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Summary
Background Although the BNT162b2 COVID-19 vaccine is known to induce IgG neutralizing antibodies in serum
protecting against COVID-19, it has not been studied in detail whether it could generate specific immunity at muco-
sal sites, which represent the primary route of entry of SARS-CoV-2.

Methods Samples of serum and saliva of 60 BNT162b2-vaccinated healthcare workers were collected at baseline,
two weeks after the first dose and two weeks after the second dose. Anti-S1-protein IgG and IgA total antibodies titres
and the presence of neutralizing antibodies against the Receptor Binding Domain in both serum and saliva were
measured by quantitative and by competitive ELISA, respectively.

Findings Complete vaccination cycle generates a high serum IgG antibody titre as a single dose in previously
infected seropositive individuals. Serum IgA concentration reaches a plateau after a single dose in seropositive indi-
viduals and two vaccine doses in seronegative subjects. After the second dose IgA level was higher in seronegative
than in seropositive subjects. In saliva, IgG level is almost two orders of magnitude lower than in serum, reaching
the highest values after the second dose. IgA concentration remains low and increases significantly only in seroposi-
tive individuals after the second dose. Neutralizing antibody titres were much higher in serum than in saliva.

Interpretation The mRNA BNT162b2 vaccination elicits a strong systemic immune response by drastically boosting
neutralizing antibodies development in serum, but not in saliva, indicating that at least oral mucosal immunity is
poorly activated by this vaccination protocol, thus failing in limiting virus acquisition upon its entry through this
route.
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Research in context

Evidence before this study

On December 6th, 2021, we searched PubMed website
for published peer-reviewed research articles written in
English using the search terms “BNT162b2 vaccine”,
“salivary antibodies” and “oral mucosal immunity”. Sev-
eral studies have shown that BNT162b2 COVID-19
mRNA vaccine induces neutralizing antibody responses
in healthy adults and one single dose promotes a similar
or even higher immune response in individuals with
prior SARS-CoV-2 infection than in infection naïve indi-
viduals receiving two-dose immunization. However, we
identified only three studies investigating the activation
of a specific oral mucosal immunity after mRNA vaccina-
tion. They reported that within 1-2 weeks after the sec-
ond dose, vaccinated subjects had S-protein IgG
antibodies in their saliva, while IgA were detected in a
substantial proportion, but results were inconsistent.
Assessing the mucosal immune response might provide
further information about the vaccine efficacy in pro-
tecting the host from the infection, since the mucosal
sites represent the first route of entry of the virus.

Added value of this study

This is the first report assessing the development of
both total IgG and IgA antibodies in the saliva and the
neutralizing activity against both the wild-type and
Delta variant of the Receptor Binding Domain in individ-
uals who underwent the BNT162b2 vaccination proto-
col. Our findings demonstrate that although mRNA
vaccination elicits a strong systemic immune response
associated with high serum IgG antibody titres, it is not
able to promote an effective activation of the mucosal
immune response. The neutralizing activity in saliva was
lower than that measured in the serum and was mainly
provided by salivary IgG that are exuded from the
serum. Only in previously exposed individuals the
increase of salivary IgA was more pronounced.

Implications of all the available evidence

Our findings indicate that intramuscular administration
of the mRNA BNT162b2 vaccine promotes a strong sys-
temic immune response but only weakly induces the
production of salivary IgG and in less extent salivary
IgA. The low IgA antibodies titre in saliva suggests a lack
of stimulation of secretory IgA and therefore an ineffec-
tive activation of mucosal immunity by systemic vacci-
nation. Distinct routes of immunization, such as the
nasal or oral, might represent a new challenge in the
booster doses of vaccine to increase oral or respiratory
mucosal immunity against SARS-CoV-2, as at these sites
the first contact with the virus takes place. This should
be desirable to block primary virus infection more effi-
ciently and to obtain sterilizing immunity.
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Introduction
Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) is the causative agent of coronavirus dis-
ease 2019 (COVID-19), an acute respiratory syndrome
with a complex and highly variable disease pathology.
The appearance of SARS-CoV-2 has led to a rapidly
spreading pandemic with more than 260 million cases
and over 5,200,000 deaths reported worldwide.1 Several
features of SARS-CoV-2, including its ability to effi-
ciently replicate in the mucosa of upper respiratory
tract, the presence of many asymptomatic and pauci-
symptomatic infected individuals producing infectious
virus, and its variable incubation time of about 3 to
14 days, have likely contributed to its rapid spread.2

