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Key Points

Question Can intramuscularly administered messenger RNA vaccines induce mucosal
immunity?

Findings In this cohort study of 427 vaccinated individuals, a modest increase in spike-specific
IgA levels in saliva of SARS-CoV-2—naive individuals having received the Moderna or Pfizer-
BioNTech messenger RNA vaccines was observed using ultrasensitive digital enzyme-linked
immunosorbent assay. This increase persisted after Moderna vaccination, and previously
infected individuals demonstrated a stronger mucosal IgA response to vaccination.

Meaning Specific salivary IgA can be detected after messenger RNA vaccination solely, but to
much lower levels than in previously infected individuals.

Abstract



Importance
There is still considerable controversy in the literature regarding the capacity of intramuscular
messenger RNA (mRNA) vaccination to induce a mucosal immune response.

Objective
To compare serum and salivary IgG and IgA levels among mRNA-vaccinated individuals with
or without previous SARS-CoV-2 infection.

Design, Setting, and Participants

In this cohort study, SARS-CoV-2—naive participants and those with previous infection were
consecutively included in the CoviCompare P and CoviCompare M mRNA vaccination trials and
followed up to day 180 after vaccination with either the BNT162b2 (Pfizer-BioNTech) vaccine
or the mRNA-1273 (Moderna) vaccine at the beginning of the COVID-19 vaccination campaign
(from February 19 to June 8, 2021) in France. Data were analyzed from October 25, 2022, to
July 13, 2023.

Main Outcomes and Measures

An ultrasensitive digital enzyme-linked immunosorbent assay was used for the comparison of
SARS-CoV-2 spike-specific serum and salivary 1gG and IgA levels. Spike-specific secretory IgA
level was also quantified at selected times.

Results

A total of 427 individuals were included in 3 groups: participants with SARS-CoV-2 prior to
vaccination who received 1 single dose of BNT162b2 (Pfizer-BioNTech) (n=120) and SARS-
CoV-2—naive individuals who received 2 doses of mRNA-1273 (Moderna) (n=172) or 2 doses
of BNT162b2 (Pfizer-BioNTech) (n = 135). The median age was 68 (IQR, 39-75) years, and 228
(53.4%) were men. SARS-CoV-2 spike-specific 1gG saliva levels increased after 1 or 2 vaccine
injections in individuals with previous infection and SARS-CoV-2—-naive individuals. After
vaccination, SARS-CoV-2—specific saliva IgA levels, normalized with respect to total IgA levels,
were significantly higher in participants with previous infection, as compared with the most
responsive mRNA-1273 (Moderna) recipients (median normalized levels, 155 x 10-5 vs
37 x 10-5 at day 29; 107 x 10-5 vs 54 x 10-5 at day 57; and 104 x 10-5 vs 70 x 10-5 at day
180 [P <.001]). In contrast, compared with day 1, spike-specific IgA levels in the BNT162b2-
vaccinated SARS-CoV-2—naive group increased only at day 57 (36 x 10-5 vs 49 x 10-5 [P = .01]).
Bona fide multimeric secretory IgA levels were significantly higher in individuals with previous
infection compared with SARS-CoV-2—naive individuals after 2 antigenic stimulations (median
optical density, 0.36 [IQR, 0.16-0.63] vs 0.16 [IQR, 0.10-0.22]; P <.001).

Conclusions and Relevance

The findings of this cohort study suggest that mRNA vaccination was associated with mucosal
immunity in individuals without prior SARS-CoV-2 infection, but at much lower levels than in
previously infected individuals. Further studies are needed to determine the association
between specific saliva IgA levels and prevention of infection or transmission.

Introduction



IgA is monomeric in human serum but is also produced locally in mucosal tissues mostly under
dimeric or even polymeric forms and released associated with the secretory component as
secretory IgA (SIgA).1 Monomeric IgA is also present in saliva following passive transport from
blood.1 Saliva represents an easily accessible body fluid permitting probing of IgA mucosal
immunity. Sterlin et al2 previously showed that potent SARS-CoV-2—neutralizing IgA
antibodies are rapidly produced following infection, even before IgG antibodies, although
their levels decline and fail to be detected in saliva around 6 months after symptom onset.
Recent studies3,4 suggest that SARS-CoV-2 spike-specific mucosal IgA antibodies could
provide protection against breakthrough infection. However, it remains unclear whether
messenger RNA (mRNA)-based vaccines can induce such SIgA responses. Several studies
conclude that humoral mucosal immunity is largely driven by previous infection, with little
impact of vaccination,4-6 while others suggest that mRNA vaccination can by itself elicit long-
lasting anti—-SARS-CoV-2 mucosal IgA responses.7-11 Herein, we compared individuals with
previous SARS-CoV-2 infection and SARS-CoV-2—naive individuals included in the
CoviCompare P and CoviCompare M vaccination trials12 for their saliva and serum responses
after 2 different modes of antigenic challenge: infection and vaccination or vaccination alone.

