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Abstract: With the emergence of SARS-CoV-2 variants, fluctuating mask mandates, and school
re-openings, increased infections and disease surged among children recently. Thus, there is an
urgent need for COVID-19 vaccines for children of all ages. However, whether young children
will respond appropriately to mRNA vaccines remains unclear. Here, we deeply profiled the
vaccine-induced humoral immune response in 7-11 year old children receiving the mRNA-1273
vaccine. Vaccinated children induced significantly higher antibody titers and functions compared
to naturally infected children. Moreover, we observed comparable SARS-CoV-2 titers and
neutralizing activity across variants of concern and superior Fcγ-receptor binding and phagocytic
antibodies in children compared to vaccinated adults. Our data indicate that mRNA vaccination
elicits robust antibody responses and drives superior antibody functionality in children.

One-Sentence Summary: mRNA vaccination elicits robust humoral immune responses to
SARS-CoV-2 in children 7-11 years of age.
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Main Text:
The speed and quality of vaccine development experienced during the COVID-19 pandemic have
clearly changed vaccine development for the future. The new platforms responded rapidly to the
novel threat, demonstrating robust levels of efficacy (1, 2). However, despite the successes of the
vaccines, the global roll out has begun to highlight key vulnerable populations, and strategic gaps,
that may limit the impact of vaccination globally. Children represent a key vulnerable population,
that have been, for the most part, relatively spared from severe disease over the COVID-19
pandemic, but harbor robust, high levels of viral replication and contribute significantly to viral
spread (3-6). However, in the wake of fluctuating mask mandates, school re-openings, and the
rapid spread of the highly infectious SARS-CoV-2 delta variant, a surge of SARS-CoV-2
infections in children has been observed (7, 8). Because of the increasing incidence of severe cases
in children, the unpredictable development of delayed, life-threatening Multisystem Inflammatory
Syndrome in Children (MIS-C), and our evolving awareness of children in the spread of the
pandemic, there is an urgent need to roll out vaccines across all ages. However, because children
harbor a more naïve immune system that evolves with age, it was uncertain whether the novel
vaccine platforms would be sufficiently immunogenic in young children (9). Here we deeply
characterized the immune response induced in children (n=12; median age= 9 years range: 7 – 11
years; 42% female) that received two doses of the 100μg mRNA-1273 (Moderna) vaccine at days
0 and 28, matching the recommendations and EUA approved dose and scheduling
recommendations for adults. This matched dosing enabled the direct comparison of immune
profiles across children and adults. Plasma samples were collected before vaccination (V0),
approximately four weeks after prime (V1) and four weeks after boost (V2) immunization.

To begin to investigate the vaccine-induced humoral responses we profiled SARS-CoV-2 Spike
(S) specific antibody titers. mRNA vaccination in children induced Spike-specific IgM, IgA and
IgG1 binding titers following the primary vaccination (V1) with mRNA-1273 (Figure 1A-B).
Both S-specific IgA1 and IgG1 boosted with the second dose, while S-specific IgM responses
declined slightly, marking efficient class switching. Compared to fully vaccinated adults (n=14),
children had significantly reduced SARS-CoV-2 S specific IgM and IgA1 levels after second dose
but generated slightly higher IgG1 binding titers (Figure 1C). Furthermore, vaccine-induced IgG1
titers at both timepoints exceeded titers observed in acute pediatric COVID-19 (n=8) and MultiInflammatory Syndrome in Children (MIS-C) (n=6) (Figure 1A). All children generated
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neutralizing antibodies after the primary immunization (V1) that further expanded after the
secondary dose (V2) in all children, resulting in levels comparable, if not slightly higher than
observed in adults (Figure 1B-C). Again, neutralizing antibody levels in mRNA immunized
children were higher than those detected in children with acute COVID-19 or MIS-C. These data
are in line with large epidemiologic studies demonstrating an age-dependent shift towards more
IgA selection with age as well as the observation of higher IgA titers in COVID-19 infected adults,
irrespective of disease severity, compared to children (10, 11). Thus, these data from natural
infection and vaccination point to an age-dependent differential selection of antibody isotypes,
where children may rely more heavily on IgG, whereas adults may rely on all isotypes. While this
profile may be beneficial for SARS-CoV-2 viral control, it is plausible that this bias in isotype
selection may render children more vulnerable to other mucosal infections, such as influenza or
respiratory syncytial virus (RSV). Thus, future efforts in pediatric vaccine development may
require novel strategies, distinct from those used in adults, to selectively improve IgA immunity,
via adjuvants or alternate vaccine routes, to promote more effective immunity in children.

