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Abstract

Background Sex differences exist not only in the efficacy but also in adverse event rates of many vaccines. Here we
compared the safety of BNT162b2 vaccine administered off-label in female and male children younger than 5 years in
Germany.

Methods This is a retrospective cohort study, in which we performed a post-hoc analysis of a dataset collected
through an authentication-based survey of individuals having registered children aged 0-<5 years for vaccination
against SARS-CoV-2 in six private practices and/or two lay person-initiated vaccination campaigns. We analyzed

the safety profiles of the first 3 doses of 3—10 pg BNT162b2. Primary outcome was comparison in frequencies of 4
common post-vaccination symptom categories such as local, general, musculoskeletal symptoms and fever. Data
were analyzed according to sex in bivariate analyses and regression models adjusting for age, weight, and dosage.
Interaction between sex and BNT162b2 dosage was assessed. An active-comparator analysis was applied to compare
post-vaccination symptoms after BNT162b2 versus non-SARS-CoV-2 vaccines.

Results The dataset for the present analysis consisted of 7801 participants including 3842 females (49%) and 3977
males (51%) with an age of 3 years (median, interquartile: 2 years). Among individuals receiving 3 ug BNT162b2, no
sex differences were noted, but after a first dose of 5-10 ug BNT162b2, local injection-site symptoms were more
prevalent in girls compared to boys. In logistic regression, female sex was associated with higher odds of local
symptoms, odds ratio (OR) of 1.33 (95% confidence interval [Cl]: 1.15-1.55, p<0.05) and general symptoms with
OR 1.21 (95% CI: 1.01-1.44, p < 0.05). Following non-BNT162b2 childhood vaccinations, female sex was associated
with a lower odds of post-vaccination musculoskeletal symptoms (OR: 0.29, 95% Cl: 0.11-0.82, p < 0.05). An active
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comparator analysis between BNT162b2 and non-SARS-CoV-2 vaccinations revealed that female sex positively
influenced the association between BNT162b2 vaccine type and musculoskeletal symptoms.

Conclusions Sex differences exist in post-vaccination symptoms after BNT162b2 administration even in young
children. These are of importance for the conception of approval studies, for post-vaccination monitoring and for
future vaccination strategies (German Clinical Trials Register ID: DRKS00028759).

Registration

The present work was registered at the German Clinical Trials Register ID: DRKS00028759.

Plain English summary

For many childhood vaccines, the immune responses are different between the sexes. For the COVID-19 vaccine
BNT162b2, the symptoms occurring after vaccination in children have not sufficiently been investigated. In this
study, we performed an analysis of a dataset of retrospectively collected information on symptoms occurring after
vaccinations with BNT162b2 and regular childhood vaccines in 7801 children under the age of 5 years in Germany,
with a focus on the sex differences. Among the four categories assessed, local injection-site and general symptoms
were more frequent in girls compared to boys. In contrast, following the administration of other childhood
vaccines, the caregivers more frequently reported muscle-related symptoms in boys than in girls. In conclusion, sex
differences exist in symptoms occurring after vaccinations even in young children, which is important to consider

for future studies evaluating vaccine safety.
Highlights

- Data on mRNA vaccine safety are abundant, but few studies have investigated children aged under 5 years.
« The CoVacU5 study was a retrospective cohort of off-label vaccinations with BNT162b2 SARS-CoV-2 vaccine in
Germany, from which we here present a detailed sex-disaggregated reanalysis of post-vaccination symptoms

in 7801 children.

« Females were more likely than males to experience local injection-site or general symptoms after being

administered BNT162b2.

- Implications of the present data highlight the importance to assess the sex differences in future mRNA vaccine

licensure studies and post-vaccination monitoring.

Keywords BNT162b2, Children, Sex difference, SARS-CoV-2, COVID-19, mRNA vaccine

Introduction

Biological sex introduces a variability in immune
responses, and this is therefore pertinent to sex-specific
reactions of adaptive immune system following vacci-
nation [1, 2]. As a consequence, the humoral immune
responses of vaccines in humans and in experimental
models are more pronounced in females than males as
reported for the vaccines against influenza [3, 4], hepati-
tis A or dengue virus [2]. The potential underlying mech-
anisms have been attributed to the immunosuppressive
effect of male sex hormones [5, 6]. In contrast, several
observations favor that some vaccines have increased
efficacy against infection in men [2, 7-9].

Along with the reported sex differences in vaccina-
tion efficacy, a plethora of data has revealed sex differ-
ences in the rates of adverse events post vaccination [10].
For instance, anaphylaxis is reported to be 4 times more
frequent in females than in males [8, 11]. In the case of
SARS-CoV-2 vaccines it is opposite, individual unde-
sired sequelae such as myocarditis are more frequently
observed in males [12]. However, symptomatic presen-
tation post SARS-CoV-2 vaccination is dominated by
reports of females [13—15]. In support, vaccine monitor-
ing data and pooled analyses of cross-sectional studies

revealed a higher probability of adverse effects in women
after receiving the Pfizer-BioNTech vaccine (Comir-
naty®) [16, 17]. However, further studies are warranted
to understand the outcome post SARS-CoV2 vaccina-
tion and more studies that disaggregate data by sex are
needed [13].