Methods

The CoviCompare P and CoviCompare M trials received ethical approval from Comité De
Protection des Personnes lle De France 1. All participants provided written informed consent.
The study followed the Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) reporting guideline.

Participants

From February 19 to June 8, 2021, participants without prior SARS-CoV-2 infection received
either 2 doses of the mRNA-1273 (Moderna) vaccine in the CoviCompare M trial or the
BNT162b2 (Pfizer-BioNTech) vaccine in the CoviCompare P trial at 28 days apart, whereas
participants with a documented prior SARS-CoV-2 infection and positive serologic findings
received only 1 dose of BNT162b2 (Pfizer-BioNTech) in accordance with the French guidelines
at the time. In each trial, participants were healthy adults in stable medical condition. Samples
were collected at multiple times: before the first vaccine administration (day 1), before the
second vaccine administration (day 29), 28 days after the second vaccine dose (day 57), and 6
months after the first dose (day 180). Saliva was collected in a cup and serum was collected
by venipuncture. All biospecimen were stored at -80°C prior to analysis.

Overall, 180 and 267 patients were included in the CoviCompare M and P trials, respectively.
For the purpose of mucosal antibody analyses, 20 patients were excluded because (1) the
second vaccine dose was delayed by more than 14 days after the planned date (n=2); (2)
anti—nucleocapsid levels were either missing before day 180 or were above the positivity
threshold (n=13); or (3) a SARS-CoV-2 infection was documented (using polymerase chain
reaction analysis) at any time until day 180 (n =5).

After these exclusions, 427 participants were included in these analyses, among whom 120
had a documented SARS-CoV-2 infection at least 5 months prior to their single dose of
BNT162b2 vaccine (Pfizer-BioNTech) at the beginning of the pandemic, therefore at a period



when only ancestral wild-type SARS-CoV-2 (D614G) was circulating in France (Table). The
remaining 307 patients had no prior SARS-CoV-2 infection and received either 2 doses of
MRNA-1273 (Moderna) (n =172) or 2 doses of BNT162b2 (Pfizer-BioNTech) (n = 135).

Quantification of Total Saliva IgA and IgG by Enzyme-Linked Immunosorbent Assay

For quantification of total IgA levels, high-binding 96—half-well plates (2310M; Nunc) were
coated overnight at 4°C with 4 pug/mL of polyclonal goat anti-human IgA (11261; Sigma-
Aldrich) in phosphate-buffered solution (PBS). Serial dilutions of saliva in 5% skim milk in PBS,
supplemented with 0.1% polysorbate 20 (Tween 20; Sigma-Aldrich), were added and plates
were subsequently incubated for 1.5 hours at room temperature. Plates were then washed
and incubated for 1 hour at room temperature with horseradish peroxidase (HRP)—conjugated
polyclonal goat anti-human IgA (A0295; Sigma-Aldrich) diluted at 1:10 000 in PBS 5% milk.
Bound antibodies were detected using tetramethylbenzidine substrate (T0440; Sigma-
Aldrich). The color reaction was stopped with 0.5M sulfuric acid (H25S04) after a 10-minute
incubation, and the absorbance was measured at 450 nm in an enzyme-linked
immunosorbent assay (ELISA) plate reader (Varioskan; Thermo Fisher Scientific Inc). Serial
dilutions of prequantified saliva pool and monoclonal IgA were used for the generation of
standard curves and measurement of concentration.

For measurement of total IgG, goat antihuman IgG Fc fragment antibody (A80-104A; Bethyl
Laboratories) was coated overnight at 4°C (100 puL per well at 1 ug/mLin PBS) in 96-well plates
(Immuno Maxisorp plates; Nunc). Plates were blocked for 1 hour in combined PBS and 3%
bovine serum albumin, and a 500-fold dilution of saliva in combined PBS—3% bovine serum
albumin was added and incubated for 1 hour at room temperature. Plates were washed 5
times with PBS—0.5% polysorbate 20 (Sigma-Aldrich) and incubated for 1 hour at room
temperature with goat anti-human IgG Fc fragment HRP conjugated (A80-104P; Bethyl
Laboratories) diluted to 1:150 000. After washing, 100 pL of tetramethylbenzidine (002023;
Life Technologies) was added to each well, the reaction was stopped with 50 uL of 0.5M
H2S04 after 10 minutes of incubation, and the absorbance was measured at 450 nm in a
microplate reader. Calculation of individual IgG concentrations was based on standard curves
prepared with a commercial standard (N Protein Standard SL, model OQIM13; Siemens
Healthcare Diagnostics AG).

