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CORONAVIRUS

SARS-CoV-2 mRNA vaccination elicits robust antibody
responses in children

Yannic C. Bartsch’, Kerri J. St. Denis’, Paulina Kaplonek’, Jaewon Kang’, Evan C. Lam’,
Madeleine D. Burns?, Eva J. Farkas?, Jameson P. Davis?, Brittany P. Boribong?, Andrea G. Edlow?,
Alessio Fasano?, Wayne G. Shreffler?, Dace Zavadska®, Marina Johnson®, David Goldblatt®,
Alejandro B. Balazs', Lael M Yonker?*, Galit Alter'*

Although children have been largely spared from coronavirus disease 2019 (COVID-19), the emergence of severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) variants of concern (VOCs) with increased transmissibility,
combined with fluctuating mask mandates and school reopenings, has led to increased infections and disease
among children. Thus, there is an urgent need to roll out COVID-19 vaccines to children of all ages. However,
whether children respond equivalently to adults to mRNA vaccines and whether dosing will elicit optimal immu-
nity remain unclear. Here, we aimed to deeply profile the vaccine-induced humoral immune response in 6- to
11-year-old children receiving either a pediatric (50 pg) or adult (100 pg) dose of the mRNA-1273 vaccine and to
compare these responses to vaccinated adults, infected children, and children who experienced multisystem in-
flammatory syndrome in children (MIS-C). Children elicited an IgG-dominant vaccine-induced immune response,
surpassing adults at a matched 100-ug dose but more variable immunity at a 50-pg dose. Irrespective of titer,
children generated antibodies with enhanced Fc receptor binding capacity. Moreover, like adults, children generated
cross-VOC humoral immunity, marked by a decline of omicron-specific receptor binding domain, but robustly
preserved omicron spike protein binding. Fc receptor binding capabilities were also preserved in a dose-dependent
manner. These data indicate that both the 50- and 100-pg doses of mRNA vaccination in children elicit robust
cross-VOC antibody responses and that 100-pg doses in children result in highly preserved omicron-specific func-
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tional humoral immunity.

INTRODUCTION

The burden of respiratory infections is often higher in young children
with a developing, untrained immune system (I1). However, lower
rates of disease were noted early in the coronavirus disease 2019
(COVID-19) pandemic among children, who largely experienced
asymptomatic or pauci-symptomatic severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) infections (2). However, with
the rise of highly infectious variants of concern (VOCs), like the
omicron VOC, increasing infection rates and hospitalization rates
for children have been observed globally (3, 4). Linked to the un-
predictable incidence of multisystem inflammatory syndrome
in children (MIS-C) and the clear contribution children make to
population-level spread, the need for vaccines for children is evi-
dent (5, 6). However, whether newly emerging COVID-19 vaccine
platforms, approved for teenager and adult use, elicit immunity in chil-
dren is not well understood.

Epidemiologic data clearly highlight vulnerabilities in the pediat-
ric immune system, with increased rates of respiratory, enteric, and
parasitic infections disproportionately causing disease in children
in the first decade of life (7, 8). Vaccine-induced immune responses
often differ across children and adults (9). However, whether these
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vulnerabilities to infection and poor response to protein-based vac-
cination will translate to newer vaccine platforms, like mRNA vac-
cine platforms, remains unclear. Moreover, emerging data suggest
that dosing may not be straightforward for mRNA vaccines (10, 11),
due to reduced immunogenicity in young children, requiring deeper
immunologic insights to guide rational pediatric vaccine design.
To begin to define the humoral mRNA vaccine responses in
children, we comprehensively profiled vaccine-induced immune
responses in children (6 to 11 years) who received the pediatric (50 pug)
or adult (100 pg) dose of the mRNA-1273 vaccine regimen, respec-
tively. We observed 100% vaccine response rates before the second
vaccine dose in children who received the 100-pg vaccine dose.
Whereas immune profiles in the low (50 pg) dose were more similar
to adults (who received the adult recommended 100-pg dose), chil-
dren receiving the adult (100 pg) dose generated disproportionately
higher immunoglobulin G (IgG)-biased vaccine responses after the
second vaccine dose, with enhanced Fc-effector profiles. Moreover,
both pediatric and adult doses elicited broad cross-variant isotype
and Fc receptor binding antibodies; however, although all groups
experienced a loss of omicron receptor binding domain (RBD) re-
activity, omicron spike protein-specific immunity was largely pre-
served. Further, children receiving the 100-ug dose of the vaccine
exhibited the highest cross-reactivity. Collectively, these data point
to robust, but dose-dependent, functional humoral pediatric immune
signatures induced in children after mRNA-1273 vaccination.

RESULTS

Study cohort

In the wake of fluctuating mask mandates, school reopenings, and
the rapid spread of the highly infectious SARS-CoV-2 delta and
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omicron variants, a surge of SARS-CoV-2 infections in children has
been observed (5). The numbers of children with severe COVID-19
or life-threatening MIS-C have increased. Because of this, plus our
evolving appreciation of children in the spread of the pandemic, there
is an urgent need to roll out vaccines across all ages. With the rapid
deployment of mRNA vaccines, it remains unclear whether children
will generate sufficiently robust immunity after mRNA vaccination.
Here, we deeply characterized the immune response induced by the
Moderna mRNA-1273 vaccine in children who received an adult
dose (100 ug) of mRNA-1273 (n = 12; median age = 9 years; range:
7 to 11 years; 42% female), matching the reccommendations for adults,
or a pediatric (50 pug) dose of mRNA-1273 (n = 12; median age =
8 years; range: 6 to 11 years; 50% female) at days 0 and 28, respectively.
Plasma samples were collected before vaccination (V0), about 4 weeks
after prime immunization (V1), and 4 weeks after second immuni-
zation (V2) (table S1). Both vaccinations were equally well tolerated
between both the 50-pg and the 100-pg doses. Common minor
vaccine-related symptoms included pain at injection site, fever, and
fatigue (table S2).

mRNA vaccines induce robust SARS-CoV-2 spike protein
binding and neutralizing titers in children

To begin to investigate the vaccine-induced humoral response, we
profiled SARS-CoV-2 spike protein-specific antibody titers. At V1,
we observed seroconversion (marked by an increase in spike protein—
specific IgM, IgA1l, or IgG1 binding compared to V0) in 100% of
children receiving the 50-ug (n = 9 of 9) or 100-ug (n = 12 of 12)
dose of mRNA-1273 (Fig. 1A) with comparable neutralizing anti-
body titers in the vaccinated pediatric and adult cohorts (Fig. 1B).
Both spike protein-specific IgA1 and IgG1 increased with the sec-
ond dose, whereas spike protein-specific IgM responses declined
slightly, marking efficient class switching. After the second dose, we

observed significantly elevated spike protein-specific IgA1 concen-
trations in adults compared to children (P < 0.001) (Fig. 1C). In con-
trast, children in the 100-pg dose group elicited higher IgG1 titers
after the first and second doses of the vaccine compared to children
in the 50-pg dose group (P = 0.004), as well as compared to vaccinated
adults (P = 0.03) (Fig. 1C). Univariate comparison of V2 abundance
of the 100-ug dose in adults to 100-ug and 50-ug doses in children
highlighted isotype selection differences across children and adults
but minimal overall differences in antibody binding titers and neutraliza-
tion across the 50-pig and 100-ug doses in children (Fig. 1, B and C).
Furthermore, vaccine-induced binding and neutralization titers in
the 100-g pediatric dose group were higher compared to those observed
in naturally exposed convalescent children with COVID-19 or acute
MIS-C, which required hospitalization and intensive care unit treat-
ment. Although these differences may be related to exposure to dif-
ferent variants, we observed superior vaccine-induced binding to all
variants, highlighting the critical importance of SARS-CoV-2 vacci-
nation in promoting broader VOC immunity in children compared
to infection (fig. S1). Together, these data show that mRNA vacci-
nation can elicit strong but dose-dependent anti-SARS-CoV-2 binding
and neutralizing titers in children superior to natural infection that are
accompanied by some age-dependent shifts in isotype-antibody profiles.

mRNA vaccination induces highly potent spike
protein-specific Fc-effector functions in children

In addition to binding and neutralization, protection against severe
adult COVID-19 has been linked to the ability of antibodies to lever-
age additional antiviral functions by Fc receptors to fight infection,
referred to as antibody effector functions (12-14). Specifically,
opsonophagocytic pathogen clearance is key to protection against
several bacterial pathogens, and cytotoxic antibody functions have
been linked to protection against viruses (15, 16). Thus, we profiled

A ° ¢ [E w
106 : 106 107 : —_ :
: : 3 :
: : 2 81924 : |:| 19G2 |:|
: ° : = oo
S T S S
= 10° o g e & g °Lo88 _ o o8 1963
= : oB: : :
: = : e = ° : ® = a o®o: T
2 0322 oopi £ = 0§ ogdi & S0 oo €551 2= s oy 800 T ] e []
O X S L ST  ERLE
Brod d tMate” Buog. gfffr ol B |y BT gy BT o []
o © oo ig 8 o 09 e e © @ = - © o o
5 g8 " " o b o0 8 8ocio 3 Clg=o ° if on [ ]
. . . oo Pl
1030 —— 103 —— 1030 — ° sl T
vo Vi V2 o v vo Vi1 V2 o v vo Vi V2 o v Vo Vi1 V2 o v IgA2 |:|
> n > 5 > n >\
" o o 2 e [
50-ug mRNA-1273 100-pg mRNA-1273 100-ug mRNA-1273 - .
O(childrena—Hyears) ° (children 6—-11 years) (adults) © Pediatric COVID e MIS-C Adult Children  Children
(100 ug) (100 pg) (50 pg)