In addition to binding and neutralization, protection against severe adult COVID-19 has been
linked to additional antibody effector functions, including opsonophagocytic and cytotoxic
functions of antibodies(12-14). Thus, we profiled the ability of vaccine-induced immune responses
to bind to Fc-receptors (FcγR2a, FcγR2b, FcγR3a, FcγR3b, and FcR) and elicit antibodydependent complement deposition (ADCD), antibody-dependent neutrophil phagocytosis
(ADNP), antibody-dependent monocyte phagocytosis (ADCP), or activation antibody dependent
NK cell activation (ADNKA). Children elicited S-specific IgG antibodies that bound robustly to
all Fc-receptors following the first dose (Figure 2A), markedly greater than responses seen in
natural COVID-19 infection or MIS-C. Moreover, these responses expanded further after the
second immunization. Interestingly, this increased Fc-receptor binding was not linked to changes
in Spike-specific IgG subclass selection (Supplemental Figure 1). In contrast, children when
compared to adults, induced lower levels of IgA antibodies that were able to interact with the IgAFc-receptor, FcR, in line with the lower levels of IgA generated in children after vaccination as
well as after infection (Figure 2B and Supplemental Figure 2)(11, 15).
To next determine whether these elevated FcγR binding profiles in children translated to more
functional Spike-specific immune responses in children, we examined vaccine-induced Fc-effector
functions (Figure 2C). Interestingly, variable antibody effector functions were observed in
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children after vaccination. Low levels of ADCD and ADNP were induced after the primary
immunization, followed by a more significant increase in complement depositing and neutrophil
phagocytic functions after the boost, resulting in comparable levels of ADCD and increased ANDP
in children compared to adults (Figure 2C-D). Conversely, a more significant increase in
monocyte phagocytosis (ADCP) was observed in children after the prime, that ultimately reached
significantly higher levels than adults after the second immunization. Interestingly,
opsonophagocytic functions of antibodies, rather than neutralization alone, have been linked to
survival of COVID-19 following natural infection (12) and are associated with protection from
infection in animal models (16, 17). In contrast, while NK cell functions (as measured by MIP-1b
expression) were induced in only a subset of adults, NK cell activating functions were lower
following mRNA vaccination in the children. Furthermore, no difference was noted in antibody
binding responses across different Spike domains, pointing to limited differences in antibody
targeting across the groups (Figure 2E), suggesting that alternate mechanisms likely account for
augmented humoral immune function in children, potentially via altered antibody Fc-glycosylation
(18). Overall, children induced higher levels of ADNP and ADCP recruiting antibodies compared
to adults following the full vaccine regimen (Figure 2D), whereas adults harbored marginally
higher NK cell activating antibodies, pointing to overall functional variation in vaccine quality in
children.

To begin to define whether any significant vulnerabilities exist in the humoral immune response
in children, we next utilized a machine learning approach to identify the Spike-specific humoral
immune features that differed most across children and adults after the full dosing regimen (V2).
A total of eight features were selected following feature reduction by least absolute shrinkage and
selection operator (LASSO). These eight features were used as input into a partial least-squares
discriminant analysis (PLS-DA) to visualize the differences in vaccine-induced humoral immunity
between children and adults (Figure 3A). Specifically, vaccine-induced S-specific ADNP, IgG4,
FcγR2a, and ADCP were all enriched selectively in children, whereas Spike-specific FcR binding
antibodies, complement depositing antibodies, ADNKA (IFNγ secretion), and IgG2 titers were
enriched in adults (Figure 3B). Importantly, in univariate profiling, children did not exhibit an
inability to induce these responses at an overall population level, but some adults induced higher
levels of these particular features (Figure 2 and Supplemental Figure 2). Conversely, multiple
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features were enriched in children, pointing to enhanced functional immunity, rather than a deficit
in the pediatric response to mRNA vaccination.

Because the feature reduction strategy aims to identify a minimal set of antibody features that
differ most across the groups, additional features that co-correlate with the selected features may
differ across the groups and provide enhanced mechanistic insights on biological differences in
vaccine-induced immunity. Thus, we built a co-correlate network of additional features that were
correlated with the markers that separated vaccinated children and vaccinated adults (Figure 3C).