The severe and worldwide effect of the pandemic on
human society calls for the rapid development of safe
and effective preventive and therapeutic drugs to control
SARS-CoV-2 spreading.3 The BNT162b2 and mRNA-
1273 COVID-19 vaccines constitute an unprecedented
innovative tool for mass immunization, since they rep-
resent the first two vaccines based on the messenger
RNA (mRNA) technology distributed at a large-scale in
the general population.4 The BNT162b2, a mRNA vac-
cine that expresses the prefusion stabilized full Spike
glycoprotein (S) of SARS-CoV-2 isolate Wuhan-Hu-1
(GenBank accession number, MN908947.3), is 95%
effective against the onset of severe COVID-19 in a
phase III trial after 7 days from the second dose
injection.5

Nevertheless, although several reports have assessed
the generation of vaccine-induced IgG neutralizing anti-
bodies (NAb) in the serum of immunized individuals,
few data are available regarding the activation of a spe-
cific mucosal immunity.6 The respiratory tract,7 the oral
mucosa,8 and conjunctival surfaces9 represent the pri-
mary route of entry of SARS-CoV-2, thus anti-SARS-
CoV-2 vaccines inducing specific immune response in
these districts might become a crucial tool to counteract
the pandemic.

Mucosal humoral immunity is mainly constituted by
secretory IgA (sIgA), which play an important role in
host defense against respiratory pathogens, as SARS-
CoV-2.10 sIgA may prevent SARS-CoV-2 adhesion to tar-
get epithelial cells via neutralization of the coronavirus
Spike protein or binding to the SARS-CoV-2 Nucleocap-
sid protein.11 Furthermore, salivary sIgA might repre-
sent a non-invasive tool to stratify the population into
different risk categories and inform individual and col-
lective decisions relating to appropriate vaccine prioriti-
zation.12 Here we assessed the mucosal immune
response in healthy individuals who underwent the
mRNA BNT162b2 COVID-19 vaccination by measuring
total IgG and IgA antibodies against the S protein of the
virus both in serum and saliva, as well as the specific
www.thelancet.com Vol xx Month xx, 2021
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NAb against SARS-CoV-2 Receptor-Binding Domain
(RBD) in both the compartments. We report the unprec-
edented finding that the IgG titer threshold of
1.54 ng/ml in saliva is predictive of seropositivity, sug-
gesting that salivary IgG antibodies (Ab) might repre-
sent a suitable indication of seroconversion.
Methods

Study design and participants
We performed an observational cohort study recruiting
60 healthcare workers (HCW) of our hospital (ASST dei
Sette Laghi) who underwent a complete BNT162b2 vac-
cination protocol (two doses, three weeks apart) between
December 30th, 2020, and January 20th, 2021, to assess
both the systemic and mucosal antibody response eli-
cited by the vaccination. The clinical protocol for sample
and data collection and the informed consent were
approved by the Institutional Ethics Committee (Comi-
tato Etico dell’Insubria, n° 165/2020).

At study design, we considered the Area Under the
ROC Curve (AUC) as a measure of accuracy for salivary
IgG vs. serum chemiluminescent assay (CLIA) as gold
standard. We hypothesized an AUC of 0.75 to identify
positive (i.e., CLIA � 15 AU/ml) subjects, and we
assumed a positive:negative ratio ranging from 5 to 6.
Under these assumptions, the study with a planned
sample size of 60 workers has a probability of 80% to
detect a true AUC larger than 0.5 at a type-I error of 5%.