Fig. 1. mRNA-1273 vaccination induces robust binding and neutralizing titers in children. (A) Relative SARS-CoV-2 spike protein (Wuhan)-specific IgM, IgA1, and
19G1 binding was determined by Luminex in children (6 to 11 years) receiving 50 ug or 100 pug of mRNA1273 before (V0sq ug: n'=12; V0109 ug: n = 12), after the first dose
(V150,g: N =9; V11g0ug: N =12), or after the second dose (V250 ,4: 1= 11; V2109 ug: n = 12) or in adults receiving two 100-ug doses (V1: n=19; V2: n=33) as well as in samples
from individuals after pediatric COVID (n =9) or MIS-C (n = 6). MFI, median fluorescence intensity. (B) The dot plots show the inverse 50% pseudovirus neutralizing titers
(PNTsp) in children (6 to 11 years) receiving 50 ug or 100 pg of MRNA1273 before (V05 ug: N = 12; V0100 4g: N = 12), after the first dose (V150 ug: 1=9; V1100 ug: 1= 12), or after
the second dose (V250,,4: n=9; V2100 ,g: = 11) or in adults receiving two 100-ug doses (V2: n = 14) as well as in convalescent pediatric COVID (n=9) or MIS-C (n = 6) sam-
ples. Horizontal bars in (A) and (B) indicate mean. (C) Heatmap strips summarize univariate comparison at the V2 time point of 100-ug dose vaccinated children to adults
(left) or to 50-ug dose vaccinated children (right). pVNT, pseudovirus-neutralizing titer. The color of the tiles indicate whether antibody binding titer was up-regulated in
the respective group: 100-ug vaccinated children (blue shades), adults (red shades), or 50-ug vaccinated children (yellow shades). A Wilcoxon signed-rank test was used
to test for statistical significance, and asterisks indicate statistically significant differences of the respective feature after Benjamini-Hochberg correction for multiple
testing (**P < 0.01 and ****P < 0.0001).
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the relative ability of vaccine-induced immune responses to bind to  humoral immune responses, we examined vaccine-induced Fc-effector
human Fc receptors (FcyR2a, FcyR2b, FcyR3a, FcyR3b, and FcaR)  functions (Fig. 2C). Low degrees of ADCD, ADNP, and ACDP were
as well as their ability to elicit antibody-dependent complement observed after primary immunization but were augmented by the
deposition (ADCD), antibody-dependent neutrophil phagocytosis  second immunization across the groups, resulting in significantly
(ADNP), antibody-dependent monocyte phagocytosis (ADCP), or  increased ADCD and ADNP in the 100-ug vaccinated children com-
antibody-dependent NK cell activation (ADNKA). Children in both  pared to adults or the 50-ug pediatric dose (Fig. 2, C and D; Popcp =
dose groups elicited spike protein-specific IgG antibodies that bound ~ 0.007 and Papnp < 0.001). In contrast, natural killer (NK) cell func-
robustly to all Fc receptors after the first dose, greater than responses  tions [as measured by macrophage inflammatory protein 18 (MIP-1p),
observed in vaccinated adults and in natural COVID-19 infection interferon-y (IFN-y), and CD107a expression] were induced to equal
or MIS-C (Fig. 2A). Moreover, these responses expanded further  degrees across all groups (Fig. 2D and fig. S2B). Overall, high-dose
after the second immunization, resulting in significantly elevated mRNA-1273 induced a higher abundance of ADCD- and ADNP-
antibody-Fc receptor binding in the 100-ug pediatric dose group com-  promoting antibodies in children compared to adults after the 100-ug
pared to the 50-ug dose (Prcyrza = 0.001, Preyrob < 0.001, Preyr3a =  vaccine regimen (Fig. 2D). These data point to enhanced functional
0.002, and Preyr3p = 0.004, respectively), with significantly higher  antibody responsiveness in children at a matched 100-ug dose com-
FcyR3a (P = 0.004) but otherwise similar FcyR2a, FcyR2b, and  pared to adults and a solid functional response at the optimized 50-ug
FcyR3b binding in the 100-ug pediatric dose group as compared to ~ dose, endowing children with a robust functional immune response
the 100-pg adult group (Fig. 2B). This increased Fc receptor binding  at half the adult dose, all of which were to a higher degree than those
was not directly related to overall changes in spike protein-specific ~ observed after natural infection or MIS-C.
IgG subclass selection (fig. S1), pointing to alternate mechanisms
for augmented humoral immune function in children, potentially ~mRNA vaccination in children results in selective expansion
linked to pediatric selection of more potent Fc-glycosylation pro- of opsonophagocytic antibodies
files (17). In contrast, compared to adults, children induced lower = To gain a more granular sense of the differences in immune responses
concentrations of IgA antibodies that exhibited, as expected, lower  across children and adults at matched doses or across children re-
interactions with the IgA-Fc receptor, FcoR, compared to adults  ceiving the 50-ug and 100-pg doses, we next used a machine learn-
(Fig. 2B and fig. S2A) (18, 19). ing approach to probe the humoral immune features that differed
To next determine whether these distinct pediatric Fcy receptor ~ most across these groups. As few as six of the overall features ana-
binding profiles translated to more functional spike protein-specific ~ lyzed across all plasma samples were sufficient to completely resolve
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Fig. 2. mRNA-1273 vaccination induces higher FcyR binding and phagocytic activity in children. (A) Binding of SARS-CoV-2-specific antibodies to FcyR2a, FcyR2b,
FcyR3a, and FcyR3b was determined by Luminex in children (6 to 11 years) receiving 50 ug or 100 ng of mRNA1273 before (VOsq ug: n = 12; V010 ug: 1 = 12), after the first
dose (V150,4: n=9; V1100: n = 12), or after the second dose (V250 ug: n=11; V2100 9: n = 12) or in adults receiving two 100-ug doses (V1: n=19; V2: n=33) as well as in con-
valescent pediatric COVID (n =9) or MIS-C (n = 6) samples. (B) Heatmap strips summarize univariate comparison of Fc receptor binding at the V2 time point of 100-ug dose
vaccinated children to adults (left) or to 50-ug dose vaccinated children (right). The color of the tiles indicates whether antibody binding titer was up-regulated in the
respective group: 100-ug vaccinated children (blue shades), adults (red shades), or 50-ug vaccinated children (yellow shades). (C) The ability of SARS-CoV-2 spike protein-
specific antibody Fc to induce ADCD, ADNP, cellular THP-1 monocyte phagocytosis (ADCP), or activation of NK cells marked by expression of MIP-1f was analyzed in the
same samples as in (A). (D) Heatmap strips summarize univariate comparison of Fc-effector functions at the V2 time point of 100-ug dose vaccinated children to adults
(left) or to 50-ug dose vaccinated children (right) as in (B). A Wilcoxon signed-rank test was used to test for statistical significance in (C) and (D), and asterisks indicate
statistically significant differences of the respective feature after Benjamini-Hochberg correction for multiple testing (*P < 0.05; **P < 0.01;***P < 0.001; ****P < 0.0001).
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vaccine-induced immune responses induced by the 100-ug dose
across children and adults (Fig. 3, A and B). Specifically, vaccine-
induced spike protein-specific IgG1, FcyR3a binding, ADNP, and
ADCD were all enriched selectively in children, whereas spike
protein-specific IgM and IgAL titers were enriched in adults (Fig. 3A),
highlighting distinct isotype selection in adults and the generation
of more functional antibodies in children. Conversely, comparison
of 50-pg and 100-pug doses in children was achieved using only two
of all antibody features analyzed for each plasma sample. These fea-
ture spike protein-specific ADNP and IgG4 concentrations, both of
which were enriched in the immune profiles in children who re-
ceived the 100-pug dose of the vaccine (Fig. 3, C and D). In addition,
in contrast to infection, vaccination induced higher titers and higher
degrees of antibody function in vaccinated children than those
who were previously infected (Fig. 2 and fig. $3). Collectively, these

data point to slight shifts in isotype selection between adults and
children but the potential for children to raise more antibodies with
effector functions.