Three small clusters of co-correlates emerged highlighting additional features that were
significantly (p<0.05, |r|>0.7) correlated with the LASSO-selected features that distinguished
children and adults. The larger cluster was enriched in children, marking a relationship between
Spike-specific ADNP and FcR2a binding antibodies, highlighting the strong FcγR binding
capacity and Fc mediated phagocytosis in children. Additional Spike-Fc-receptor binding levels
were also linked to this cluster, highlighting the overall enhanced level of Fc-receptor binding
responses induced following mRNA vaccination in children. The two additional clusters included
features enriched in adults, marked by a cluster of S-specific NK cell activating antibodies that
were all linked to one another and a network of IgA responses tied to FcR binding. Additionally,
vaccination induced higher titers and functions to SARS-CoV-2 than natural infection in children
(Figure 2 and Supplemental Figure 3). Taken together, distinct humoral patterns were observed
across adults and children immunized with the Moderna mRNA-1273 vaccine at the same dose,
pointing to a bias towards a broad and robust Fc-receptor binding profile in children and a NK
cell/IgA response in adults.

Real-world efficacy suggests that mRNA vaccines confer robust efficacy against severe
disease/death against the original (wildtype; wt) SARS-CoV-2 strain (Wuhan), at levels greater
than 90% (19). This level of efficacy appears to be sustained against the alpha and delta variants,
although lower levels of protection have been observed against the beta variant(20, 21). Adaptive
immunity and the ability to establish immune memory mature during the first decades of life.
Several lines of evidence suggest that this more naïve immune response may adapt more easily to
new antigens, able to generate broader and more flexible immunity to new viruses due to the robust
production of naïve cells by the thymus and bone marrow in younger children (22, 23). Moreover,
throughout life, our naïve clonal repertoire or immune cells shifts in response to the sequence of
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pathogens and vaccines we are exposed to. Accordingly, more naïve children may have a less
“biased” repertoire, enabling the generation of immunity to a broader range of pathogens(24).
Thus, we next aimed to explore whether children generate vaccine responses against the variants
of concern (VOCs)(25). As previously reported, we observed reduction in binding titer for all
tested VOCs compared to the wildtype antigen for adult IgG1 responses (Figure 4A). Nearly
identical binding patterns to VOCs were observed in children for IgG1 responses. While the
patterns were very similar for additional IgG subclasses (IgG3) and isotypes (IgM), children
induced slightly higher IgM responses to the VOCs than observed in adults. Furthermore, for most
VOCs similar FcR patterns were observed in children and adults, although slightly higher levels
of FcR binding was observed to the beta variant in children (Figure 4B). Virus neutralizing titers
to the wildtype variant of SARS-CoV-2 were indistinguishable in children and adults, however a
notable reduction in neutralizing activity was observed in children for the delta variant (Figure 4C
and Supplemental Figure 4). Thus perhaps, using heterologous variant antigens for priming and
boosting or pools of antigens, covering VOCs, could represent a strategy to broaden the pediatric
immunity to current and future variants of SARS-CoV-2 or other coronaviruses(26). Importantly,
despite this neutralization difference, wholistic comparison of the humoral immune response
across the wildtype and the delta variant highlighted robust delta-neutralization and wildtype- and
delta-ADNP and ADCP in children compared to adults (Figure 4D and Supplemental Figure 4).
Moreover, following the second immunization, wildtype opsonophagocytic functions increased in
children, marked by a vigorous delta-specific functional humoral immune response that may
compensate for lower neutralization in this age group (Figure 4E). Additionally, vaccination
resulted in more robust immunity to VOCs compared to natural infection in children
(Supplemental Figure 1 and 4). Given our emerging appreciation for opsonophagocytic functions
in protection against COVID-19 across natural infection, following vaccination in non-human
primates, and following convalescent plasma, it is plausible that children may more robustly
leverage this humoral mechanism, rather than neutralization alone, to maximized protection
against disease(12, 16, 17, 27). Whether differences in neutralization and Fc-function lead to
differences in disease-breakthrough across the ages remains unclear but provides some additional
immunological insights that may continue to explain the epidemiologic differences in disease
severity globally in the setting of emerging VOCs.