SARS-CoV-2 Spike- and Nucleocapsid-Specific Serum Antibody Quantification by ELISA

Serum samples were tested for anti—-SARS-CoV-2 IgG and IgA antibodies directed against the
S1 domain of the spike protein of the virus using a commercial ELISA kit (EUROIMMUN). The
kit is based on the detection of the Wuhan spike protein. Quantitative results were expressed
in standardized units (binding antibody units [BAU] per milliliter). Serum IgG levels against
SARS-CoV-2 nucleocapsid protein were detected using the V-PLEX COVID-19 serology kit
(Meso Scale Discovery) and interpreted according to the manufacturer’s instructions.

SARS-CoV-2 Spike-Specific Saliva Antibody Quantification by Digital ELISA

SARS-CoV-2 spike IgG antibody levels were measured as previously described13,14 by using a
SARS-CoV-2 spike IgG assay (Simoa Advantage kit; Quanterix Corporation) on the SR-X



Platform (Quanterix Corporation) according to the manufacturer’s instructions. Saliva samples
were diluted 100-fold in sample diluent provided in the kit. We used an ultrasensitive digital
ELISA for the measurement of specific anti-SARS-CoV-2 spike IgA mucosal responses, which
allowed a better discrimination from background signals than classical ELISA performed in
parallel on the same samples. The SARS-CoV-2 spike IgA antibody assay was developed using
reagents provided in the SARS-CoV-2 spike IgG assay kit (Quanterix Corporation). Saliva
samples were diluted 100-fold in sample diluent plus 0.5% polysorbate 20. Biotinylated
antihuman IgA (clone REA1014; Miltenyi Biotec) diluted in sample diluent at 100 ng/mL was
used as detector reagent. Streptavidin-B-galactosidase (SBG) was diluted to 25 pM in SBG
diluent (SR-X 103158; Quanterix Corporation). Calibrator reagent consisted of recombinant
anti—-SARS-CoV-2 spike IgA (clone CR3022; Diaclone) diluted in sample diluent in a 4-fold
dilution series (range, 0.05-200 ng/mL). Signals are expressed in BAU per milliliter. The lower
limit of quantification was estimated to be 10 BAU/mL (eMethods in Supplement 1).

To avoid biases related to the fact that total IgA concentration within saliva is variable in
samples from the same individual collected at different times, depending on various factors
such as mode of sample collection and stress,1 we normalized SARS-CoV-2 spike-specific IgA
and IgG titers to the total IgA and IgG concentrations, respectively, within each saliva sample.
Normalization of SARS-CoV-2 spike-specific saliva antibodies was calculated as follows:
Normalized 1gG = Anti—spike IgG/Total IgG and Normalized IgA = Anti—spike IgA/Total IgA.

Secretory SARS-CoV-2 Specific IgA Quantification by ELISA

To compare the best response in saliva samples among SARS-CoV-2—naive participants (ie, the
group receiving mRNA-1273 vaccine) with individuals who had a previous infection, for
secretory piece-bound SIgA only, we selected groups exposed to 2 antigenic stimulations:
previous infection and SARS-CoV-2—naive individuals after a single or a second injection,
respectively. High-binding 96—half-well plates (2310M) were coated overnight at 4°C with 1
ug/mL of S1 spike protein (Wuhan strain) in carbonate coating buffer. Saturation of the coated
plates were performed with 5% skim milk in PBS during 90 minutes at 37°C. Serial dilutions of
saliva in 5% skim milk in PBS supplemented with 0.1% polysorbate 20 were added, and plates
were subsequently incubated overnight at 4°C. Plates were then washed and incubated for 1
hour at room temperature with mouse antihuman secretory piece (1:1000 dilution;
MilliporeSigma). After washing, plates were then revealed with HRP-conjugated polyclonal
goat antimouse IgG (Invitrogen). Bound antibodies were detected using tetramethylbenzidine
substrate (T0440; Sigma-Aldrich). The color reaction was stopped with 0.5M H2S04 after 10-
minute incubation, and the absorbance was measured at 450 nm in an ELISA plate reader
(Varioskan).

Statistical Analysis

Data were analyzed from October 25, 2022, to July 13, 2023. Data were expressed as medians
(IQRs) for continuous data and as frequencies and proportions for categorical data. For specific
IgG and IgA levels, we computed a cutoff arbitrarily set at the mean plus 1 SD of measurements
performed at baseline in SARS-CoV-2—naive participants. Comparisons between groups were
performed using the Wilcoxon rank sum test (with stratification on age as sensitivity analysis)
and Fisher exact test for categorical data. Within groups, comparisons between different



times were performed using Wilcoxon rank sum test for paired data or McNemar test for
proportions of participants above threshold. Fold changes of the geometric means were
estimated with their 95% CI. All tests were performed on log10-transformed data at the 2-
sided 5% significance level (P < .05). Correlations between salivary and serum antibody levels
were estimated using the Spearman correlation coefficient. All calculations were performed
using R software, version 4.1.1 (R Program for Statistical Computing).