mRNA vaccination in children raises robust responses
against SARS-CoV-2 VOCs

Real-world effectiveness data suggest that mRNA vaccines confer
robust protection against severe disease and death against the orig-
inal (wild-type) SARS-CoV-2 strain (Wuhan) at greater than 90%
(20). This degree of effectiveness appears to be sustained against evolv-
ing VOCs, including the alpha and delta variants, although lower
degrees of protection have been observed against the beta variant
(21, 22). Whereas previous VOCs were marked by single or few
amino acid substitutions, the omicron variant (B.1.1.529 or BA.1) has
29 mutations in the spike protein, resulting in enhanced transmissibility
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Fig. 3. Distinct humoral profiles distinguish adult and pediatric vaccine responses. (A) A machine learning model was built using a minimal set of LASSO-selected
SARS-CoV-2 spike protein-specific features at V2 (left) to discriminate between vaccine responses in adult (red) and 100-ug vaccinated children (purple) in a PLS-DA
analysis (right; VIP indicates the variable importance projection score). (B) A 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). (C) PLS-DA model of LASSO selected features at V2 (left) to discriminate between vaccine responses in 100-ug (purple) and
50-ug (yellow) vaccinated children. (D) A co-correlation network as in (B) illustrates all LASSO-selected features. A single node of a selected feature is colored purple to

indicate enrichment in samples from 100-ug vaccinated children.
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and a concomitant loss of neutralizing titers (23, 24). Yet, despite the
notable increase in omicron transmissibility, a similar increase in
severe disease and death has not been observed, suggesting that al-
ternate vaccine-induced immune responses may continue to afford
protection against severe disease and death. We thus explored
whether mRNA vaccination in children resulted in the generation
of responses with differential VOC recognition capabilities (25).
We observed a progressive loss of IgM, IgA, and IgG binding to
VOC RBDs across both pediatric groups and adults, with more vari-
able cross-VOC IgG responses among 50-ug immunized children, but
a consistent and substantial loss of binding to the omicron RBD
across all three groups (Fig. 4A). Conversely spike protein-specific
responses were more resilient across most VOCs and across the three
groups, except for omicron spike protein-specific responses that were
considerably lower across IgM and IgA response across the groups
(Fig. 4B). Yet, IgG responses showed three different patterns: (i) 50-pg
immunized children experienced heterogeneous responses across
VOCs, marked by some of the lowest omicron-specific responses;
(ii) adults exhibited more stable variant spike protein-binding IgG
concentrations but experienced a substantial reduction in omicron
variant spike protein reactivity; and (iii) 100-ug immunized children
exhibited the least reduction in spike protein-specific recognition
across VOCs, including the omicron variant spike protein. Along
these lines, neutralization, which mostly relies on epitopes within
the RBD, was reduced to different VOC pseudoviruses compared to
the wild-type vaccine insert across the groups (Fig. 4C). Further-
more, Fc receptor binding capability was largely preserved across
RBD VOC:s, except for omicron RBD binding, which was substan-
tially lower across all three groups (Fig. 4D). However, the degree of
binding to VOC spike proteins differed across the three groups.
Whereas wild-type, alpha, beta, and delta VOC Fc receptor binding
profiles were highly preserved across all three groups, omicron vari-
ant spike protein-specific Fc receptor binding was most affected in
samples from 50-pg immunized children (Fig. 4D). Adults exhibited
an intermediate loss of Fc receptor binding antibodies specific to
the omicron spike protein, with some preservation of the opsono-
phagocytic FcyR2a and cytotoxic FcyR3a binding. Conversely, 100-ug
immunized children exhibited the smallest degree of loss of Fc
receptor binding to the omicron spike protein, suggesting the pres-
ence of highly resilient antibodies in children receiving the adult dose
that continue to bind to the omicron spike protein, despite the loss
of RBD binding. Last, to analyze whether children generate broader
or more flexible humoral immune response at the 100-ug dose, en-
abling them to preserve immunity to VOCs, we calculated an RBD
or spike protein breadth score by summing up the number of VOC
features with a value higher than the median across the population
(Fig. 4E and fig. S4). Children who received the 100-ug dose exhib-
ited the highest breadth score for RBD and spike protein, indicating
increased recognition of different VOCs. Conversely, children who
received the 50-ug dose exhibited significantly reduced breadth com-
pared to children in the 100-ug dose (RBD features, P = 0.005; spike
features, P = 0.006; Fig. 4E), pointing to qualitative difference across
the doses. Moreover, to probe the impact of preexisting coronavirus
immunity, responses were compared across groups to other circu-
lating human coronaviruses (fig. S5). Preexisting coronavirus titers
were associated with augmented vaccine response after each dose,
pointing to limited evidence of original antigenic sin. Whether dif-
ferences in VOC recognition, SARS-CoV-2 neutralization, and Fc
function lead to differences in disease breakthrough across the ages

Bartsch et al., Sci. Transl. Med. 14, eabn9237 (2022) 23 November 2022

remains unclear but provides some additional immunological insights
that may continue to explain the epidemiologic differences in dis-
ease severity in the setting of emerging VOCs.

DISCUSSION

Immunity elicited by mRNA vaccine platforms responds rapidly to
SARS-CoV-2 infection, demonstrating high degrees of effectiveness
in adult populations (26, 27). However, despite the successes of
SARS-CoV-2 vaccines, the global rollout of these vaccines has be-
gun to highlight key vulnerable populations and strategic gaps that
may limit the impact of vaccination globally. Although children
generally experience mild symptoms, they can harbor high concen-
trations of SARS-CoV-2 virions, thereby contributing substantially
to viral spread (28-30). Furthermore, increasing numbers of children
are suffering from severe COVID-19, with more than 43,000 hospi-
talizations and more than 1000 deaths in the United States alone as
of June 2022 (31). However, because children have a more naive
immune system that evolves with age, it was uncertain how the mRNA
vaccine platforms would affect immunogenicity in young children.
In addition, recent results suggest that dose adjustments for very young
children, due to safety and tolerance concerns, have introduced ad-
ditional variation in immunogenicity, resulting in poor immuno-
genicity in children under 5 years who received a lower dose than the
adult recommended dose (11). Thus, in the absence of empirical data,
optimal dosing is uncertain; here, we aimed to dive deeply in defin-
ing humoral profile differences across doses and across children
and adults. Similar to results with the Pfizer and Moderna mRNA
vaccine trials in teenagers (32, 33), here we found that the Moderna
mRNA vaccine was highly immunogenic in 6- to 11-year-old children,
generating a humoral response superior to that seen after viral ex-
posure. However, granular vaccine-induced humoral profiling iden-
tified differences in adult and pediatric vaccine responses, marked
by a selective induction of highly functional IgG responses, with fewer
IgA and IgM responses compared to adults. At a matched 100-ug
dose, children mounted robust opsonophagocytic functions and Fcy
receptor binding responses. Moreover, at half the adult dose, children
mounted equal, albeit more variable, responses compared to adults.
Although both doses were equally well tolerated in children in our
cohort, concerns of serious adverse events, including myocarditis
(34), have been reported in adolescents receiving adult dosing of the
BNT162b2 mRNA vaccination. It has been postulated that lower
mRNA vaccine doses in children could reduce the likelihood of ad-
verse events; however, it remains elusive whether the humoral re-
sponse induced by the 50-pig dose may be accompanied by a more
variable degree of protection. Yet, early data from BNT162b2-
immunized children suggest that lower doses in children confer ro-
bust protection against disease (35).

Virus neutralization represents a key surrogate marker of vac-
cine protection against COVID-19. Yet, despite the loss of neutral-
ization against several emerging VOCs, mRNA vaccines continue
to provide protection against severe disease and death (21, 36).
Opsonophagocytic functions of antibodies, rather than neutraliza-
tion alone, have been linked to survival of COVID-19 after infection
(12) and are associated with protection from infection in animal
models (37, 38). Here, when immunized with the adult dose, chil-
dren developed comparable neutralization profiles but exhibited a
preferential expansion of opsonophagocytic functions compared to
adults. The enhanced opsonophagocytic function was not linked to
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Fig. 4. mRNA-1273 vaccination elicits humoral responses to SARS-CoV-2 VOCs. (A and B) The line graphs show the vaccine-induced IgM, IgA1, and IgG1 recognition
to D614G (wild type; blue), alpha (B.1.1.7; yellow), beta (B.1.351; purple), delta (B.1.617.2; orange), and omicron (B.1.1.529; red) variants of concern RBDs (A) or full spike
protein (B). (C) Neutralizing titers are shown as pNTsq values. All plots in (A) to (C) show results for samples from children (nso . =6, n100,9=9) and adults (n=14) at V2,
where each individual’s response is linked across VOC antigens. (D) The line graphs show the FcyR (FcyR2a, FcyR2b, FcyR3a, and FcyR3b) binding profiles of vaccine-
induced antibodies to RBD or spike protein VOC antigens across children (nsq .g =6, N100 ug = 9) or adults (n = 14) at V2, where each individual’s response is linked across
VOC antigens. (E) Breadth score was calculated by summing up the number of VOC RBD- or spike protein-specific features above the median value for each individual
(N5 g =6, Nooug =9) or adults (n = 14) at V2. Horizontal bars in (E) indicate median. Background-corrected data are shown, and negative values were set to 100 for graph-
ing purposes in (A) to (D). A Kruskal-Wallis test with a Benjamini-Hochberg posttest correction for multiple comparisons was used to test for statistical differences between
wild-type and VOC titers within groups in (A) to (D) or between the groups in (E). P values for significantly different features are shown above, and fold change reductions
of omicron titers compared to wild type are shown below each dataset. Data for adult samples have been partly published previously (55).

differential subclass or isotype selection, suggesting that children
may induce more functional antibodies through alternate changes
to the humoral immune response, including potential differences in
posttranslational IgG modification, that may lead to more flexible,
highly functional responses, representing an evolutionary adapta-
tion enabling children to react more adaptability to infections (39).

The adaptive immune response matures during the first decade
of life (40). Several lines of evidence suggest that the more naive im-
mune response in children may allow the immune system to evolve

Bartsch et al., Sci. Transl. Med. 14, eabn9237 (2022) 23 November 2022

more easily to pathogens, making it poised to generate broader im-
munity to new viruses (41, 42). Moreover, throughout life, our naive
clonal repertoire or immune cells shift in response to the sequence
of pathogens and vaccines to which we are exposed. Thus, naive
children may have a less “biased” repertoire, enabling the genera-
tion of immunity to a broader range of pathogens (43). Along these
lines, we observed robust induction of immunity against most
VOCs, with the exception of the omicron variant. IgG and Fc recep-
tor binding profiles were highly similar among children and adults,
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although children immunized with the 100-pg dose induced IgG
that exhibited more recognition of the omicron spike protein in
comparison to children immunized with the 50-ug dose and 100-ug
immunized adults. Likewise, children in the 100-ug dose group elicited
responses with an increased cross-VOC breadth, whereas children
in the 50-ug dose group exhibited reduced cross-VOC recognition.
These data suggest that higher pediatric dosing can result in more
flexible humoral immunity in children against highly divergent VOCs,
potentially superior to those induced in adults at a matched dose.
Thus, at the right dose, children may generate more functional Fc-
effector functions, which, although not neutralizing, may be poised
for rapid elimination of the pathogen upon transmission, providing
a highly effective means to prevent COVID-19 in this population.