Eligible participants were 18 years old or older, and
negative for SARS-CoV-2 infection as assessed by
Nucleic Acid Amplification Test (NAAT). Glucocorticos-
teroid and/or immunosuppressant drugs, autoimmune
disorders, and pregnancy were indicated as exclusion
criteria.

The samples of serum and saliva were collected at
three different time points: day of the first dose (T0),
two weeks after the first dose (T1) and two weeks after
the second dose (T2). Blood samples were collected into
a sterile 5 ml container with gel separator, and then cen-
trifuged at 3,000 g for 5 minutes to obtain the serum
fraction. Saliva was self-collected by spitting under the
supervision of a trained provider13 (Supplementary
Appendix).

The following clinical data were recorded: age, sex,
and the presence of side effects after each vaccine injec-
tion. For those subjects who reported a previous expo-
sure to SARS-CoV-2, confirmed either by serological
testing or NAAT, additional information about the date
of the diagnosis, the presence of symptoms and the
severity of the disease were recorded.
Antibody measurement
A commercial enzyme-linked immunosorbent assay
(ELISA) specific for S1 protein of SARS-CoV-2 was used
to measure both IgG and IgA Ab titres in serum and
www.thelancet.com Vol xx Month xx, 2021
saliva samples according to the manufacturer’s instruc-
tions (Anti-nCoV19 S1 IgG/IgA HS Immunospark,
Pomezia, Italy). Serum samples were analyzed at 1:100,
1,1000 and 1:10,000 dilution, while the saliva samples
were diluted at 1:3, 1:10, 1:100, and 1:1000. The results
were expressed as ng/ml.

Serum IgG against SARS-Cov-2 S1/S2 Spike protein
subunits were measured by CLIA (LIAISON� Dia-
Sorin).14 The results were expressed as arbitrary units
(AU/ml), with a negative and positive cut-off of
15 AU/ml and 400 AU/ml, respectively. Values greater
than 400 AU/ml were expressed as 400.

The presence of anti-Receptor Binding Domain
(RBD) NAb in serum and saliva was assessed by com-
petitive ELISA, following the manufacturer’s instruc-
tions (cPASSTM SARS-CoV-2 Neutralization Antibody
Detection Kit, GenScript). Briefly, 10 µl of serum were
diluted in 90 µl of sample dilution buffer, while the
saliva was used undiluted. Positive and negative serum
controls provided within the kit were used as reference
for the serum NAb, while known positive and negative
salivary samples were used as reference for the salivary
NAb. The optical density (OD) average of the negative
controls was used to calculate the percentage of inhibi-
tion according to the formula: (1 � OD value of the sam-
ple / OD value of negative control) x 100%. A cut-off
value of 30% was used to discriminate between the pres-
ence or absence of NAb, according to the man-
ufacturer’s instructions. In case of positivity, the
percentage of inhibitory activity (INH) was also
assessed. To verify the efficacy of the mucosal immune
response against the variants of concern, the serum and
the salivary samples of those individuals who showed
inhibitory activity in their saliva against the wild-type
antigen (i.e., Wuhan-Hu-1 RBD) were also tested against
the RBD of the Delta variant (lineage B.1.617.2; E484Q
and L452R).
Statistical analysis
Participant characteristics and side effects after the first
and second vaccine doses were summarized using stan-
dard descriptive statistics, in individuals with and with-
out previous SARS-CoV-2 infection taken separately.

To account for their skewed distributions, at each
visit time, we calculated sample medians and interquar-
tile range for serum and salivary IgG and IgA, in the
overall sample and according to previous SARS-CoV-2
infection. To estimate time trends in serum and salivary
IgG and IgA, we used repeated-measure regression
models, with baseline value, time visit, previous SARS-
CoV-2 infection status, and the interaction between
time and infection status as independent variables.
Again, we modelled log-transformed IgG and IgA val-
ues, and reported the geometric mean concentrations
(GMC). We used an unstructured variance-covariance
matrix, to allow a flexible intra-individual correlation
3
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between IgG and IgA at different times and robust stan-
dard error estimates (empirical GEE). At T1 and T2, dif-
ferences in logarithmic IgG and IgA from baseline
(with 95% confidence intervals) were estimated using
SAS macro NLEstimate.15