Results

We included 427 participants at the beginning of the pandemic, a period when only ancestral
wild-type SARS-CoV-2 (D614G) was circulating in France. Of these, 120 participants had a
documented SARS-CoV-2 infection prior to their single dose of BNT162b2 vaccine. The median
age was 68 (IQR, 39-75) years; 228 participants (53.4%) were men and 199 (46.6%) were
women. Race and ethnicity data were not collected, in conformity to French law.

Serum baseline SARS-CoV-2 spike-specific 1gG and IgA levels (Figure 1 and eTable 1 in
Supplement 1) were elevated in individuals with previous infection and increased to higher
levels following vaccination, compared with SARS-CoV-2—naive individuals. Among SARS-CoV-
2—naive patients, at all times following vaccination, serum anti—spike IgG and IgA levels were
significantly higher in the mRNA-1273 compared with the BNT162b2 groups (IgG: 285.4 vs
117.5 BAU/mL at day 29, 2090.9 vs 1292.4 BAU/mL at day 57, and 395.4 vs 247.9 BAU/mL at
day 180 [P < .001 for all comparisons]; IgA: 217.1 vs 74.4 BAU/mL at day 29, 603.9 vs 249.4
BAU/mL at day 57, and 119.2 vs 63.0 BAU/mL at day 180 [P < .001 for all comparisons]) (Figure
1).

A significant increase in specific IgG saliva levels was mostly detected after vaccination in
previously infected individuals, but also in SARS-CoV-2—naive individuals after each injection
(Figure 2). Levels of salivary and serum anti—spike IgG antibodies were correlated in all 3
groups and at all times measured (eFigure 1 in Supplement 1), consistently with the known
predominant systemic origin of saliva IgG.1

The highest levels of SARS-CoV-2 spike-specific saliva IgA were detected in patients with
previous infection 1 month after vaccination and slightly declined afterward (medians of
normalized levels: 155 x 10-5 [IQR, 69 x 10-5 to 387 x 10-5] at day 29; 107 x 10-5 [IQR,
63 x 10-5 to 217 x 10-5] at day 57; and 104 x 10-5 [61 x 10-5 to 208 x 10-5] at day 180)
(Figures 1 and 3 and eTable 2 in Supplement 1). Levels were lower in SARS-CoV-2—naive
recipients of the mRNA-1273 vaccine (37 x 10-5 [IQR, 23 x 10-5 to 71 x 10-5] at day 29;
54 x 10-5[IQR, 31 x 10-5t0 90 x 10-5] at day 57; and 70 x 10-5 [IQR, 41 x 10-5t0 118 x 10-5]
at day 180 [P <.001]). Levels of serum anti—spike IgA were better correlated with salivary-
specific IgA among individuals with previous infection (remaining at day 180), rather than that
of individuals without a prior infection (eFigure 1 in Supplement 1). In the latter groups, the
correlation between blood and saliva IgA levels remained weak, with correlation coefficients
substantially smaller than in individuals with previous infection (eFigure 1 in Supplement 1).

SARS-CoV-2 spike-specific saliva IgA levels remained more elevated 180 days after vaccination
in individuals with previous infection compared with mRNA-1273—-vaccinated individuals
(104 x 10-5 [IQR, 61 x 10-5 to 208 x 10-5] vs 70 x 10-5 [IQR, 41x 10-5 to 118 x 10-5];



P <.001) (Figure 1 and eTable 2 in Supplement 1). In individuals without prior infection,
compared with day 1, increases of specific salivary IgA levels were substantially smaller,
particularly after BNT162b2 vaccination, reaching statistical significance only at day 57
(36 x10-5 [IQR, 19 x 10-5 to 79 x 10-5] vs 49 x 10-5 [IQR, 25 x 10-5 to 103 x 10-5]; P =.01)
(Figure 3). In mRNA-1273-vaccinated individuals, specific saliva IgA levels increased
significantly, albeit modestly, after the first (day 29 vs day 1, 1.4-fold [95% Cl, 1.3- to 1.6-fold]
change of geometric mean; P <.001) (eTable 3 in Supplement 1) and second vaccine doses
(day 57 vs day 29, 1.3-fold [95% CI 1.1- to 1.5-fold] change of geometric mean; P < .001) (Figure
3 and eTable 3 in Supplement 1). In parallel, specific serum IgA levels increased in the same
participants by 64.5-fold at day 29 vs day 1 (95% Cl, 54.8- to 75.8-fold) and 182.6-fold at day
57 vs day 1 (95% Cl, 154.3- to 216.1-fold) (eTable 1 in Supplement 1). Similar to IgG, salivary
anti—spike IgA levels were significantly higher at day 180 in the mRNA-1273 group, compared
with the BNT162b2 group (70 x 10-5 [IQR, 41 x 10-5 to 118 x 10-5] vs 43 x 10-5 [IQR, 24 x
10-5to 84 x 10-5]; P <.001) (Figure 1). By definition, anti—nucleocapsid 1gG levels were below
the positivity threshold in individuals assigned to the mRNA-1273 group. Nevertheless, to
verify whether asymptomatic infections might explain the late increase in anti—spike saliva IgA
in the mMRNA-1273 group, we split individuals in 2 groups according to anti—nucleocapsid IgG
levels (SARS-CoV-2 nucleocapsid is not encoded by mRNA vaccines). As shown, anti—spike
saliva IgA levels were not significantly elevated in individuals with anti—nucleocapsid serum
IgG levels at day 180 above the 90th percentile of the distribution, compared with the others
(eFigure 2 in Supplement 1). In conclusion, we did not find evidence that asymptomatic
infections might explain the late increase in anti—spike saliva IgA in the mRNA-1273 group.