Our study does have limitations. We were limited in the number
of pediatric samples collected and analyzed, but differences were
still noted in the humoral immune response after vaccination and
infection. Timing of sample collection represents another limita-
tion. We analyzed vaccine antibody responses in children for up to
4 weeks after the second dose, when titers were still high. It will be
critical to analyze durability of these response and to determine
whether these responses will wane differentially across doses and
ages, whether they will be more protective against particular VOCs,
and whether children will require booster doses of vaccine.

With the increasing spread of SARS-CoV-2 VOCs (44), the in-
creasing incidence of COVID-19 among the pediatric population,
the rare but serious development of MIS-C, and the recent appreci-
ation for long COVID in children, the need to determine whether
SARS-CoV-2 vaccines can elicit functional immune responses will
be key to protect children (3, 5, 28, 45, 46). Comparable to previous
observations in adults (10), the mRNA-1273 vaccine induced robust
binding titers, neutralization, and Fc-effector functions in vaccinated
children in a dose-dependent manner; these responses were often
higher than those observed in children diagnosed with COVID-19
or MIS-C, pointing to the importance of vaccination to robustly
bolster immunity to SARS-CoV-2. Together, these findings support
vaccination of children with mRNA-1273 as a safe and effective strategy
to protect children against COVID-19, MIS-C, and long COVID.

MATERIALS AND METHODS

Study design

To compare antibody responses elicited by the Moderna SARS-CoV -2
vaccine mRNA-1273, pediatric vaccine samples were obtained
from children who were vaccinated with two doses of 100 ug of the
mRNA-1273 vaccine or two doses of 50 ug of the mRNA-1273 in a
phase 2/3 clinical trial (ClinicalTrials.gov identifier: NCT04796896)
at Massachusetts General Hospital (MGH). In addition, we included
samples from nine children at convalescence (median duration since
symptom onset: 52 days) who previously presented with polymerase
chain reaction-confirmed COVID-19 (age range, 1 to 9 years) and
six children with acute MIS-C (age range, 3 to 21 years) (table S1).
Samples from 33 adults (age range, 20 to 55 years) who received two
doses of 100 pg of the mRNA-1273 were also included as controls
(ClinicalTrials.gov identifiers: NCT04380896 and NCT04283461).
All pediatric participants provided informed assent, when age
appropriate, and participants or their legal guardian provided in-
formed consent before participation. Blood samples were collected
before vaccination (V0), about 1 month after the first vaccination
(V1), and 1 month after the second vaccination (V2). This study
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was overseen and approved by the Mass General Brigham Institu-
tional Review Board (IRB no. 2020P00955). Buffy coats for NK cell
preparation from healthy volunteers were collected and processed
by the MGH Blood Bank. Whole blood samples for neutrophil iso-
lation were collected at the Ragon Institute of MGH, MIT, and Harvard.
All donors were 18 years or older and gave signed consent. Samples
were deidentified before use, and the study was approved by the
MGH Institutional Review Board.

Antigens and biotinylation

SARS-CoV-2 D614G or VOC Spike and RDB proteins were ex-
pressed in mammalian human embryonic kidney (HEK) 293 cells
and obtained from Sino Biological. All antigens were biotinylated
using an NHS-Sulfo-LC-LC kit according to the manufacturer’s in-
struction (Thermo Fisher Scientific). If required by the assay, excessive
biotin was removed by size exclusion chromatography using Zeba-
Spin desalting columns (7-kDa cutoff; Thermo Fisher Scientific).

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 (47). Briefly, antigens were coupled
directly to Luminex microspheres (Luminex Corp.). Coupled beads
were incubated with diluted plasma samples washed, and Ig isotypes
or subclasses with a 1:100 diluted phycoerythrin (PE)-conjugated
secondary antibody [anti-human IgG1 (catalog no. 9052-09, RRID:
AB_2796621), 1gG2 (catalog no. 9060-09, RRID:AB_2796635), IgG3
(catalog no. 9210-09, RRID:AB_2796701), IgG4 (catalog no. 9200-09,
RRID:AB_2796693), IgM (catalog no. 9020-09, RRID:AB_2796577),
IgAl (catalog no. 9130-09, RRID:AB_2796656), or IgA2 (catalog
no. 9140-04, RRID:AB_2796661), all from Southern Biotech]. For
the FcyR binding, a respective PE-streptavidin (Agilent Technolo-
gies) coupled recombinant and biotinylated human FcyR protein was
used as a secondary probe. Excessive secondary reagent was washed
away after a 1-hour incubation, and the relative antigen-specific
antibody concentrations were determined on an iQue analyzer
(IntelliCyt). Each sample was analyzed in duplicate.

Pseudovirus neutralization assay

Threefold serial dilutions were performed for each plasma sample
before adding 50 to 250 infectious units of pseudovirus expressing
the SARS-CoV-2 reference (Wuhan/wild-type), beta, delta, or
omicron variant spike protein to human angiotensin-converting
enzyme 2 expressing HEK293 cells for 1 hour. Dilutions ranged
from 1:12 to 1:8748 for wild-type and delta and 1:36 to 1:8748 for
beta and omicron due to the limited sample volume. Percentage
neutralization was determined by subtracting background lumines-
cence measured in cell control wells (cells only) from sample wells
and dividing by virus control wells (virus and cells only). Pseudovirus
neutralization titer (pNTso) values were calculated by taking the in-
verse of the 50% inhibitory concentration value for all samples with
a pseudovirus neutralization value of 80% or higher at the highest
concentration of serum.

ADCD assay

Complement deposition was performed as described before (48).
Briefly, biotinylated antigens were coupled to FluoSphere NeutrAvidin
beads (Thermo Fisher Scientific) and, to form immune complexes,
incubated with 10 ul of 1:10 diluted plasma samples for 2 hours at
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37°C. After nonspecific antibodies were washed away, immune
complexes were incubated with guinea pig complement in GVB++
buffer (Boston BioProducts) for 20 min at 37°C. EDTA-containing
phosphate-buffered saline (15 mM) was used to stop the comple-
ment reaction, and deposited C3 on beads was stained with anti-guinea pig
C3-fluorescein isothiocyanate antibody (1:100; MP Biomedicals;
catalog no. 0855385, RRID:AB_2334913) and analyzed on an iQue
analyzer (IntelliCyt). Each sample was analyzed in duplicate.

ADNP assay

The phagocytosis score of primary human neutrophils was deter-
mined as described before (49). Biotinylated antigens were coupled
to FluoSphere NeutrAvidin beads (Thermo Fisher Scientific) and
incubated with 10 ul of 1:100 diluted plasma for 2 hours at 37°C to
form immune complexes. Primary neutrophils were derived from
ammonium-chloride-potassium buffer lysed whole blood from healthy
donors (see above) and incubated with washed immune complexes
for 1 hour at 37°C. Afterward, neutrophils were stained for surface
CD66b (BioLegend, catalog no. 305111, RRID:AB_2563293, Pacific
Blue conjugated) expression, fixed with 4% paraformaldehyde, and
analyzed on a iQue analyzer (IntelliCyt). Each sample was analyzed
in duplicate using neutrophils from two different blood donors
(biological duplicate).

ADCP assay

THP-1 phagocytosis assay was performed as described before (50).
Briefly, biotinylated antigens were coupled to FluoSphere NeutrAvidin
beads (Thermo Fisher Scientific) and incubated with 10 ul of 1:100
diluted plasma for 2 hours at 37°C to form immune complexes.
THP-1 monocytes (American Type Culture Collection) were added
to the beads, incubated for 16 hours at 37°C, and fixed with 4%
paraformaldehyde. Samples were analyzed on a iQue analyzer
(IntelliCyt). Each sample was analyzed in duplicate.

ADNKA assay

To determine antibody-dependent NK cell activation, MaxiSorp
enzyme-linked immunosorbent assay (ELISA) plates (Thermo Fisher
Scientific) were coated with respective antigen for 2 hours at room
temperature and then blocked with 5% bovine serum albumin
(Sigma-Aldrich). Fifty microliters of 1:50 diluted plasma sample
was added to the wells and incubated overnight at 4°C. NK cells
were isolated from bufty coats from healthy donors (see above) us-
ing the RosetteSep NK cell enrichment kit (STEMCELL Technolo-
gies) and stimulated with recombinant human interleukin-15 (1 ng/ml;
STEMCELL Technologies) at 37°C overnight. NK cells were added
to the washed ELISA plate and incubated together with anti-human
CD107a Brilliant Violet (BV)605 (1:40; BioLegend, catalog no.
328634, RRID:AB_2563851), brefeldin A (Sigma-Aldrich), and
monensin (BD Biosciences) for 5 hours at 37°C. Next, cells were
surface-stained for CD56 [1:200; BD Biosciences, catalog no. 335791,
RRID:AB_399970, PE cyanine 7 (cy7) conjugated] and CD3 (1:800;
BioLegend, catalog no. 300426, RRID:AB_830755, allophycocyanin-
cy7 conjugated). After fixation and permeabilization with the FIX &
PERM Cell Permeabilization Kit (Thermo Fisher Scientific), cells
were stained for intracellular markers MIP-1p (1:50; BD Biosciences,
catalog no. 562900, RRID:AB_2737877, BV421 conjugated) and
IEN-y (1:17; BD Biosciences, catalog no. 554701, RRID:AB_395518,
PE conjugated). NK cells were defined as CD3"CD16"CD56", and
frequencies of degranulated (CD107a"), IFN-y*, and MIP-18" NK
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cells were determined on an iQue analyzer (IntelliCyt) (51). Each
sample was tested with NK cells from three different donors (bio-
logical triplicates).

