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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
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The optimal dosing interval for severe acute respiratory syn-
drome coronavirus 2 vaccines remains controversial. In this
prospective study, we compared serology results of paramedics
vaccinated with mRNA vaccines at the recommended short
(17-28 days) vs long (42-49 days) interval. We found that a
long dosing interval resulted in higher spike, receptor binding
domain, and spike N terminal domain antibody concentrations.
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Clinical trial investigations have demonstrated severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) vaccines
to be highly efficacious in preventing symptomatic disease.
However, results are limited to a single vaccine administration
schedule, typically 3 or 4 weeks between vaccine doses [1, 2].
This may not be the optimal schedule at the individual level
to achieve robust and long-lasting immunity or at the popu-
lation level to achieve the fastest and overall community-level
protection. One study reported that ChAdOx1 (AstraZeneca)
vaccine efficacy improved with longer vaccine dosing inter-
vals (up to approximately 3 months) [3]. We investigated the

differences in immune response according to vaccine dosing

Received 13 August 2021; editorial decision 28 October 2021; published online 30 November 2021.
Correspondence: Brian Grunau, BC Resuscitation Research Collaborative, 1190 Hornby St.,
4th Floor, Vancouver, B.C. V6Z 2K5, Canada (Brian.Grunau2@vch.ca).
Clinical Infectious Diseases® 2021;XX(XX):1-4
© The Author(s) 2021. Published by Oxford University Press for the Infectious Diseases Society

of America. All rights reserved. For permissions, e-mail: journals.permissions@oup.com.
https://doi.org/10.1093/cid/ciab938

Y1 DSA

Infectious Diseases Society of America hiv medicine association

intervals of <4 weeks vs 6-7 weeks among paramedics who re-
ceived mRNA vaccines.

METHODS

Study Design

Samples were from the COVID-19 (coronavirus disease 2019)
Occupational Risks, Seroprevalence and Immunity among
Paramedics in Canada (CORSIP) study participants. CORSIP
is an observational cohort (commenced in January 2021) study
of adult paramedics in Canada, approved by the University of
British Columbia and University of Toronto research ethics
boards, with the goal of investigating occupational risks and se-
roprevalence of SARS-CoV-2 immune measures among para-
medics. CORSIP participants provided blood samples upon
enrollment (that were used for this analysis), sociodemographic
questionnaire data, and the dates and results of all SARS-CoV-2
polymerase chain reaction (PCR) tests and vaccinations.

Participants

We included samples from CORSIP participants who had re-
ceived 2 doses of the BNT162b2 (Pfizer) and/or mRNA-1273
(Moderna) vaccines. We excluded participants with evidence
of a preceding SARS-CoV-2 infection (a positive PCR test or
reactive Roche nucleocapsid Elecsys Anti-SARS-CoV-2 assay
[4]), given the known differential impact on antibody responses
post-vaccination [5].

Serological Testing

We tested all samples using the Roche nucleocapsid Elecsys
Anti-SARS-CoV-2 assay (to confirm eligibility); the Ortho-
VITROS Anti-SARS-CoV-2 Total
Antibody assay, which targets the spike protein; the Meso scale
discovery (MSD) V-PLEX COVID-19 Coronavirus Panel 2 im-
munoglobulin G (IgG) assay, which measures IgG to the SARS-
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CoV-2 spike, receptor binding domain (RBD), spike N terminal
domain (NTD), and nucleocapsid (N) antigens; and the quanti-
tative Roche spike Elecsys Anti-SARS-CoV-2 S assay (validated
range of 0.4-2500 U/mL [6]; samples with the maximum value
were analyzed with this result). See the Supplementary Methods
for further details.

Statistical Analyses

We classified samples according to the following a priori de-
termined vaccine dosing intervals: the recommended “short in-
terval” (17-28 days; the Centre for Disease Control recommends
21- and 28-day vaccine dosing intervals for the BNT162b2 and
mRNA-1273 vaccines, respectively, but state that the second
vaccine dose may be given up to 4 days early [7]) and the “long
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interval” (42-49 days). We compared group characteristics using
parametric and nonparametric tests, as appropriate. We created
scatterplots for the Roche spike, MSD spike, and RBD results,
with cubic spline curves [8]. The distribution of values from
all antibody assays were visualized using box plots stratified by
the second vaccine-to-blood sampling interval. We compared
antibody concentrations (spike, RBD, NTD, and N) between
groups by fitting 4 multiple linear regression models (1 for each
antibody) to demonstrate the association between the antibody
concentration and the dosing interval group, adjusting for the
second vaccine-to-blood sampling interval. For each fit, we as-
sessed differences between groups using the test for regression
coefficient (¢ test) for the difference between the mean antibody
level [9]. For these models, we excluded participants with blood
sampling <14 days after their second dose, given the rapid an-
tibody concentration rise that is observed in this immediate
post-second dose vaccine period [10]. We repeated the above
methods for the following 3 secondary analyses: include an in-
teraction term between vaccine type and dosing interval group
in the model (to determine if the relationship between vaccine
interval and antibody concentration varied by vaccine type); in-
clude ethnicity and education level adjustment covariates in the
model; and within subgroups defined by vaccine type.

RESULTS

We included 186 participants in the analysis, of whom 131
(70.4%) were vaccinated with the BNT162b2 vaccine, 55
(29.6%) with the mRNA-1273 vaccine, and 1 (0.54%) with
both. The median age was 38 years (interquartile range [IQR],
33-45), and 15% were racialized. Blood sampling followed the
second vaccine dose by a median of 56 days (IQR, 29-76).