In addition, we estimated the AUC for both serum
and salivary IgG at CLIA threshold for positivity (i.e., �
15 AU/ml) and at a value indicative of a good immune
response after the vaccination (i.e., �90 AU/ml)16 from
logistic regression models. We also reported sensitivity
(Se) and specificity (Sp) (with 95% confidence intervals)
at the best serum and salivary IgG thresholds as defined
according to the Youden method17 and estimated
through the ‘OptimalCutpoints’ package in R (3.6.3
release).18 The software for the remaining analyses was
SAS Software (9.4 release).
Role of funders
This work was funded by the Department of Medicine
and Surgery, University of Insubria, and partially sup-
ported by Fondazione Umberto Veronesi (COVID-19
Insieme per la ricerca di tutti, 2020). The funders had
no role in the experimental design, collection of data or
writing the paper.
Results

Participants
Sixty healthy HCW were enrolled in the study and vacci-
nated with the BNT162b2 COVID-19 vaccine. The
mean age of the study participants was 41.2§ 10.4 years
(range, 26-62 years) and 40 subjects (i.e., 66.7%) were
female. Clinical data and systemic side effects to each
injection were reported in Table S1.
BNT162b2-vaccine induced antibody response
Concentrations of S1-binding IgG and IgA Ab were
assessed both in serum and saliva samples at baseline
(T0), two weeks after the BNT162b2 priming dose (T1)
and two weeks after the boosting dose (T2).

Firstly, all the serum samples were analyzed by the
CLIA assay, and we could measure the presence of an
IgG antibody titre in 10 (from now named seropositive
subjects, SP) out of the 60 enrolled subjects, but not in
the other 50 subjects (from now named seronegative
subjects, SN) (Figure S1, Table S2). Of note, this value
(T0GMC: 64.2 AU/ml, SP) was similar to that measured
in SN after the first dose (T1GMC: 43.2 AU/ml, SN), con-
firming the need for a single dose in subjects with previ-
ous natural SARS-CoV-2 infection,19 and that a boosting
dose is necessary to increase antibody concentration in
unexposed individuals.20

In the meantime, we could measure specific anti-S1
IgG Ab titres in SP individuals by the ELISA assay at
T0, with GMC of 3.7 ng/ml (Figure 1A, Table 1).
Substantially higher serum IgG titres were achieved
after the booster dose, with significant differences
between SN and SP groups (T1GMC: 255.6 ng/ml SN,
5,962.2 ng/ml SP; T2GMC: 17,341.4 ng/ml SN,
45,603.0 ng/ml SP) (Figure 1A, Table 1). These data
were consistent with those obtained by CLIA (Figure S1,
Table S2).

On average, positive S1-specific serum IgA titres
increased after the second dose, with a trend similar to
that observed for serum IgG (T1GMC: 1.71 ng/ml;
T2GMC: 49.59 ng/ml) (Figure 1B, Table 1). However, dif-
ferently from what found for serum IgG, after the sec-
ond dose, despite the higher IgA titre in SP at T1
compared to SN (T1GMC: 1.10 ng/ml SN, 16.1 ng/ml
SP), the concentration of IgA remained stable in SP
while significantly increased in SN (T2GMC: 61.6 ng/ml
SN, 16.7 ng/ml SP) (Figure 1B, Table 1).