Finally, we verified whether bona fide mucosal secretory IgA could be locally induced at similar
levels in SARS-CoV-2—naive individuals and those with previous infections by comparing SIgA
levels at their peak of response in both groups (ie, days 57 and 29, respectively). As shown
(Figure 4 and eTable 4 in Supplement 1), spike-specific SIgA levels were significantly more
elevated in previously infected individuals (median optical density, 0.36 [IQR, 0.16-0.63] vs
0.16 [IQR, 0.10-0.22]; P <.001). Age-stratified Wilcoxon rank sum tests as sensitivity analyses
for the comparisons between individuals with previous infection and SARS-CoV-2—naive
individuals produced similar results as nonstratified tests, suggesting that differences
between these groups were not confounded by age.

Discussion

In this cohort study, we compared individuals with previous SARS-CoV-2 infection and SARS-
CoV-2—naive individuals included in 2 large vaccination trials for their saliva and serum IgA and
IgG antibody responses. Importantly, we limited the study to individuals vaccinated at the
beginning of the pandemic to select a substantial number of confirmed SARS-CoV-2—-naive
participants to be included in the study.

Since SARS-CoV-2 infection became extremely prevalent in Europe and in the US, we speculate
that some of the previous inconsistencies reported in the literature3-11 on saliva IgA
responses might relate to difficulties recruiting participants who were truly SARS-CoV-2 naive.
Many SARS-CoV-2 infections are indeed asymptomatic and even more so in the recent phases
of virus circulation.15 Furthermore, infections do not always leave a lasting serologic
signature.15 A recent study11 including a proportion of individuals with a history of SARS-CoV-



2 infection concluded that mRNA vaccination induces by itself a robust mucosal antibody
production. In this study, more robust responses were induced primarily in participants with
previous infection (Figures 1 and 3).

However, a modest but significant increase in specific saliva IgA levels was observed in SARS-
CoV-2—naive individuals receiving mRNA-1273 (Moderna) after the first and second
administrations (Figure 1 and eTable 3 in Supplement 1). In parallel, specific serum IgA levels
increased by 64.5-fold in the same participants (eTable 1 in Supplement 1). The correlations
observed between serum and saliva IgA levels (eFigure 1 in Supplement 1) do not imply a
blood origin for salivary IgA. Since the digital ELISA used in the study detects total anti—spike
IgA, encompassing SIgA and possibly monomeric blood-borne IgA, we also measured
electively secretory piece-bound SlgA to verify that bona fide SIgA levels were detected both
in SARS-CoV-2—naive individuals and those with previous infection. However, specific SIgA
levels were significantly more elevated in individuals with previous infection compared with
SARS-CoV-2—naive individuals who received 2 antigenic stimulations (Figure 4).

Interestingly, we noted that anti—spike saliva IgA levels significantly increased between days
57 and 180 in the mRNA-1273 group (Figures 1 and 3), corresponding to an increase from 40
of 164 individuals (24%) to 55 of 159 (35%) with specific IgA levels above threshold (Figure 3).
We reasoned that such a late variation could be related to asymptomatic SARS-CoV-2
infections. Data pertaining to anti—nucleocapsid saliva levels, by definition always below
detection threshold in infection-naive individuals, were available to test that hypothesis. We
found no correlation between anti—spike saliva IgA and serum anti—nucleocapsid IgG levels
(eFigure 2 in Supplement 1) that could have pointed in the direction of asymptomatic
infections to explain a late increase in anti—spike saliva IgA levels in the mRNA-1273 vaccine
group. It appears unlikely as well that late seronegative SARS-CoV-2 infections would have
only occurred in the same latter group. Finally, our observation that specific serum and saliva
IgA levels were significantly higher in SARS-CoV-2—naive individuals at day 180 after
vaccination with mRNA-1273 (Moderna) compared with BNT162b2 (Pfizer-BioNTech) (Figure
1) coincides with reports of more elevated antibody responses, which are associated with
slightly lower hospitalization rates in the former group.16,17

Limitations

This study has some limitations. We cannot determine whether the discrete increase in
specific SIgA observed in some SARS-CoV-2—naive vaccinations is the result of asymptomatic
or seronegative exposures to respiratory virus, mucosal seeding by rare antibody-secreting
cells trafficking from vaccine-draining lymph nodes, or both. In addition, we did not include
data on neutralizing antibodies; however, prior studies2,18 suggest that specific antibody
levels are strongly correlated. The number of vaccine breakthrough cases reported in our
cohort was too limited to address the association between SlIgA levels and prevention of
infection or transmission of SARS-CoV-2.

