

Crossref

Gemma Moncunil, R'l',lth Aguilar, Marta Ribes, 8 words — < 1 0%
Natalia Ortega et al. "Determinants of early

antibody responses to COVID-19 mRNA vaccines in a cohort of

exposed and naive healthcare workers", eBioMedicine, 2022

Crossref

Kristen W. Cohen, Susanne L. Linderman, Zoe < 1 %
. . . , L . 8words —

Moodie, Julie Czartoski et al. "Longitudinal analysis

shows durable and broad immune memory after SARS-CoV-2

infection with persisting antibody responses and memory B

and T cells", Cell Reports Medicine, 2021

Crossref

Maurizio Bossu, F|FiVIa Taculli, Gla'nnl Ql Giorgio, g words — < 1 %
Alessandro Salucci, Antonella Polimeni, Stefano Di

Carlo. "Different Pulp Dressing Materials for the Pulpotomy of

Primary Teeth: A Systematic Review of the Literature", Journal

of Clinical Medicine, 2020



65

H B
~

B
o

1

B

Crossref

Victoria G. Hall, Victor H. Ferreira, Heidi Wood, < 1 %
., . 8 words —

Matthew Ierullo et al. "Delayed-interval BNT162b2

MRNA COVID-19 vaccination enhances humoral immunity and

induces robust T cell responses”, Nature Immunology, 2022

Crossref

I(E]?exie?lreference.com 8 words — < 1 0%
I(;Jteer(:ept)blue.Iib.umich.edu 8 words — < 1 0%
Jl're]aterrr:ea:network.com 8 words — < 1 %
I|c:tl;|rrn§.manchester.ac.uk 8 words — < 1 %
XZVmZY'CdC'gOV 8 words — < 1 %
Brian Grunau, David M. Goldfarb, Michael 7 words — < 1 %

Asamoah-Boaheng, Liam Golding, Tracy L.

Kirkham, Paul A. Demers, Pascal M. Lavoie. "Immunogenicity of
Extended mRNA SARS-CoV-2 Vaccine Dosing Intervals"”, JAMA,
2021

Crossref

Brian Grunau, Michael Asamoah-Bgaheng, Pascal 7 words — < 1 %
M Lavoie, Mohammad Ehsanul Karim et al. "A

Higher Antibody Response Is Generated With a 6- to 7-Week

(vs Standard) Severe Acute Respiratory Syndrome Coronavirus

2 (SARS-CoV-2) Vaccine Dosing Interval”, Clinical Infectious

Diseases, 2021

Crossref



, ) , ) 0
José Mazuecos-Blanca, José Rafael Mazuecos 7 words — < 1 /0

Gutiérrez, Ana Jiménez-Gil. "Erosive balanitis
caused by Staphylococcus haemolyticus in a healthy,
circumcised adult male.", Microbiology Society, 2023

Crossref Posted Content

. Y . . . 0
Shella? F. O Brlnen, Niamh Caffrey,. QI. .Lor?g Yi, Shelly 7 words — < 1 /0
Bolotin et al. "Cross-Canada Variability in Blood

Donor SARS-CoV-2 Seroprevalence by Social Determinants of

Health", Microbiology Spectrum, 2023

Crossref

C.hi.ar.a Ma.u.ra Ciniselli,.Mara !Tecchi, Mariangela 6 words — < 1 %
Figini, Cecilia C. Melani et al. "COVID-19

Vaccination in Health Care Workers in Italy: A Literature Review

and a Report from a Comprehensive Cancer Center", Vaccines,

2022

Crossref

I\/Izith@s Haarhaus, M(?n|ca D"uhanes, Natasa 6 words — < 1 %
LeSevic, Bogdan Matei et al. "Improved

immunologic response to COVID-19 vaccine with prolonged

dosing interval in haemodialysis patients", Scandinavian Journal

of Immunology, 2022

Crossref

Qiu-Yan Xu, Jian-Hang Xug, Yao ?(la?o,.Zh'l-Juan.Jla, 6 words — < 1 %
Meng-Juan Wu, Yan-Yun Liu, Wei-Li Li, Xian-Ming

Liang, Tian-Ci Yang. "Response and Duration of Serum Anti-

SARS-CoV-2 Antibodies After Inactivated Vaccination Within 160

Days", Frontiers in Immunology, 2021

Crossref

' 0
Rebgcca P. Payne, Stephanle" Longet, Jam'esj A. 6 words — < 1 /0
Austin, Donal T. Skelly et al. "Immunogenicity of
standard and extended dosing intervals of BNT162b2 mRNA
vaccine", Cell, 2021



Crossref

i 0
Sachie Nakagama, Yu 'I'\Iakagarna, Yu.ko Komase, 6 words — < 1 /0
Masaharu Kudo et al. "Age-adjusted impact of
prior COVID-19 on SARS-CoV-2 mRNA vaccine response”,

Frontiers in Immunology, 2023

Crossref

Zabrl.na L. Brumme, Francis M"MW|man;|, Hope R. 6 words — < 1 %
Lapointe, Peter Cheung et al. "Humoral immune

responses to COVID-19 vaccination in people living with HIV

receiving suppressive antiretroviral therapy", Cold Spring

Harbor Laboratory, 2021

Crossref

OFF OFF
ON OFF