Participant characteristics, classified by vaccine dosing in-
terval group, are listed in Supplementary Table 1. The age of
participants, the date of the first vaccine dose, and the propor-
tion with comorbidities were similar. There were significant
between-group differences for education level, vaccine type,
and vaccine-to-blood sampling intervals. The Ortho Anti-
SARS-CoV-2 Total Antibody was reactive for all samples within
both groups.

Figure 1 and Supplementary Figures 1-5 show antibody
concentrations as a function of second vaccine-to-sampling
intervals. Regression models demonstrated significantly higher
antibody concentrations in individuals who experienced longer
vaccine intervals when evaluating the MSD (t = 2.211, P = .028)
and Roche (t=7.703, P <.0001) spike, as well as MSD RBD
(t =4.044, P <.0001) and NTD (t = 3.684, P <.0001) antibody
concentrations. We did not detect between-group differences
for MSD N antibody concentrations (t = 1.772, P = .078).

Within our secondary analysis, the interaction term be-
tween vaccine type and dosing interval was insignificant for
all antibody models (Supplementary Table 2). The model that

incorporated education level and ethnicity demonstrated re-
sults consistent with the primary analysis (Supplementary Table
3). When antibody concentrations stratified by vaccine type
were examined separately, long vaccine intervals demonstrated
higher Roche spike antibody concentrations for the BNT162b2
and mRNA-1273 vaccines (Supplementary Table 4).

DISCUSSION

Optimal vaccine dosing intervals are of critical importance at
the population and individual levels, particularly in the context
of global vaccine supply challenges. We found that compared to
the recommended (<4 week) dosing interval, a 6- to 7-week in-
terval for mRNA vaccines resulted in higher spike-related anti-
body concentrations. Increased development of germinal center
B cells associated with vaccine dosing intervals may explain this
observation [11]. These data may help inform COVID-19 vac-
cination strategies, especially in settings where vaccine supplies
remain constrained.

Our data demonstrated differences in all spike-related anti-
body binding concentrations. We used 2 assays to test the spike
antibody concentration; despite differences in the curves, both
were qualitatively consistent. We did not detect a difference in
the relationship between vaccine dosing intervals and antibody
concentrations based on vaccine type. For the regression model,
we elected to censure samples collected in the first 2 weeks post-
second dose vaccination given prior antibody dynamics studies
that showed this universally as a period of rapid antibody increase
[10]. However, our data curves suggest that in both groups, an-
tibody concentrations increased for approximately 3 weeks post-
second vaccination dose and then declined.

Only 1 peer-reviewed study has reported differences in vac-
cine dosing intervals, an analysis using data from 3 ChAdOx1
(AstraZeneca) vaccine clinical trials that concluded that vac-
cine efficacy (based on symptomatic PCR-confirmed disease)
increased from 55% to 81% when the dosing interval was in-
creased from <6 weeks to 12 weeks [3]. While there is cur-
rently no peer-reviewed mRNA vaccine data for comparison,
other data have been reported. A recent study of the BNT162b2
vaccine in participants aged 280 years reported that an 11- to
12-week vaccine dosing interval, comparison with 3 weeks, re-
sulted in higher anti-spike antibodies (measured 2 weeks after
the second dose) [12]. Another investigation of participants
aged 50-89 years found higher antibody concentrations among
those with 65- to 84-day (vs 19- to 29-day) dosing intervals [13].
Our study extends this finding to a younger population and also
examines a different dosing interval, demonstrating consistent
results. Several studies performed across various populations
have shown a correlation between both binding antibody and/
or neutralizing antibody concentrations and vaccine efficacy
[14]. We observed persistence of high antibody levels in the
longer interval group, and this suggests that a delayed second
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Scatterplot of MSD spike (A, Au/mL), Roche spike (B, U/mL), and MSD RBD (C, Au/mL) antibody concentrations, with cubic spline curves (and 95% confidence

intervals). For the Roche spike assay, the maximum value of 2500 U/L occurred in 35 (30%) samples of the short interval group and 60 (88%) samples of the long interval

group. Abbreviations: MSD, Meso scale discovery; RBD, receptor binding domain.
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dose strategy may allow for deferral of third vaccine doses (that
are already being provided in some jurisdictions [15]).

In addition to individual-level benefits, delayed dosing strat-
egies may improve protection at the community level. Two ep-
idemiological simulation studies have estimated that delayed
vaccination schedules result in reduced cumulative mortality
[16, 17]. Although evidence was lacking at the time, some coun-
tries elected to implement delayed dosing strategies early in the
vaccination rollout [18], a decision that now appears to have
been reasonable.

Our study has some limitations. We may have misclassified
some cases when we excluded samples due to prior COVID-
19. Our study was observational, and confounders such as
ethnicity, vaccine type, and education cannot be excluded. We
accounted for second vaccine-to-blood sampling interval varia-
bility in our regression analysis; however, there may be residual
bias. Future studies may choose to standardize vaccine-to-blood
collection intervals. The Roche spike assay had a maximum
value of 2500 U/mL, which may have decreased our ability to
detect a difference. Our study included paramedics in Canada,
primarily of White ethnicity, whose immunity may be system-
atically different from the general population, populations in
other regions, or other ethnic groups. While antibody levels are
correlative of protection, we did not examine vaccine efficacy
in a real-life setting. Our data were limited to blood samples
obtained up to 113 days after the second vaccine dose, and we
cannot comment on longer-term immune responses.

CONCLUSIONS

A SARS-CoV-2 vaccine dosing interval of 6-7 weeks compared
with a standard dosing interval (<4 weeks) resulted in higher
anti-spike antibodies detected in the blood of vaccinated indi-
viduals. These data may inform ongoing international COVID-
19 vaccination efforts.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online.
Consisting of data provided by the authors to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the authors,
so questions or comments should be addressed to the corresponding author.
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