Collectively, children induced comparable neutralization but experienced a selective and
preferential expansion of opsonophagocytic functions to both wildtype and VOCs compared to
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adults via the selection of more robust Fc-receptor binding antibodies that may confer robust
protection against infection and disease. This enhanced functionality was not linked to differential
IgG subclass selection, or epitope targeting, suggesting that children may select distinct posttranslational IgG modifications that may lead to more flexible, highly functional responses, that
may represent an evolutionary adaptation enabling children to overcome infections in the setting
of an evolving and maturing immune response. In adults, vaccination has consistently induced
more robust immunity to SARS-CoV-2 than natural infection(28). Likewise, here we observed
enhanced binding, neutralizing and Fc effector functions in vaccinated children compared to
children diagnosed with COVID-19 or MIS-C, pointing to the importance of vaccination to
robustly bolster immunity to SARS-CoV-2 and emerging variants of concern. However, larger
cohorts, followed over time, will provide key insights into the precise protective titers, durability
of mechanistic correlates of immunity in pediatric SARS-CoV-2 infection. Moreover, whether
similar immunogenicity profiles will exist in even younger children, with a more naïve immune
response, remains unclear, but points to the critical need to deeply profile the vaccine-induced
immune response across ages, to gain novel insights into potential immune-vulnerabilities as well
as unexpected immune strengths that may help explain differences in vaccine efficacy across the
ages.
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Materials and Methods
Cohort
Pediatric vaccinee samples were obtained from children who were vaccinated with two doses
100 μg mRNA-1273 at MGH as participants in Part 1 (open label) of a Phase2/3 clinical trial
(ClinicalTrials.gov Identifier: NCT04796896). Additionally, we included samples from eight
children who presented with acute PCR confirmed COVID-19 (7-19 years) or six children with
MIS-C (3-22 years) at our hospital. Additionally, samples from 14 adults who received two
doses mRNA-1273 as part of a phase 1 clinical trial were used as controls (ClinicalTrials.gov
Identifier: NCT04283461). All pediatric participants provided informed assent and their legal
guardian provided informed consent prior to participation in the observational MGH Pediatric
COVID-19 Biorepository. Blood samples were collected prior to vaccination, one month after
the first vaccination and one month after the second vaccination. This study was overseen and
approved by the MassGeneral Institutional Review Board (IRB #2020P00955).
Antigens and biotinylation
All antigens were biotinylated using an NHS-Sulfo-LC-LC kit according to the manufacturer’s
instruction (Thermo Fisher, MA, USA) if required by the assay and excessive biotin was removed
by size exclusion chromatography using Zeba-Spin desalting columns (7kDa cutoff, Thermo
Fisher).
Antibody isotype and Fc receptor binding
Antigen-specific antibody isotype and subclass titers and Fc receptor binding profiles were
analyzed with a custom multiplex Luminex assay as described previously (29). In brief, antigens
were coupled directly to Luminex microspheres (Luminex Corp, TX, USA). Coupled beads were
incubated with diluted plasma samples washed, and Ig isotypes or subclasses with a 1:100
diluted PE-conjugated secondary antibody for IgG1 (clone: HP6001), IgG2 (clone: 31-7-4), IgG3
(clone: HP6050), IgG4 (clone: HP6025), IgM (clone: SA-DA4), IgA1 (clone: B3506B4) or IgA2
(clone: A9604D2) (all Southern Biotech, AL, USA), respectively. For the FcγR binding, a
respective PE–streptavidin (Agilent Technologies) coupled recombinant and biotinylated human
FcγR protein was used as a secondary probe. Excessive secondary reagent was washed away
after 1h incubation, and the relative antigen-specific antibody levels were determined on an iQue
analyzer (Intellicyt).
Antibody-Dependent Complement Deposition (ADCD)
Complement deposition was performed as described before(30). In brief, biotinylated antigens
were coupled to FluoSphere NeutrAvidin beads (Thermo Fisher) and to form immune-complexes
incubated with 10 μl 1:10 diluted plasma samples for 2h at 37°C. After non-specific antibodies
were washed away, immune-complexes were incubated with guinea pig complement in GVB++
buffer (Boston BioProducts, MA, USA) for 20 min at 37°C. EDTA containing PBS (15mM) was
used to stop the complement reaction and deposited C3 on beads was stained with anti-guinea pig
C3-FITC antibody (MP Biomedicals, CA, USA, 1:100, polyclonal) and analyzed on an iQue
analyzer (Intellicyt).
Antibody-Dependent-Neutrophil-Phagocytosis (ADNP)
Phagocytosis score of primary human neutrophils was determined as described before(31).