To further characterize the mucosal immune
response elicited by the vaccination, we investigated
both S1-specific IgG and IgA titres in saliva. Differ-
ently from serum, salivary IgG were not detected at
T0 in SP, but slightly increased at T1 and boosted
after the second dose (T1GMC: 1.08 ng/ml; T2GMC:
18.1 ng/ml, SP) (Figure 1C, Table 1), while in SN sali-
vary IgG were measurable only at T2 (T1GMC: 0.04
ng/ml; T2GMC: 9.8 ng/ml, SN) (Figure 1C, Table 1).
However, at T2 the IgG serum/saliva ratio was com-
parable between the two groups (around 2,500 for
SP and 1,800 for SN) (Table 1). Moreover, looking
for a correlation between serum and salivary IgG, we
observed the presence of IgG in saliva when serum
IgG titre was higher than 103 (Pearson correlation
coefficient at T2 0.392, p=0.002) (Figure 2A).

As far as the IgA, we observed a broad range of sali-
vary IgA concentration without a clear increased titre
after the boosting dose (T1GMC: 0.05 ng/ml; T2GMC:
0.07 ng/ml) (Figure 1D, Table 1). However, the IgA levels
slightly increased at T2 in SP (T1GMC: 0.06 ng/ml;
T2GMC: 0.16 ng/ml, SP) but not in SN (T1GMC: 0.04 ng/
ml; T2GMC: 0.06 ng/ml, SN), indicating that specific
mucosal IgA could be elicited by the vaccination in sub-
jects with a previous infection. Consistent with this
hypothesis, we observed that the IgA serum/saliva ratio
at T2 was higher in SN than in SP (around 1,000 and
100, respectively).

Differently from what observed for IgG, about 50%
of enrolled subjects developed salivary IgA when the
level of IgA in serum was higher than 102 (Pearson cor-
relation coefficient at T2 0.291, p=0.02) (Figure 2B). To
further clarify this point, we looked for correlation
between serum IgA and salivary IgA levels in subjects
having measurable IgA in saliva at T2 (IgA responders,
R) or subjects with undetectable salivary IgA (IgA non-
responders, NR). As indicated in Table S3, serum IgA
titres were higher in R than in NR (T2GMC: 117.0 ng/ml,
R; 51.7 ng/ml, NR), suggesting that most of salivary IgA
are exuded from serum.
www.thelancet.com Vol xx Month xx, 2021



Figure 1. Distribution of serum (panels A and B) and salivary (panels C and D) IgG and IgA, at different times, for all the recruited
individuals and according to previous SARS-CoV-2 status at T0. In each group, the horizontal line represents the sample median,
while the vertical line the interquartile range.
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When Ab concentrations were compared with clini-
cal symptoms, reported side-effects to vaccination did
not significantly affect IgG and IgA levels both in serum
and saliva (Table S4). In addition, we did not observe any
significant correlation between Ab levels and elapsed
time between onset of symptoms and vaccination or the
severity of COVID-19 disease in SP (Table S5).

Finally, ROC analysis assessed that the IgG titre
thresholds of 125.8 ng/ml in serum and 0.127 ng/ml in
saliva were predictive of CLIA seropositivity (i.e., � 15
AU/ml) with higher accuracy in serum (Se 0.93, 95%
CI 0.87 � 0.97; SP 1.0, 95% CI 0.94 � 1.0), compared
to saliva (Se 0.65, 95% CI 0.55 � 0.73; Sp 0.93, 95% CI
0.83 � 0.98). However, considering 90 AU/ml in CLIA
analysis16 as a cut-off value for an effective immune
response, the thresholds of 904.5 ng/ml IgG in serum
and 1.54 ng/ml IgG in saliva were strongly predictive
www.thelancet.com Vol xx Month xx, 2021
for both samples (Serum Se 0.99, 95% CI 0.92 � 1.0;
Sp 0.92, 95% CI 0.85 � 0.96; Saliva Se 0.99, 95% CI
0.92 � 1.0; Sp 0.88, 95% CI 0.81 � 0.94) (Figure 3,
Table S6), indicating that salivary IgG Ab might repre-
sent a suitable indication of seroconversion.
BNT162b2 vaccine-elicited neutralizing antibodies in
saliva
To investigate the presence of IgG and IgA NAb both in
serum and saliva we tested all samples against SARS-
CoV-2 RBD, by using a competitive ELISA assay. At T0
serum NAb were detected in 70% of SP (INH: 32.6 �
91.9%, T0m 60.9 § 23.5%). Of note, the SP subjects
without NAb reported a previous asymptomatic infec-
tion, and two of them presented low IgG NAb detected
5