Calculation of VOC breadth

To calculate the breadth of binding across VOCs, isotype, subclass,
or Fc receptor features of the VOCs were normalized to the respec-
tive D614G feature to account for age- or vaccine-related differences.
For each feature, the median value was calculated and subtracted
from the individual values. Each individual with a positive differ-
ence (above or at the median) was assigned a 1 and each individual
with a negative difference (below the median) was assigned a 0. The
feature breadth score per individual was defined as the sum of this
matrix for all analyzed VOCs per spike protein- or RBD-specific
feature, respectively. A maximum breadth score of 4 was possible if
median was higher for all analyzed VOC:s for the respective feature.
The sum of all breadth scores per spike protein or RBD antigen is
plotted in Fig. 4E.

Statistical analysis
Data analysis was performed using GraphPad Prism (v.9.2.0) and
RStudio (v.1.3 and R v.4.0). No data points were omitted from the
analysis. We assumed nonnormal distribution. Comparisons between
the adults and children were performed using Wilcoxon signed-
rank test followed by Benjamini-Hochberg (BH) correction. A
Kruskal-Wallis test with BH correction was performed for the com-
parison of variant of concern titers. Association of preexisting corona-
virus (strains OC43, NL63, or HKU1) IgG1 titers and SARS-CoV-2
vaccine-induced titers was assessed by Spearman correlation.
Multivariate classification models were built to discriminate hu-
moral profiles between vaccination arms. Before 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 10-fold cross-validation. These analyses were performed us-
ing the R package “ropls” version 1.20.0 (52) and “glmnet” version
4.0.2 (53). Co-correlates of LASSO selected features were calculated
to find features that can equally contribute to discriminating vaccina-
tion arms. Correlations were performed using the Spearman method
followed by BH correction. The co-correlate network was generated
using the R package “network” version 1.16.0 (54). Raw, individual-
level data are presented in data file SI.

SUPPLEMENTARY MATERIALS
www.science.org/doi/10.1126/scitranslmed.abn9237
Figs.S1to S5

Tables S1.and S2

Data file S1

MDAR Reproducibility Checklist

View/request a protocol for this paper from Bio-protocol.

REFERENCES AND NOTES

1. G.Matias, R. Taylor, F. Haguinet, C. Schuck-Paim, R. Lustig, V. Shinde, Estimates
of hospitalization attributable to influenza and RSV in the US during 1997-2009, by age
and risk status. BMC Public Health 17,271 (2017).

2. J.F.Ludvigsson, Systematic review of COVID-19 in children shows milder cases
and a better prognosis than adults. Acta Paediatr. 109, 1088-1095 (2020).

3. D.A.Siegel, H. E.Reses, A.J. Cool, C. N. Shapiro, J. Hsu, T. K. Boehmer, C. R. Cornwell,
E.B. Gray, S.J. Henley, K. Lochner, A. B. Suthar, B. C. Lyons, L. Mattocks, K. Hartnett,
J. Adjemian, K. L. van Santen, M. Sheppard, K. A. Soetebier; MAPW1, P. Logan, M. Martin,

80of 10

€202 ‘70 Arenuer uo BI0°30US 105 MMM,/:SANY WOJ | PapPE0 JUMOQ


http://www.science.org/doi/10.1126/scitranslmed.abn9237
https://en.bio-protocol.org/cjrap.aspx?eid=10.1126/scitranslmed.abn9237

SCIENCE TRANSLATIONAL MEDICINE | RESEARCH ARTICLE

Bartsch et al., Sci. Transl. Med. 14, eabn9237 (2022)

O. Idubor, P. Natarajan, K. Sircar, E. Oyegun, J. Dalton, C. G. Perrine, G. Peacock,

B. Schweitzer, S. B. Morris, E. Raizes, Trends in COVID-19 cases, emergency department
visits, and hospital admissions among children and adolescents aged 0-17 years—United
States, August 2020-August 2021. MMWR Morb. Mortal. Wkly. Rep. 70, 1249-1254 (2021).

. CDC.gov CenterForDiseaseControlAndPrevention, CDC COVID Variant tracker (accessed

date 30 December 2021); https://covid.cdc.gov/covid-data-tracker/#variant-proportions.

.M. J. Delahoy, D. Ujamaa, M. Whitaker, A. O'Halloran, O. Anglin, E. Burns, C. Cummings,

R. Holstein, A. K. Kambhampati, J. Milucky, K. Patel, H. Pham, C. A. Taylor, S. J. Chai,
A.Reingold, N. B. Alden, B. Kawasaki, J. Meek, K. Yousey-Hindes, E. J. Anderson,

K. P.Openo, K. Teno, A. Weigel, S. Kim, L. Leegwater, E. Bye, K. Como-Sabetti, S. Ropp,
D. Rudin, A. Muse, N. Spina, N. M. Bennett, K. Popham, L. M. Billing, E. Shiltz, M. Sutton,
A.Thomas, W. Schaffner, H. K. Talbot, M. T. Crossland, K. McCaffrey, A. J. Hall, A. M. Fry,
M. McMorrow, C. Reed, S. Garg, F. P. Havers; COVID-NET Surveillance Team,
Hospitalizations associated with COVID-19 among children and adolescents—COVID-
NET, 14 States, March 1, 2020-August 14, 2021. MMWR Morb. Mortal. Wkly. Rep. 70,
1255-1260 (2021).

. L.R. Feldstein, E. B. Rose, S. M. Horwitz, J. P. Collins, M. M. Newhams, M. B. F. Son,

J. W.Newburger, L. C. Kleinman, S. M. Heidemann, A. A. Martin, A. R. Singh, S. Li,

K. M. Tarquinio, P. Jaggi, M. E. Oster, S. P. Zackai, J. Gillen, A. J. Ratner, R. F. Walsh,

J. C. Fitzgerald, M. A. Keenaghan, H. Alharash, S. Doymaz, K. N. Clouser, J. S. Giuliano Jr.,

A. Gupta, R. M. Parker, A. B. Maddux, V. Havalad, S. Ramsingh, H. Bukulmez, T. T. Bradford,
L. S. Smith, M. W. Tenforde, C. L. Carroll, B. J. Riggs, S. J. Gertz, A. Daube, A. Lansell,

A. Coronado Munoz, C. V. Hobbs, K. L. Marohn, N. B. Halasa, M. M. Patel, A. G. Randolph;
Overcoming COVID-19 Investigators; CDC COVID-19 Response Team, Multisystem
inflammatory syndrome in U.S. children and adolescents. N. Engl. J. Med. 383, 334-346 (2020).

. E.J.Schatorje, G. J. Driessen, R. W. van Hout, M. van der Burg, E. de Vries, Levels of somatic

hypermutations in B cell receptors increase during childhood. Clin. Exp. Inmunol. 178,
394-398 (2014).

. Z.A.Bhutta, R. E. Black, Global maternal, newborn, and child health—So near and yet

sofar. N. Engl. J. Med. 369, 2226-2235 (2013).

. J. Bonhoeffer, C. A. Siegrist, P. T. Heath, Immunisation of premature infants. Arch. Dis.

Child. 91, 929-935 (2006).

. L.A.Jackson, E. J. Anderson, N. G. Rouphael, P. C. Roberts, M. Makhene, R. N. Coler,

M. P. McCullough, J. D. Chappell, M. R. Denison, L. J. Stevens, A. J. Pruijssers,

A. McDermott, B. Flach, N. A. Doria-Rose, K. S. Corbett, K. M. Morabito, S. O'Dell,

S.D. Schmidt, P. A. Swanson 2nd, M. Padilla, J. R. Mascola, K. M. Neuzil, H. Bennett, W. Sun,
E. Peters, M. Makowski, J. Albert, K. Cross, W. Buchanan, R. Pikaart-Tautges,

J.E. Ledgerwood, B. S. Graham, J. H. Beigel; mRNA-1273 Study Group, An mRNA vaccine
against SARS-CoV-2—Preliminary report. N. Engl. J. Med. 383, 1920-1931 (2020).

. Press Release Pfizer Inc. and BioNTech SE Pfizer and BioNTech provide update on

ongoing studies of COVID-19 vaccine (2021); https://www.pfizer.com/news/press-release/
press-release-detail/pfizer-and-biontech-provide-update-ongoing-studies-covid-19.

. T.Zohar, C. Loos, S. Fischinger, C. Atyeo, C. Wang, M. D. Slein, J. Burke, J. Yu, J. Feldman,

B. M. Hauser, T. Caradonna, A. G. Schmidt, Y. Cai, H. Streeck, E. T. Ryan, D. H. Barouch,
R.C. Charles, D. A. Lauffenburger, G. Alter, Compromised humoral functional evolution
tracks with SARS-CoV-2 mortality. Cell 183, 1508-1519.e12 (2020).