Biotinylated antigens were coupled to FluoSphere NeutrAvidin beads (Thermo Fisher) and
incubated with 10 μl 1:100 diluted plasma for 2h at 37°C to form immune-complexes. Primary
neutrophils were derived from Ammonium-Chloride-Potassium (ACK) buffer lysed whole blood
from healthy donors and incubated with washed immune complexes for 1h at 37°C. Afterwards,
neutrophils were stained for surface CD66b (Biolegend, CA, USA; 1:100, clone: G10F5)
expression, fixed with 4% para-formaldehyde and analyzed on a iQue analyzer (Intellicyt).
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Antibody-Dependent-THP-1 Cell-Phagocytosis (ADCP)
THP-1 phagocytosis assay was performed as described before(32). In brief, biotinylated antigens
were coupled to FluoSphere NeutrAvidin beads (Thermo Fisher) and incubated with 10 μl 1:100
diluted plasma for 2h at 37°C to form immune complexes. THP-1 monocytes were added to the
beads, incubated for 16 h at 37°C, fixed with 4% para-formaldehyde and analyzed on a iQue
analyzer (Intellicyt).
Antibody-Dependent-NK-Activation (ADNKA)
To determine Antibody-dependent NK cell activation, MaxiSporp ELISA plates (Thermo Fisher)
were coated with respective antigen for 2h at RT and then blocked with 5% BSA (Sigma-Aldrich).
50 μl 1:50 diluted plasma sample or monoclonal Abs was added to the wells and incubated
overnight at 4°C. NK cells were isolated from buffy coats from healthy donors using the
RosetteSep NK cell enrichment kit (STEMCELL Technologies, MA, USA) and stimulated with
rhIL-15 (1ng/ml, STEMCELL Technologies) at 37°C overnight. NK cells were added to the
washed ELISA plate and incubated together with anti-human CD107a (BD, 1:40, clone: H4A3),
brefeldin A (Sigma-Aldrich, MO, USA), and monensin (BD) for 5 hours at 37°C. Next, cells were
surface stained for CD56 (BD, 1:200, clone: B159), CD16 (BD, 1:200, clone: 3G8), and CD3 (BD,
1:800, UCHT1). After fixation and permeabilization with FIX & PERM Cell Permeabilization Kit
(Thermo Fisher), cells were stained for intracellular markers MIP1β (BD, 1:50, clone: D21-1351)
and IFNγ (BD, 1:17, clone: B27). NK cells were defined as CD3-CD16+CD56+ and frequencies
of degranulated (CD107a+), INFγ+ and MIP1β+ NK cells determined on an iQue analyzer
(Intellicyt)(33).
Virus neutralization
Three-fold serial dilutions ranging from 1:12 to 1:8748 were performed for each plasma sample
before adding 50–250 infectious units of pseudovirus expressing the SARS-CoV-2 reference
(Wuhan/wildtype) or delta variant Spike to hACE-2 expressing HEK293 cells for 1 hour.
Percentage neutralization was determined by subtracting background luminescence measured in
cell control wells (cells only) from sample wells and dividing by virus control wells (virus and
cells only). Pseudovirus neutralization titers (pNT50) values were calculated by taking the inverse
of the 50% inhibitory concentration value for all samples with a pseudovirus neutralization value
of 80% or higher at the highest concentration of serum.
Data analysis and Statistics
Data analysis was performed using GraphPad Prism (v.9.2.0) and RStudio (v.1.3 and R v.4.0).
Comparisons between the adults and children were performed using Wilcoxon-signed rank test
followed by Benjamini-Hochberg (BH) correction. Heatmap was generated using the pheatmap
package (v.1.0.12) in R using Z-scored values. Multivariate classification models were built to
discriminate humoral profiles between vaccination arms. Prior to analysis, all data were
normalized using z-scoring. Feature selection was performed using least absolute shrinkage and
selection operator (LASSO). Classification and visualization were performed using partial least
square discriminant analysis (PLS-DA). Model accuracy was assessed using ten-fold crossvalidation. These analyses were performed using R package “ropls” version 1.20.0 (34) and
“glmnet” version 4.0.2(35). Co-correlates of LASSO selected features were calculated to find
features that can equally contribute to discriminating vaccination arms. Correlations were
performed using Spearman method followed by Benjamini-Hochberg correction. The co-correlate
network was generated using R package “network” version 1.16.0(36). Flower plots were
generated using the ggplot (v.3.3.5) package in R. Values were Z-scored per feature and antigen
but using the data for all timepoints.