Conclusion



The findings of this cohort study suggest that mRNA vaccination was associated with mucosal
immunity in individuals with prior SARS-CoV-2 infection. Further studies are needed to
determine the association between SIgA levels and prevention of infection or transmission.
Back to top
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Table. Participant Characteristics

Participant group
Infection naive Infection naive Previous infection
with mRNA-1273 withBNT162b2 BNT162b2
(Moderna) (Pfizer-BioNTech) (Pfizer-BioNTech)
Characteristic All(n = 427) (n=172) (n=135) (n=120) P value®
Age, median (IQR), v 68 (39-75) 69 (40-75) 68 (39-75) 67 (37-70) .05
Age group, No. (%)
18-45 152 (36) 55(32) 47 (35) 50 (42)
65-74 168 (39) 69 (40) 50(37) 49 (41) .20
>74 107 (25) 48 (28) 38 (28) 21(18)
Sex, No. (%)
Men 228 (53) 98 (57) 68 (50) 62 (52) o
Wainen 199 (47) 74 (43) 67 (50) 58 (48) : Abbreviation: NA, not applicable.
Body mass index, 25 (22-27) 25 (22-27) 24 (22-27) 25 (22-29) 11 - Calculated using Kruskal-Wallis rank sum test or
median (IQR)® Fisher exact test.
First dose injection February 19to  February 19 to March 10 to March 15 to NA b Calculated as weight in kilograms divided by height
date, range June 8, 2021 April 16, 2021 May 4, 2021 June §, 2021

in meters squared.




Figure 1. Longitudinal Evolution of Serum and Salivary Anti-Spike IgG and IgA Following Messenger RNA (mRNA) Vaccination in Individuals With or Without
Previous Exposure to SARS-CoV-2
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Evolution over time in individuals with previous SARS-CoV-2 infection receiving the BNT162b2 (Pfizer-BioNTech) vaccine, SARS-CoV-2-naive individuals receiving the mRNA-1273
(Moderna) vaccine, and SARS-CoV-2-naive individuals receiving BNT162b2 (Pfizer-BioNTech) of median log,; levels of salivary and serum anti-spike 1gG or IgA at days 1, 29, 57, and
180 after vaccination. Error bars indicate 95% Cl. Dotted lines indicate threshold values computed as mean plus 15D of measurements made at day 1 among patients without prior

infection. Results of comparison between groups at each time (Wilcoxon rank sum test) are shown.
# P = 001, previous infection vs infection naive with mRNA-1273 vaccine.
B P = 001, previous infection vs infection naive with BNT162b2 vaccine.

= P = .001, infection naive with mRNA-1273 vaccine vs infection naive with BNT162b2 vaccine.



Figure 2. Salivary Anti-Spike IgG Response Following Messenger RNA (mRNA) Vaccination
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Evolution over time in SARS-CoV-2-naive individuals receiving the mRNA-1273 (Moderna) vaccine or BNT162b2 (Pfizer-BioNTech) vaccine and previously infected individuals receiving
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blue bars indicate median values. Results of the comparison between time points (Wilcoxon rank sum test) are provided in eTable 5 in Supplement 1.



Figure 3. Salivary Anti-Spike IgA Response Following Messenger RNA (mRNA) Vaccination
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Figure 4. Multimeric Secretory Anti-Spike IgA After Vaccination in the Saliva of Individuals
With Previous Infection Compared With SARS-CoV-2-Naive Individuals

Measure of anti-spike secretory IgA by classic enzyme-
linked immunosorbent assay, using antisecretory piece
detection antibodies. SARS-CoV-2-naive individuals
received the mRNA-1273 (Moderna) vaccine and
previously infected individuals received the BNT162b2
(Pfizer-BioNTech) vaccine. Horizontal orange bars
indicate median values. Results of the comparison
between groups (Wilcoxon rank sum test) are shown.
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eTable 1. Serum SARS-CoV-2 Spike-Specific IgG and IgA

Abbreviation: IQR: interquartile range

D1 D29 D57 D180

mRNA-1273, N =172

IgG, Median 0.3 2854 2,090.9 395.4

(IQR) (0.2-0.7) (152.4 — 493.6) (1,250.6 — 3,051.4) (201.4 — 621.3)