. C.E.Z.Chan, S.G. K. Seah, H. Chye, S. Massey, M. Torres, A. P. C. Lim, S. K. K. Wong,

J.J.Y.Neo, P.S.Wong, J. H. Lim, G. S. L. Loh, D. Wang, J. D. Boyd-Kirkup, S. Guan,

D. Thakkar, G. H. Teo, K. Purushotorman, P. E. Hutchinson, B. E. Young, J. G. Low,

P. A.MacAry, H. Hentze, V. S. Prativadibhayankara, K. Ethirajulu, J. E. Comer, C. K. Tseng,
A.D.T.Barrett, P. J. Ingram, T. Brasel, B. J. Hanson, The Fc-mediated effector functions
of a potent SARS-CoV-2 neutralizing antibody, SC31, isolated from an early convalescent
COVID-19 patient, are essential for the optimal therapeutic efficacy of the antibody.
PLOS ONE 16, €0253487 (2021).

. M. J. Gorman, N. Patel, M. Guebre-Xabier, A. L. Zhu, C. Atyeo, K. M. Pullen, C. Loos,

Y. Goez-Gazi, R. Carrion Jr., J. H. Tian, D. Yuan, K. A. Bowman, B. Zhou, S. Maciejewski,

M. E. McGrath, J. Logue, M. B. Frieman, D. Montefiori, C. Mann, S. Schendel, F. Amanat,
F.Krammer, E. O. Saphire, D. Lauffenburger, A. M. Greene, A. D. Portnoff, M. J. Massare,

L. Ellingsworth, G. Glenn, G. Smith, G. Alter, Fab and Fc contribute to maximal protection
against SARS-CoV-2 following NVX-CoV2373 subunit vaccine with Matrix-M vaccination.
Cell Rep. Med. 21, 100405 (2021).

. T.Andrews, K. E. Sullivan, Infections in patients with inherited defects in phagocytic

function. Clin. Microbiol. Rev. 16, 597-621 (2003).

. D.N. Forthal, C. Moog, Fc receptor-mediated antiviral antibodies. Curr. Opin. HIV AIDS 4,

388-393 (2009).

. S.Chakraborty, J. Gonzalez, K. Edwards, V. Mallajosyula, A. S. Buzzanco, R. Sherwood,

C. Buffone, N. Kathale, S. Providenza, M. M. Xie, J. R. Andrews, C. A. Blish, U. Singh,

H. Dugan, P. C. Wilson, T. D. Pham, S. D. Boyd, K. C. Nadeau, B. A. Pinsky, S. Zhang,

M. J. Memoli, J. K. Taubenberger, T. Morales, J. M. Schapiro, G. S. Tan, P. Jagannathan,
T.T. Wang, Proinflammatory IgG Fc structures in patients with severe COVID-19. Nat.
Immunol. 22, 67-73 (2021).

23 November 2022

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

E.R. Stiehm, H. H. Fudenberg, Serum levels of immune globulins in health and disease:
A survey. Pediatrics 37, 715-727 (1966).

J. M. Woof, M. A. Kerr, IgA function—Variations on a theme. Immunology 113, 175-177
(2004).

E.J. Haas, F.J. Angulo, J. M. McLaughlin, E. Anis, S. R. Singer, F. Khan, N. Brooks, M. Smaja,
G. Mircus, K. Pan, J. Southern, D. L. Swerdlow, L. Jodar, Y. Levy, S. Alroy-Preis, Impact
and effectiveness of mMRNA BNT162b2 vaccine against SARS-CoV-2 infections

and COVID-19 cases, hospitalisations, and deaths following a nationwide vaccination
campaign in Israel: An observational study using national surveillance data. Lancet 397,
1819-1829 (2021).

J.S. Tregoning, K. E. Flight, S. L. Higham, Z. Wang, B. F. Pierce, Progress of the COVID-19
vaccine effort: Viruses, vaccines and variants versus efficacy, effectiveness and escape.
Nat. Rev. Immunol. 21, 626-636 (2021).

L.J. Abu-Raddad, H. Chemaitelly, A. A. Butt; National Study Group for COVID-19
Vaccination, Effectiveness of the BNT162b2 Covid-19 vaccine against the B.1.1.7

and B.1.351 Variants. N. Engl. J. Med. 385, 187-189 (2021).

L. A.VanBlargan, J. M. Errico, P. J. Halfmann, S. J. Zost, J. E. Crowe Jr., L. A. Purcell,

Y. Kawaoka, D. Corti, D. H. Fremont, M. S. Diamond, An infectious SARS-CoV-2 B.1.1.529
Omicron virus escapes neutralization by therapeutic monoclonal antibodies. Nat. Med.
28, 490-495 (2022).

D. Planas, N. Saunders, P. Maes, F. Guivel-Benhassine, C. Planchais, J. Buchrieser,

W. H. Bolland, F. Porrot, . Staropoli, F. Lemoine, H. Pere, D. Veyer, J. Puech, J. Rodary,

G. Baele, S. Dellicour, J. Raymenants, S. Gorissen, C. Geenen, B. Vanmechelen,

T. Wawina-Bokalanga, J. Marti-Carreras, L. Cuypers, A. Seve, L. Hocqueloux, T. Prazuck,
F. A.Rey, E. Simon-Loriere, T. Bruel, H. Mouquet, E. Andre, O. Schwartz, Considerable
escape of SARS-CoV-2 Omicron to antibody neutralization. Nature 602, 671-675 (2022).
P. Kaplonek, D. Cizmeci, S. Fischinger, A. R. Collier, T. Suscovich, C. Linde, T. Broge,

C. Mann, F. Amanat, D. Dayal, J. Rhee, M. de St Aubin, E. J. Nilles, E. R. Musk, A. S. Menon,
E. O. Saphire, F. Krammer, D. A. Lauffenburger, D. H. Barouch, G. Alter, mRNA-1273

and BNT162b2 COVID-19 vaccines elicit antibodies with differences in Fc-mediated
effector functions. Sci. Transl. Med. 14, eabm2311 (2022).

L. R. Baden, H. M. El Sahly, B. Essink, K. Kotloff, S. Frey, R. Novak, D. Diemert,

S. A. Spector, N. Rouphael, C. B. Creech, J. McGettigan, S. Khetan, N. Segall, J. Solis,

A. Brosz, C. Fierro, H. Schwartz, K. Neuzil, L. Corey, P. Gilbert, H. Janes, D. Follmann,

M. Marovich, J. Mascola, L. Polakowski, J. Ledgerwood, B. S. Graham, H. Bennett,

R. Pajon, C. Knightly, B. Leav, W. Deng, H. Zhou, S. Han, M. Ivarsson, J. Miller, T. Zaks;
COVE Study Group, Efficacy and safety of the mRNA-1273 SARS-CoV-2 vaccine. N. Engl.
J. Med. 384, 403-416 (2021).

F.P.Polack, S. J. Thomas, N. Kitchin, J. Absalon, A. Gurtman, S. Lockhart, J. L. Perez,

G. Perez Marc, E. D. Moreira, C. Zerbini, R. Bailey, K. A. Swanson, S. Roychoudhury,

K. Koury, P. Li, W. V. Kalina, D. Cooper, R. W. Frenck Jr., L. L. Hammitt, O. Tureci, H. Nell,
A. Schaefer, S. Unal, D. B. Tresnan, S. Mather, P. R. Dormitzer, U. Sahin, K. U. Jansen,

W. C. Gruber; C4591001 Clinical Trial Group, Safety and efficacy of the BNT162b2 mRNA
Covid-19 vaccine. N. Engl. J. Med. 383, 2603-2615 (2020).

V.T.Chu, A.R. Yousaf, K. Chang, N. G. Schwartz, C. J. McDaniel, S. H. Lee, C. M. Szablewski,
M. Brown, C. L. Drenzek, E. Dirlikov, D. A. Rose, J. Villanueva, A. M. Fry, A. J. Hall,

H. L. Kirking, J. E. Tate, T. M. Lanzieri, R. J. Stewart; Georgia Camp Investigation Team,
Household transmission of SARS-CoV-2 from children and adolescents. N. Engl. J. Med.
385, 954-956 (2021).

L. M. Yonker, A. M. Neilan, Y. Bartsch, A. B. Patel, J. Regan, P. Arya, E. Gootkind, G. Park,
M. Hardcastle, A. St John, L. Appleman, M. L. Chiu, A. Fialkowski, D. De la Flor, R. Lima,

E. A.Bordt, L. J. Yockey, P. D'Avino, S. Fischinger, J. E. Shui, P. H. Lerou, J. V. Bonventre,
X.G.Yu, E.T. Ryan, . V. Bassett, D. Irimia, A. G. Edlow, G. Alter, J. Z. Li, A. Fasano, Pediatric
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2): Clinical presentation,
infectivity, and immune responses. J. Pediatr. 227, 45-52.e5 (2020).

L. M. Yonker, J. Boucau, J. Regan, M. C. Choudhary, M. D. Burns, N. Young, E. J. Farkas,

J. P. Davis, P. P. Moschovis, T. B. Kinane, A. Fasano, A. M. Neilan, J. Z. Li, A. K. Barczak,
Virologic features of SARS-CoV-2 infection in children. J. Infect. Dis. 224, 1821-1829
(2021).

C.B., H. M., "Children and COVID-19: State Data Report A joint report from the American
Academy of Pediatrics and the Children’s Hospital Association," (American Academy of
Pediatrics and Children’s Hospital Association, 2022); https://downloads.aap.org/AAP/
PDF/AAP%20and%20CHA%20-%20Children%20and%20COVID-19%20State%20
Data%20Report%206.16.22%20FINAL.pdf?_ga=2.132965838.1922641548.1655948409-
1748870740.1652382774.