Variable, time All subjects (n=60) No previous SARS-CoV-2 (SN; n=50) Previous SARS-CoV-2 (SP; n=10) p-value2 p-value3

Mean1 D (IC 95%) Mean1 D (IC 95%) Mean1 D (IC 95%)

Serum

Serum IgG (ng/ml)a

T0 0.04 - 0.01 - 3.7 - 0.005 0.45

T1 432.1 432.1 (219.3; 644.8) 255.6 255.6 (112.0; 399.2) 5962.2 5958.5 (-956.4; 12873.4) 0.11

T2 20373.65 20373.6 (11486.0; 29261.2) 17341.4 17341.4 (10262.7; 24420.1) 45603.0 45599.3 (14787.7; 76410.8) 0.08

Serum IgA (ng/ml)a

T0 0.02 - 0.01 - 0.1 - <0.0001 0.24

T1 1.71 1.7 (0.01; 3.4) 1.10 1.1 (-0.1; 2.3) 16.1 16 (-22.2; 54.1) 0.44

T2 49.59 49.6 (21.1; 78.0) 61.6 61.6 (29.5; 93.7) 16.7 16.6 (-21.6; 54.9) 0.08

Saliva

Salivary IgG (ng/ml)a

T0 0.02 - 0.02 - 0.03 - 0.04 <0.0001

T1 0.07 0.1 (0; 0.1) 0.04 0.02 (-0.01; 0.06) 1.08 1.1 (-1.2; 3.3) 0.36

T2 10.8 10.8 (6.8; 14.8) 9.8 9.7 (4.1; 15.4) 18.1 18.1 (-7.2; 43.3) 0.53

Salivary IgA, (ng/ml)a

T0 0.02 - 0.02 - 0.02 - 0.22 0.06

T1 0.05 0.02 (0.01; 0.05) 0.04 0.02 (-0.01; 0.05) 0.06 0.04 (-0.02; 0.11) 0.59

T2 0.07 0.05 (0.02; 0.08) 0.06 0.04 (0.01; 0.07) 0.16 0.14 (-0.05; 0.32) 0.29

Table 1: Time trends for IgG and IgA antibodies in both serum and saliva, overall sample and by previous SARS-CoV-2 exposure.
a: Change in geometric mean concentration, modelled through a log-linear regression model for repeated measures, with unstructured variance-covariance matrix and adjusting for baseline.

1: Geometric mean concentration

2: p-value testing homogeneity of trends between subjects with and without previous SARS-CoV-2 infection.

3: p-value testing homogeneity of geometric mean values in IgG and IgA between subjects with and without previous SARS-CoV-2 infection, at each time.
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Figure 2. Scatter-plot for salivary and serum IgG (panel A) and IgA (panel B) at different times according to previous SARS-CoV-2 sta-
tus at T0.

Figure 3. ROC curve for serum and salivary IgG to identify individuals with CLIA above 15 (A) and 90 (B) AU/ml
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by CLIA. At T0, all enrolled subjects scored negative for
NAb in saliva (Table S7).

At T1, serum NAb were found in more than 50% of
participants (INH: 30.3 � 92.6%, T1m 60.1 § 21.3%)
including all the SP (INH: 46.3 � 92.6%, T1m 80.6 §
17.1%, SP), and only 50% of SN with lower values (INH:
30.3 � 91.1%, T1m 51.9 § 16.7%, SN). In saliva, only 8
subjects resulted positive (INH: 31.2 � 78.9%, T1m 49.4
§ 16.8%), and 6 of them were SP (INH: 31.2 � 78.9%,
T1m 53.2 § 18.1%, SP) and 2 SN (36.9 and 39.6%
respectively) (Table S7).