Missing 0 0 0 0

IgA, Median 29 2171 603.9 119.2

(IQR) (1.9-5.5) (111.5-474.1) (315.3 - 1,209.1) (53.5-260.0)

Missing 0 0 0 0

BNT162b2, N = 135

IgG, Median 0.3 117.5 1,292.4 247.9

(IQR) (0.2-10.6) (57.4 — 243.0) (794.2 - 2,031.6) (144.5 - 380.0)

Missing 0 0 0 1

IgA, Median 34 74.4 249.4 63.0

(IQR) (2.0-6.7) (40.0 — 164.0) (144.3 — 483.3) (33.0-151.8)

Missing 1 0 0 1

Previously Infected, N = 120

IgG, Median 132.7 6,888.8 4,859.1 2,110.9

(IQR) (38.8—-276.2) (4,000.2 - 12,696.6) (2,850.4 — 7,970.2) (698.8 —
4,493.4)

Missing 0 0 4 5

IgA, Median 103.2 2,211.5 1,438.6 813.4

(IQR) (44.8 — 215.0) (858.9 —4,497.9) (705.1 — 2,753.1) (409.1 —
1,880.7)

Missing 0 0 4 5

~—Quantitative results expressed in standardized binding antibody units per mL (BAU/mL).




Table 2. Salivary SARS-CoV-2 Spike-Specific IgG and IgA

D1 D29 D57 D180
MmRNA-1273, N =172
IgG saliva, normal- 0.00002 0.00060 0.00440 0.00081
ized’, Median (IQR) (0.00001 — (0.00030 — 0.00109) (0.00278 — 0.00725) (0.00040 —
0.00007) 0.00137)
Missing 5 1 3 13
IgA-saliva, normal- 0.00026 0.00037 0.00054 0.00070
ized",Median (IQR) (0.00015 — (0.00023 — 0.00071) (0.00031 — 0.00090) (0.00041 —
0.00048) 0.00118)
Missing 5 2 8 13
BNT162b2, N = 135
IgG saliva, normal- 0.00003 0.00028 0.00292 0.00045
ized’, Median (IQR) (0.00001 — (0.00011 — 0.00061) (0.00140 — 0.00544) (0.00025 —
0.00009) 0.00073)
Missing 0 0 1 2
IgA saliva, normal- 0.00036 0.00044 0.00049 0.00043
ized", Median (IQR) (0.00019 — (0.00021 — 0.00070) (0.00025 — 0.00103) (0.00024 —
0.00079) 0.00084)
Missing 6 8 14 2
Previously Infected, N = 120
IgG saliva, normal- 0.00021 0.00990 0.00935 0.00382
ized', Median (IQR) (0.00009 — (0.00340 — 0.01915) (0.00387 — 0.01900) (0.00152 —
0.00059) 0.01085)
Missing 3 2 10 4
IgA saliva, normal- 0.00052 0.00155 0.00107 0.00104
ized”, Median (IQR) (0.00030 — (0.00069 — 0.00387) (0.00063 — 0.00217) (0.00061 —
0.00105) 0.00208)
Missing 7 6 20 4

Abbreviation: IQR: interquartile range

"Normalized IgG = ng (specific IgG)/ng (total IgG)

“Normalized IgA = AU (specific IgA)/ng (total IgA)




eTable 3. Intragroup Longitudinal Variations of Salivary SARS-CoV-2 Spike-Specific IgA

Missing p-value' Fold change (Cl 95%)

MmRNA-1273, N =172

D1 D29 6 <0.001 1.41(1.25-1.59)
D1 D57 12 <0.001 1.89(1.64 -2.17)
D1 D180 18 <0.001 2.45 (2.09 - 2.87)
D29 D57 9 <0.001 1.30 (1.14 - 1.48)
D57 D180 21 0.002 1.27 (1.08 - 1.50)

BNT162b2, N = 135

D1 D29 10 0.25 1.11(0.94 - 1.31)
D1 D57 17 0.01 1.29 (1.08 - 1.54)
D1 D180 8 0.41 1.15(0.93 - 1.42)
D29 D57 15 0.07 1.17 (0.96 - 1.42)
D57 D180 15 0.16 0.86 (0.68 - 1.09)

Previously Infected, N = 120

D1 D29 10 <0.001 2.86 (2.31-3.54)
D1 D57 23 <0.001 1.89 (1.52 - 2.36)
D1 D180 11 <0.001 1.80 (1.45 - 2.25)
D29 D57 21 <0.001 0.64 (0.53-0.79)
D57 D180 21 0.28 0.93 (0.76-1.15)

Abbreviation: Cl: confidence interval

"Wilcoxon rank sum test for paired data



eTable 4. SARS-CoV-2 Spike-Specific Secretory IgA (OD)

mRNA-1273 D57, Previously infected D29, value'
N =172 N =120 P
OD, Median (IQR) 0.16 (0.10 — 0.22) 0.36 (0.16 — 0.63) <0.001
Missing 2 2