R.W. Frenck Jr.,, N. P. Klein, N. Kitchin, A. Gurtman, J. Absalon, S. Lockhart, J. L. Perez,

E. B. Walter, S. Senders, R. Bailey, K. A. Swanson, H. Ma, X. Xu, K. Koury, W. V. Kalina,

D. Cooper, T. Jennings, D. M. Brandon, S. J. Thomas, O. Tureci, D. B. Tresnan, S. Mather,
P.R. Dormitzer, U. Sahin, K. U. Jansen, W. C. Gruber; C4591001 Clinical Trial Group, Safety,
immunogenicity, and efficacy of the BNT162b2 Covid-19 vaccine in adolescents. N. Engl.
J. Med. 385, 239-250 (2021).

90of 10

€202 ‘70 Arenuer uo BI0°30US 105 MMM,/:SANY WOJ | PapPE0 JUMOQ


https://covid.cdc.gov/covid-data-tracker/#variant-proportions
https://www.pfizer.com/news/press-release/press-release-detail/pfizer-and-biontech-provide-update-ongoing-studies-covid-19
https://www.pfizer.com/news/press-release/press-release-detail/pfizer-and-biontech-provide-update-ongoing-studies-covid-19
https://downloads.aap.org/AAP/PDF/AAP%20and%20CHA%20-%20Children%20and%20COVID-19%20State%20Data%20Report%206.16.22%20FINAL.pdf?_ga=2.132965838.1922641548.1655948409-1748870740.1652382774
https://downloads.aap.org/AAP/PDF/AAP%20and%20CHA%20-%20Children%20and%20COVID-19%20State%20Data%20Report%206.16.22%20FINAL.pdf?_ga=2.132965838.1922641548.1655948409-1748870740.1652382774
https://downloads.aap.org/AAP/PDF/AAP%20and%20CHA%20-%20Children%20and%20COVID-19%20State%20Data%20Report%206.16.22%20FINAL.pdf?_ga=2.132965838.1922641548.1655948409-1748870740.1652382774
https://downloads.aap.org/AAP/PDF/AAP%20and%20CHA%20-%20Children%20and%20COVID-19%20State%20Data%20Report%206.16.22%20FINAL.pdf?_ga=2.132965838.1922641548.1655948409-1748870740.1652382774

SCIENCE TRANSLATIONAL MEDICINE | RESEARCH ARTICLE

33. K.Ali, G.Berman, H. Zhou, W. Deng, V. Faughnan, M. Coronado-Voges, B. Ding, J. Dooley,
B. Girard, W. Hillebrand, R. Pajon, J. M. Miller, B. Leav, R. McPhee, Evaluation of mRNA-
1273 SARS-CoV-2 vaccine in adolescents. N. Engl. J. Med. 385, 2241-2251 (2021).

34, M.E.Oster, D.K. Shay, J. R. Su, J. Gee, C. B. Creech, K. R. Broder, K. Edwards, J. H. Soslow,

J. M. Dendy, E. Schlaudecker, S. M. Lang, E. D. Barnett, F. L. Ruberg, M. J. Smith,

M. J. Campbell, R. D. Lopes, L. S. Sperling, J. A. Baumblatt, D. L. Thompson, P. L. Marquez,
P. Strid, J. Woo, R. Pugsley, S. Reagan-Steiner, F. DeStefano, T. T. Shimabukuro,
Myocarditis cases reported after mMRNA-based COVID-19 vaccination in the US

from December 2020 to August 2021. JAMA 327, 331-340 (2022).

35. E.B.Walter, K. R. Talaat, C. Sabharwal, A. Gurtman, S. Lockhart, G. C. Paulsen, E. D. Barnett,
F. M. Munoz, Y. Maldonado, B. A. Pahud, J. B. Domachowske, E. A. F. Simoes, U. N. Sarwar,
N. Kitchin, L. Cunliffe, P. Rojo, E. Kuchar, M. Ramet, I. Munjal, J. L. Perez, R. W. Frenck Jr.,

E. Lagkadinou, K. A. Swanson, H. Ma, X. Xu, K. Koury, S. Mather, T. J. Belanger, D. Cooper,
O. Tureci, P. R. Dormitzer, U. Sahin, K. U. Jansen, W. C. Gruber; C4591007 Clinical Trial
Group, Evaluation of the BNT162b2 Covid-19 vaccine in children 5 to 11 years of age.

N. Engl. J. Med. 386, 35-46 (2022).

36. K.Wu, A.P.Werner, M. Koch, A. Choi, E. Narayanan, G. B. E. Stewart-Jones, T. Colpitts,

H. Bennett, S. Boyoglu-Barnum, W. Shi, J. . Moliva, N. J. Sullivan, B. S. Graham, A. Carfi,
K.S. Corbett, R. A. Seder, D. K. Edwards, Serum neutralizing activity elicited by
mRNA-1273 vaccine. N. Engl. J. Med. 384, 1468-1470 (2021).

37. K. McMahan, J. Yu, N. B. Mercado, C. Loos, L. H. Tostanoski, A. Chandrashekar, J. Liu,

L. Peter, C. Atyeo, A. Zhu, E. A. Bondzie, G. Dagotto, M. S. Gebre, C. Jacob-Dolan, Z. Li,
F.Nampanya, S. Patel, L. Pessaint, A. Van Ry, K. Blade, J. Yalley-Ogunro, M. Cabus, R. Brown,
A. Cook, E. Teow, H. Andersen, M. G. Lewis, D. A. Lauffenburger, G. Alter, D. H. Barouch,
Correlates of protection against SARS-CoV-2 in rhesus macaques. Nature 590, 630-634 (2021).

38. J.R.Francica, B. J. Flynn, K. E. Foulds, A. T. Noe, A. P. Werner, I. N. Moore, M. Gagne,

T.S. Johnston, C. Tucker, R. L. Davis, B. Flach, S. O'Connell, S. F. Andrew, E. Lamb,
D.R.Flebbe, S. T. Nurmukhambetova, M. M. Donaldson, J. M. Todd, A. L. Zhu, C. Atyeo,
S.Fischinger, M. J. Gorman, S. Shin, V. V. Edara, K. Floyd, L. Lai, S. Boyoglu-Barnum,

R. Van De Wetering, A. Tylor, E. McCarthy, V. Lecouturier, S. Ruiz, C. Berry, T. Tibbitts,

H. Andersen, A. Cook, A. Dodson, L. Pessaint, A. Van Ry, M. Koutsoukos, C. Gutzeit,
I.T.Teng, T. Zhou, D. Li, B. F. Haynes, P. D. Kwong, A. McDermott, M. G. Lewis, T. M. Fu,
R. Chicz, R. van der Most, K. S. Corbett, M. S. Suthar, G. Alter, M. Roederer, N. J. Sullivan,
D. C. Douek, B. S. Graham, D. Casimiro, R. A. Seder, Protective antibodies elicited by
SARS-CoV-2 spike protein vaccination are boosted in the lung after challenge

in nonhuman primates. Sci. Transl. Med. 13, eabi4547 (2021).

39. G.Alter, T. H. M. Ottenhoff, S. A. Joosten, Antibody glycosylation in inflammation, disease
and vaccination. Semin. Immunol. 39, 102-110 (2018).

40. A.K.Simon, G. A. Hollander, A. McMichael, Evolution of the immune system in humans
from infancy to old age. Proc. Biol. Sci. 282, 20143085 (2015).

41. A.Vatti, D. M. Monsalve, Y. Pacheco, C. Chang, J. M. Anaya, M. E. Gershwin, Original
antigenic sin: A comprehensive review. J. Autoimmun. 83, 12-21 (2017).

42. J.J. Goronzy, C. M. Weyand, T cell development and receptor diversity during aging. Curr.
Opin. Immunol. 17, 468-475 (2005).

43. L.Garderet, N. Dulphy, C. Douay, N. Chalumeau, V. Schaeffer, M. T. Zilber, A. Lim, J. Even,
N. Mooney, C. Gelin, E. Gluckman, D. Charron, A. Toubert, The umbilical cord blood
alphabeta T-cell repertoire: Characteristics of a polyclonal and naive but completely
formed repertoire. Blood 91, 340-346 (1998).

44. P.Elliott, B. Bodinier, O. Eales, H. Wang, D. Haw, J. Elliott, M. Whitaker, J. Jonnerby,
D.Tang, C. E. Walters, C. Atchison, P. J. Diggle, A. J. Page, A. J. Trotter, D. Ashby,

W. Barclay, G. Taylor, H. Ward, A. Darzi, G. S. Cooke, M. Chadeau-Hyam, C. A. Donnelly,
Rapid increase in Omicron infections in England during December 2021: REACT-1 study.
Science 375, 1406-1411 (2022).

45. 1. M. Osmanoyv, E. Spiridonova, P. Bobkova, A. Gamirova, A. Shikhaleva, M. Andreeva,
O.Blyuss, Y. El-Taravi, A. DunnGalvin, P. Comberiati, D. G. Peroni, C. Apfelbacher,
J. Genuneit, L. Mazankova, A. Miroshina, E. Chistyakova, E. Samitova, S. Borzakova,
E. Bondarenko, A. A. Korsunskiy, I. Konova, S. W. Hanson, G. Carson, L. Sigfrid, J. T. Scott,
M. Greenhawt, E. A. Whittaker, E. Garralda, O. Swann, D. Buonsenso, D. E. Nicholls,
F.Simpson, C. Jones, M. G. Semple, J. O. Warner, T. Vos, P. Olliaro, D. Munblit; Sechenov
StopCOVID Research Team, Risk factors for long covid in previously hospitalised children
using the ISARIC global follow-up protocol: A prospective cohort study. Eur. Respir. J. 59,
2101341 (2022).