At T2, we found NAb in all serum samples (INH:
87.3 � 93.0%, T2m 91.5 § 1.1%), with no significant dif-
ferences between the SP (INH: 90.6 � 93.0%, T2m
92.2 § 0.7%) and SN (INH: 87.3 � 92.7%, T2m 91.4 §
1.1%). In contrast, only 15 saliva samples were positive
(INH: 30.3 � 76.4%, T2m 56.4 § 14.6%), with a signifi-
cant difference between the two subgroups, indeed
60% of SP (INH: 37.1 � 72.7%, T2m 62.8 § 13.2%, SP)
and only 18% of SN (INH: 30.3 � 76.4%, T2m 52.2 §
14.5%, SN) showed NAb (Table S7).

The serum and salivary samples of those 15 subjects
who showed inhibitory activity in their saliva were tested
also against the antigen of the Delta variant, and they
showed levels of INH like those recorded against the
wild-type antigen (Serum INH: 84.3 � 90.89%, T2m
89.5 § 1.8%; Salivary INH: 30.2 � 74.2, T2m 53.5 §
15.7) (Table S8).

Interestingly, the presence of salivary NAb was corre-
lated with the amount of total IgG detected in the serum
(p=0.01), as well as with the quantity of salivary IgG (p
<0.0001) and IgA (p=0.04), but not with serum IgA
(p=0.77) (Table S9). As reported in Figure 4, the major
contribution to salivary NAb come from salivary IgG
igure 4. Scatter-plot for salivary IgG and IgA among individuals
ith positive salivary NAb (n=15) at T2, according to previous
RS-CoV-2 status at T0.
rather than IgA, at least for SN. Of note, we observed
that SP with salivary NAb present salivary IgA titers
higher than those found in SN (median value
0.51 ng/ml SP, 0.28 ng/ml SN).
Discussion
Approved mRNA COVID-19 vaccines have been
shown to be effective in blocking the disease and sig-
nificantly reducing the mortality rate associated with
the infection21; their capacity to protect from infec-
tion and spreading, at least for BNT162b2 and
mRNA-1273 vaccines, is however still matter of
debate.22,23 Indeed, cases of vaccinated subjects who
become infected are commonly observed, especially
several months after the injection.24 This is due to
the fact that these vaccines induce a specific and
potent systemic immunity against the virus but are
not very efficient in promoting a specific immunity
at the level of the mucosae which represent the virus
route of entry.25,26 In order to better investigate this
aspect, we undertook a comparative analysis of
serum and mucosal anti-SARS-CoV-2 antibodies by
focusing also on the more prevalent antibody class
present in the mucosa, the IgA antibody isotype.

Here we showed that a complete BNT162b2 mRNA
vaccination induces strong systemic humoral responses
that are quantified in serum samples, but low IgG and
even lower IgA antibodies to the S-protein and the RBD
in saliva. Thus, the mucosal immune response was sub-
stantially weaker than the systemic-evoked immunity,
as salivary IgG Ab titers detectably increased only after
the boosting dose among individuals that did not experi-
ence previous contact with the virus before undergoing
vaccination (here designed as seronegative or SN). As
far as the IgA, it is known that in saliva they are mostly
represented by dimeric secretory IgA (sIgA).27 The find-
ing that the BNT162b2 vaccination poorly induces sali-
vary IgA suggests that these Ab were not mucosal-
evoked sIgA but originated most likely from serum, by
transudation from the blood circulation. Thus, in the
examined population, the low mucosal immunity
detected is mostly represented by salivary IgG rather
than IgA. Consistently, after the boosting dose of vac-
cine only 18% of SN showed neutralizing activity in
saliva.