Abbreviation: IQR: interquartile range; OD: optical density

"Wilcoxon rank sum test; 2Wilcoxon rank sum test stratified on age



eFigure 1. Correlations Between Serum and Saliva IgG and IgA
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Correlations between serum and saliva I1gG (left column), serum and saliva IgA (right)
at indicated times (day 29, 57 and 180) after vaccination in BNT162b2-vaccinated
previously infected individuals (PI, blue), mMRNA-1273-vaccinated naive individuals
(M, red) and BNT162b2-vaccinated naive individuals (P, green). Regression lines are
standard linear regressions. Spearman rank correlations are shown on top of each
graph along with 95% confidence intervals and p-values.



eFigure 2. No Serological Evidence for Asymptomatic Infection in Moderna-
Vaccinated Individuals With Late Increase in Specific Saliva IgA
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By definition all individuals tested here had antinucleocapsid antibodies below detec-
tion threshold. Levels of salivary anti-spike IgA at day 180 (measured by digital Elisa)
among SARS-CoV-2-naive individuals following 2 mRNA-1273 injections split in two
groups according to antinucleocapsid signals recorded. Groups were formed accord-
ing to serum Elisa signals against nucleocapside measured by classical Elisa at day
180 in naive individuals (being lower or greater than the 90th percentile of the anti-N
distribution). Dotted line indicates threshold value for specific IgA positivity computed
arbitrarily as the mean + 1 standard deviation of measurements performed at base-
line in naive individuals. Green plain lines indicate median values of antinucleocapsid
signals. Results of comparison between groups (Wilcoxon rank sum test) are shown
with p > 0.05: ns.



eMethods. Digital ELISA Assay for SARS-CoV-2 Spike-Specific IgA

In the first step of the assay, 25 pyL of SARS-CoV-2 spike-coupled beads (Bead Reagent from the
SARS-CoV-2 spike IgG Advantage Assay kit) were incubated with 100 pL of diluted saliva in a 96-well
conical bottom plate for 30 min at 30°C at 800 rpm. The plate was washed on a Simoa microplate
washer equipped with a magnet, and the beads were incubated with 100 pL of detector reagent for 10
minutes at 30°C at 800 rpm. After a new washing step, beads were incubated with the SBG reagent
and incubated at 30°C at 800 rpm for 10 minutes. The beads were then washed twice in buffer B at
800 rpm for 1 minute. Buffer was then removed and the beads were dried for 10 minutes on the mag-
net. The plate was then transferred to the SR-X instrument with RGP reagent and read according to a
home-brew analysis protocol. The concentration of each sample was calculated based on the four-
parameter logistic fitting model generated with the calibrators. Signals are expressed in binding anti-
body units (BAU)/mL.

Limit of Detection: Lower Limit of Detection (LOD) is calculated as 2.5 Standard Deviations above
the background (mean of calibrator blanks).

Mean LOD: 0.074 BAU/mL (Range: 0.030 — 0.134 BAU/mL)

Limit of Quantification: Lower Limit of Quantification (LLOQ) is the highest concentration of calibra-
tor with < 20% pooled CV.

Mean LLOQ: 0.093 (Range: 0.067 — 0.148 BAU/mL)

Functional LLOQ is the Analytical LLOQ multiplied by the Minimum Required Dilution (1:100): 9.25
BAU/mL

Data normalization: To minimize the impact of variations between runs, all sample concentrations
were normalized. Six saliva samples diluted 1:100 were used as controls in each run performed on the
SR-X analyser (Quanterix®). The average concentration of controls and the corresponding AEB val-
ues (AEB: average enzymes per bead is the unit of measurement for Simoa) were used to construct a
new calibration curve for each analysis. The mean concentration corrected for MRD (BAU/mL) and the
coefficient of variation (% CV) based on concentration are reported in the table below.

(B"X'S?QL) 16 95 146 241 1248 1976
Range 13-20 76 - 123 121-163 | 203-280 | 893-1665 | 1398 - 2843
cV 14% 17% 11% 12% 18% 229

Anti-SARS-CoV-2 spike IgA binding capacity in samples is related to antibody concentration but also
to affinity and avidity (dimer vs monomer) effects. IgA are mostly dimeric in saliva. For that reason, we
chose here to express anti-Spike IgA data as BAU (binding antibody units) and not in concentration
(ng/ml). Although useful, available monomeric recombinant anti-Spike IgA antibodies cannot be used
as calibrators to measure accurate concentrations. Furthermore, after vaccination or infection, the anti-
Spike IgA response is polyclonal and the overall binding capacity of this heterogeneous population of
antibodies may not be comparable to that of a monoclonal IgA used as a reference.
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