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Figure 1. mRNA-1273 vaccination induces robust binding and neutralizing titers in children.
Binding and neutralizing titers were analyzed in children (7-11 years) before (V0, n=12), after the
first (V1, n=12) or after the second (V2, n=9) dose or adults after the second dose (V2, n=14) of
the mRNA-1273 vaccine as well as during acute pediatric COVID (n=8) or MIS-C (n=6). A)
Relative SARS-CoV-2 Spike (Wuhan) specific IgM, IgA1 and IgG1 binding levels were
determined by Luminex. B) The dot plots show virus neutralizing titers, at which 50 % reduction
of infection of a SARS-CoV-2 Spike pseudovirus was observed. C) Tiles indicate whether
antibody binding features were upregulated in fully vaccinated children (blue shades) or adults
(red shades) at V2. A Wilcoxon-rank test was used to test for statistical significance and asterisks
indicate statistically significant differences after Benjamini-Hochberg correction for multiple
testing (*:p<0.05; **:p<0.01;***:p<0.001).
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Figure 2. mRNA-1273 vaccination induces higher FcγR binding and phagocytic activity in
children. A) Binding of SARS-CoV-2 specific antibodies to FcγR2a, 2b, 3a, and 3b was
determined by Luminex in children (7-11 years) before (V0, n=12), after the first (V1, n=12) or
after the second (V2, n=9) dose or adults after the second dose (V2, n=14) of the mRNA-1273
vaccine as well as during acute pediatric COVID (n=8) or MIS-C (n=6). B) Tiles indicate whether
FcγR binding features were upregulated in fully vaccinated children (blue shades) or adults (red
shades) at V2. C) The ability of SARS-CoV-2 S specific antibody Fc to induce antibodydependent-complement-deposition (ADCD), neutrophil-phagocytosis (ADNP), cellular-THP1
monocyte-phagocytosis (ADCP), or activation of NK cells marked by expression of MIP-1β was
analyzed. D) Tiles indicate whether Fc functions were upregulated in fully vaccinated children
(blue shades) or adults (red shades) at V2. A Wilcoxon-rank test was used to test for statistical
significance in B) and D) and asterisks indicate statistically significant differences after BenjaminiHochberg correction for multiple testing (*:p<0.05; **:p<0.01;***:p<0.001). E) The heatmap
shows the Z-scored antibody titers or Fcγ receptor binding levels (as indicated by the feature color
key for values from -1 to 1, values above or below this limit were assigned maximum values (1)
or minimal (-1) values) for SARS-CoV-2 full Spike, receptor binding domain (RBD), S1 and S2
domain responses (as indicated by the antigen color key) in fully vaccinated children or adults
(purple or red, respectively, as indicated by the group color key).
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Figure 3. Distinct humoral profiles distinguish between adult and pediatric vaccine
responses. A) A machine learning model was built using a minimal set of LASSO selected SARSCoV-2 S specific features at V2 (left panel) to discriminate between vaccine responses in adult
(red, n=14) and children (purple, n=9) in a PLS-DA analysis (right panel). B) The co-correlation
network illustrates all LASSO-selected features. Nodes of selected features are colored whether
they were enriched in children (purple) or adults (red). Lines indicate significant (p<0.05)
spearman correlations with |r|>0.7 of connected features (only positive correlations with r>0 were
observed).
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Figure 4. mRNA-1273 vaccination elicits humoral responses to SARS-CoV-2 variants of
concern. A) Vaccine induced subclass and isotype RBD-specific titers are shown for children or
adults at V2 relative to the WT RBD. B) FcγR binding profiles of vaccine induced RBD specific
antibodies in children (n=9) or adults (n=14) at V2 relative to the WT RBD. C) Virus neutralizing
titers are shown to the wildtype (wt) or the delta variant in children or adults at V2. D) The flower
plots summarize functional antibody responses to the SARS-CoV-2 wt (Wuhan; top) or delta
(bottom) variant specific S in children at V0, V1 and V2 or adults at V2. The color of each petal
corresponds to the respective feature and the length of the petal to the average after the data was
Z-scored. E) Tiles indicate whether Fc functions were upregulated in fully vaccinated children
(blue shades) or adults (red shades) at V2 for wt or delta variant (compare Figure 2). A Wilcoxonrank test was used to test for statistical significance A), B) and E) and asterisks indicate statistically
significant differences after Benjamini-Hochberg correction for multiple testing (*:p<0.05;
**:p<0.01;***:p<0.001).
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