On the contrary, 60% of virus-exposed subjects
before vaccination (here designed as seropositive or SP)
developed NAb in their saliva after vaccine administra-
tion. Indeed, in this group the increase of salivary IgA
was more pronounced, and the serum/saliva IgA ratio
was ten-fold higher than in unexposed individuals. This
observation suggests that in subjects with previous
SARS-CoV-2 natural infection the presence of some
“mucosal” immunity mirrors the activation of B cells
that can switch toward the production of IgA after vacci-
nation, as also suggested by recent reports.26,28
www.thelancet.com Vol xx Month xx, 2021
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In conclusion, the results reported in this study sig-
nificantly contribute, in our opinion, to clarify several
points of interest for future focusing on adopting opti-
mal strategies of anti-SARS-CoV-2 vaccination. To
briefly summarize, first we substantiated previous find-
ings showing that two doses of vaccine are required to
generate a high IgG antibody titre in the serum of SN
individuals, while a single dose is sufficient in previ-
ously infected SP individuals. In the latter individuals a
second vaccine dose results in higher antibody concen-
tration as compared to SN individuals.

Second, serum IgA concentration seems to reach a
plateau after a single dose of vaccine in SP individuals
and does not further increase after a second dose. In SN
subjects IgA were boosted after the second dose, reach-
ing higher concentration compared to the SP group.
This may be explained by the fact that previous virus
exposure might first elicit mucosal IgA response simi-
larly to other viral infections, rather than systemic
immunity. Consistently with this hypothesis, it was
reported that in infected individuals mucosal IgA
response inversely correlated with symptom severity,
being particularly abundant in asymptomatic COVID
19 patients, reinforcing their role in controlling virus
penetration in the body.29

Third, in saliva, IgG concentration is almost two
orders of magnitude lower than in serum and reaches
maximum levels after two vaccine doses. IgA concentra-
tion remains low and increases significantly only in SP
individuals after the second vaccine dose (20 to 30 times
lower than in serum, anyway). Generally speaking, NAb
titres for both IgG and IgA isotypes follow the same
rules as total anti-S1 antibody concentration both in
serum and saliva, being thus much higher in serum
than in saliva. This indicates that vaccination with the
BNT162b2 vaccine equally favors the production of total
anti-S1 and neutralizing antibodies.

Thus, intramuscular vaccination drastically increases
both total and NAb concentration in the serum but not
in the salivary compartment, indicating that at least oral
mucosal immunity is poorly activated by this vaccina-
tion protocol.

The vaccination campaign has significantly reduced
the cases of severe COVID-19, hospitalizations, and
deaths.30

However, although the vaccination strongly contrib-
uted to limit the number of infected people among the
vaccinated individuals, some vaccinated person can be
infected, often asymptomatically.31 Furthermore, the
role of emerging new viral variants, as the Delta and the
Omicron variants, continuously represents a challenge
for the scientific community to block the circulation of
the virus, which represents a considerable risk for global
health.32 Indeed, even though the efficacy of COVID-19
vaccines has been demonstrated to be maintained
against at least for the Delta variant,33 as also confirmed
by our findings, it is very likely that an incomplete cycle
www.thelancet.com Vol xx Month xx, 2021
of vaccination or the persistent circulation of the virus
can lead to a decrease in efficacy or to the onset of new
variants able to escape the immune response elicited by
the vaccines.34

Within this frame, reconsidering the strategy of vac-
cination to prevent not only the severe disease but the
viral infection (i.e., the so-called ‘sterilizing immunity’),
should represent the goal for the generation of second
line COVID-19 vaccines, aimed to reinforce the mucosal
immune response.35

Thus, distinct routes of immunizations, such as
nasal or oral, could constitute the way to increase oral or
respiratory mucosal immunity against SARS-CoV-2, as
at these sites the first contact with the virus takes
place.36 Regarding the vaccination via nasal route, that
represents the main entrance for SARS-CoV-2 in the
body, results that have been achieved in vivo studies
look promising,37 and phase 1 clinical trials should be
published within the next months.38 Studies on oral
mucosal vaccination, which represents the main route
of SARS-CoV-2 transmission are still preliminary.39

On the other hand, governments have recently
approved the administration of the booster dose for the
mRNA vaccines (i.e., the third dose), and data about the
development of specific mucosal immune response
could clarify the role of these vaccines in protecting
against the infection, since the systemic evoked
response seems stronger than after the primary vaccina-
tion cycle.40
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