46. A.B.Payne, Z.Gilani, S. Godfred-Cato, E. D. Belay, L. R. Feldstein, M. M. Patel,
A. G. Randolph, M. Newhams, D. Thomas, R. Magleby, K. Hsu, M. Burns, E. Dufort,
A. Maxted, M. Pietrowski, A. Longenberger, S. Bidol, J. Henderson, L. Sosa, A. Edmundson,
M. Tobin-D'Angelo, L. Edison, S. Heidemann, A. R. Singh, J. S. Giuliano Jr., L. C. Kleinman,
K. M. Tarquinio, R. F. Walsh, J. C. Fitzgerald, K. N. Clouser, S. J. Gertz, R. W. Carroll,
C. L. Carroll, B. E. Hoots, C. Reed, F. S. Dahlgren, M. E. Oster, T. J. Pierce, A. T. Curns,
G.E. Langley, A. P. Campbell; MIS-C Incidence Authorship Group, N. Balachandran,

Bartsch et al., Sci. Transl. Med. 14, eabn9237 (2022) 23 November 2022

T.S. Murray, C. Burkholder, T. Brancard, J. Lifshitz, D. Leach, I. Charpie, C. Tice, S. E. Coffin,
D. Perella, K. Jones, K. L. Marohn, P. H. Yager, N. D. Fernandes, H. R. Flori, M. L. Koncicki,
K. S. Walker, M. C. Di Pentima, S. Li, S. M. Horwitz, S. Gaur, D. C. Coffey, |. Harwayne-
Gidansky, S. R. Hymes, N. J. Thomas, K. G. Ackerman, J. M. Cholette, Incidence

of multisystem inflammatory syndrome in children among US persons infected

with SARS-CoV-2. JAMA Netw. Open 4, €2116420 (2021).

47. E.P.Brown, A.F.Licht, A.S. Dugast, |. Choi, C. Bailey-Kellogg, G. Alter, M. E. Ackerman,
High-throughput, multiplexed IgG subclassing of antigen-specific antibodies
from clinical samples. J. Immunol. Methods 386, 117-123 (2012).

48. S.Fischinger, J. K. Fallon, A. R. Michell, T. Broge, T. J. Suscovich, H. Streeck, G. Alter, A
high-throughput, bead-based, antigen-specific assay to assess the ability of antibodies
to induce complement activation. J. Immunol. Methods 473, 112630 (2019).

49. C.B.Karsten, N. Mehta, S. A. Shin, T. J. Diefenbach, M. D. Slein, W. Karpinski, E. B. Irvine,
T.Broge, T. J. Suscovich, G. Alter, A versatile high-throughput assay to characterize
antibody-mediated neutrophil phagocytosis. J. Immunol. Methods 471, 46-56 (2019).

50. M.E.Ackerman, B. Moldt, R. T. Wyatt, A. S. Dugast, E. McAndrew, S. Tsoukas, S. Jost,
C.T.Berger, G. Sciaranghella, Q. Liu, D. J. Irvine, D. R. Burton, G. Alter, A robust,
high-throughput assay to determine the phagocytic activity of clinical antibody samples.
J. Immunol. Methods 366, 8-19 (2011).

51. L.L.Lu, A.W.Chung, T.R. Rosebrock, M. Ghebremichael, W. H. Yu, P. S. Grace,

M. K. Schoen, F. Tafesse, C. Martin, V. Leung, A. E. Mahan, M. Sips, M. P. Kumar, J. Tedesco,
H. Robinson, E. Tkachenko, M. Draghi, K. J. Freedberg, H. Streeck, T. J. Suscovich,

D. A. Lauffenburger, B. I. Restrepo, C. Day, S. M. Fortune, G. Alter, A functional role

for antibodies in tuberculosis. Cell 167, 433-443.e14 (2016).

52. E.A.Thevenot, A. Roux, Y. Xu, E. Ezan, C. Junot, Analysis of the human adult urinary
metabolome variations with age, body mass index, and gender by implementing
acomprehensive workflow for univariate and OPLS statistical analyses. J. Proteome Res.
14,3322-3335(2015).

53. J.H.Friedman, T. Hastie, R. Tibshirani, Regularization paths for generalized linear models
via coordinate descent. J. Stat. Softw. 33, 1-22 (2010).

54. C.T.Butts, network: A package for managing relational data in R. J. Stat. Softw. 24, 1-36
(2008).

55. Y.C.Bartsch, X. Tong, J. Kang, M. J. Avendano, E. F. Serrano, T. Garcia-Salum, C. Pardo-Roa,
A.Riquelme, Y. Cai, I. Renzi, G. Stewart-Jones, B. Chen, R. A. Medina, G. Alter, Omicron
variant Spike-specific antibody binding and Fc activity are preserved in recipients
of mRNA or inactivated COVID-19 vaccines. Sci. Transl. Med. 14, eabn9243 (2022).

Acknowledgments: We thank N. Zimmerman, M. Schwartz, L. Schwartz, T. Ragon, S. Ragon,
and the SAMANA Kay MGH Research Scholars award for support. Funding: We acknowledge
support from the Ragon Institute of MGH, MIT, and Harvard, the Massachusetts Consortium
on Pathogen Readiness (MassCPR), an anonymous donor (financial support), the NIH
(3R37A1080289-1151 to G.A., ROTAI146785 to G.A., UT19A142790-01 to G.A., U19AI135995-02 to
G.A., U19A142790-01 to G.A., TU01CA260476-01 to G.A., CIVIC75N93019C00052 to G.A.,
5K08HL143183 to L.M.Y., TROTHD100022-01 to A.G.E., and 3R0THD100022-0252 to A.G.E.), the
Gates Foundation Global Health Vaccine Accelerator Platform funding (OPP1146996 and
INV-001650 to G.A.), and the Musk Foundation. Author contributions: Y.C.B. and

JK. performed the serological experiments. KJ.S.D., E.C.L, and A.B.B. performed the neutralization
assay. Y.C.B., P.K, L.M.Y., and G.A. analyzed and interpreted the data. M.D.B., EJ.F., J.P.D., B.P.B.,
AGE,AF,WGS,D.Z,MJ, D.G, and L.M.Y. managed the sample collection. Y.C.B,, LM.Y.,
and G.A. drafted the manuscript. All authors critically reviewed the manuscript. Competing
interests: G.A. is a founder and equity holder of Seromyx Systems, a company developing a
platform technology that describes the antibody immune response. G.A. is an employee and
equity holder of Leyden Labs, a company developing pandemic prevention therapeutics.
G.A!'s interests were reviewed and are managed by MGH and Partners HealthCare in
accordance with their conflict-of-interest policies. Y.C.B. is a consultant for Gorman Consulting.
All other authors declare that they have no competing interests. Data and materials
availability: All data associated with this study are present in the paper or the Supplementary
Materials. This work is licensed under a Creative Commons Attribution 4.0 International (CC BY 4.0)
license, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited. To view a copy of this license, visit
http://creativecommons.org/licenses/by/4.0/. This license does not apply to figures/
photos/artwork or other content included in the article that is credited to a third party;
obtain authorization from the rights holder before using this material.

Submitted 1 January 2022
Accepted 1 July 2022

Published First Release 26 July 2022
Published 23 November 2022
10.1126/scitransmed.abn9237

100f 10

€202 ‘70 Arenuer uo BI0°30US 105 MMM,/:SANY WOJ | PapPE0 JUMOQ


http://creativecommons.org/licenses/by/4.0/

Science Translational Medicine

SARS-CoV-2 mRNA vaccination elicits robust antibody responses in children

Yannic C. BartschKerri J. St. DenisPaulina KaplonekJaewon KangEvan C. LamMadeleine D. BurnsEva J. FarkasJameson
P. DavisBrittany P. BoribongAndrea G. EdlowAlessio FasanoWayne G. ShrefflerDace ZavadskaMarina JohnsonDavid
GoldblattAlejandro B. BalazsLael M YonkerGalit Alter

Sci. Transl. Med., 14 (672), eabn9237. « DOI: 10.1126/scitranslmed.abn9237

A Kid’s COVID Vaccine

As the COVID-19 pandemic has progressed, it has become increasingly apparent that children are not entirely spared
from severe disease; to that end, vaccines were recently approved for children as young as 6 months old. Here,
Bartsch et al. evaluated the antibody response elicited by either an adult (100 pg) or pediatric (50 pg) dose of the
Moderna mRNA-1273 vaccine. The authors found that children responded to both doses in a manner similar to, but
not identical to, adults. Antibodies isolated from vaccinated children exhibited both neutralizing and nonneutralizing
functions, providing data to support real-world evidence for vaccine effectiveness in younger populations.

View the article online

https://lwww.science.org/doi/10.1126/scitransimed.abn9237
Permissions

https://lwww.science.org/help/reprints-and-permissions

Use of this article is subject to the Terms of service

Science Translational Medicine (ISSN ) is published by the American Association for the Advancement of Science. 1200 New York Avenue
NW, Washington, DC 20005. The title Science Translational Medicine is a registered trademark of AAAS.

Copyright © 2022 The Authors, some rights reserved; exclusive licensee American Association for the Advancement of Science. No claim
to original U.S. Government Works. Distributed under a Creative Commons Attribution License 4.0 (CC BY).

€202 ‘70 Arenuer uo BI0°30US 105 MMM,/:SANY WOJ | PapPE0 JUMOQ


https://www.science.org/about/terms-service