A population that was the last to become eligible for
SARS-CoV-2 vaccines were young children. We have
previously reported on the overall safety and effective-
ness of BNT162b2 in the retrospective CoVacU5 cohort
of children vaccinated off-label in Germany [18, 19]. Such
inclusion and assessment represented a unique opportu-
nity to detect otherwise inaccessible dose-response rela-
tionships in post-vaccination symptoms.

Even if female sex in adulthood is associated with more
frequent adverse events after SARS-CoV-2 vaccination
[20], nothing is known in young children. We hypothe-
sized that female sex would be associated with a greater
odds of experiencing adverse symptoms after BNT162b2
vaccination in young children, and that sex-specific
effects may be dependent on dose.

To test this hypothesis, we aimed to compare 4 com-
mon post-vaccination symptom categories such as local,
general, musculoskeletal symptoms and fever after
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BNT162b2 vaccination in children of both sexes younger
than 5 years of age, and we aimed to determine if the
safety profile was dependent on the dose of BNT162b
administered.

Methods

Study design

The present study was a post-hoc analysis of the CoVacU5
study. The CoVacU5 study was a retrospective cohort
study that assessed symptoms occurring after vaccination
with BNT162b2 in children aged less than 5 years old.

Participants

Participants of the CoVacU5 study were recruited
through e-mail addresses of the vaccination registration
databases of 21 healthcare institutions and two German
vaccination promotion programs “Bildung Aber Sicher”
and “Ul2Schutz” Inclusion criteria for respondents
of the CoVacU5 study survey were having registered a
child younger than 5 years old for off-label vaccination
with BNT162b2 mRNA vaccine and informed consent
of parent or guardian. Exclusion criteria were duplicate
entries that had overlaps in all of the four variables age,
sex, weight and height, unless the duplicate entry was
explained as twins or triplets. Respondents without a
correct invitation code were excluded. SARS-CoV-2 vac-
cinations that were administered before May 2021 or
administered using vaccines other than BNT162b2 were
also excluded.

Study procedure

The original survey was available on a web-based RED-
Cap platform [21] from April 15th to May 9th 2022. The
survey procedure was pseudonymized and restricted to
invited participants providing an authentication code,
as previously described [18]. In brief, all eligible poten-
tial participants were recruited via the e-mail addresses
by which they had previously registered a child aged less
than 5 years old for a vaccination with BNT162b2. The
invitation e-mails were sent out twice to the eligible indi-
viduals, containing an individual access code to allow
pseudonymized but authentication-based survey partici-
pation only.

The vaccinations with BNT162b2 mRNA vaccine had
previously been administered off-label following Ger-
man law and outside of any study protocol. In addition,
the physicians responsible for each vaccinating site were
mandated by German law to report each unexpected
or severe side effect to the authorities as part of routine
medical care.

The study was conducted according to the principles
of the Declaration of Helsinki and is reported following
the Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) guideline for observational
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studies. The study protocol was assessed and approved by
the Ethics Committee of University of Rostock, Germany
(ID: A 2022-0065). The study was registered in the Ger-
man Clinical Trials Register (ID: DRKS00028759).

Variables

The survey included close-ended questions gathered
demographic information, basic medical data, and tim-
ing and dosage of vaccinations with BNT162b2, and all
non-SARS-CoV-2 vaccinations in the three months pre-
ceding the first BNT162b2 administration. Next, ques-
tions covered post-vaccination symptoms occurring after
BNT162b2 or non-SARS SARS-CoV-2 vaccinations in 9
symptom categories with close-ended and open-ended
follow-up questions to narrow down the characteristics
of each individual symptom as described in the initial
CoVacUS5 study [18].

Outcomes

The primary outcome of this post-hoc analysis was the
sex-specific frequency of symptoms within the four cat-
egories of local reaction (injection site), general symp-
toms (e.g. fatigue, feeling of weakness, general feeling
of illness), musculoskeletal symptoms and fever that
occurred after first, second and/or third vaccinations
with BNT162b2, further stratified by age group and dos-
age. As secondary analyses, we tested whether an interac-
tion between sex and BNT162b2 dosage was present in
association with the primary outcome. Next, we investi-
gated symptoms occurring after non-SARS-CoV-2 vac-
cinations, and we analyzed symptoms post-BNT162b2
administration in comparison with those occurring after
non-SARS-CoV-2 vaccine administration in the period
between January 15th, 2022 and May 9th, 2022.

Statistical analysis

No power analysis was performed for this study. Analy-
ses were conducted using STATA version 15 and MAT-
LAB R2020a. Categorical variables were compared using
Fisher’s exact or Chi-Square test. Continuous variables
were assessed using Wilcoxon rank sum test. Logistic
regression models were used with the four symptoms
categories as dependent variables, sex and BNT162b2
vaccine dosage as predictors of interest, and age, height
and weight as a priori confounders. Next, sex and dos-
age were introduced as an interaction term in the models
above, and the models with versus without the interac-
tion term were compared using Likelihood Ratio tests.
For analyses of non-BNT162b2 vaccines, dosage variable
was not included in the models. For the active-compar-
ator analysis comparing post-BNT162b2 symptoms with
those occurring after non-BNT162b2 vaccines, we used
logistic regression models as above but included vaccine
type “BNT162b2” vs. “non-BNT162b2” as a predictor
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variable. For both bivariate and regression analyses, all p
values and 95% confidence intervals underwent adjust-
ment for multiple testing of 4 symptom categories by the
Bonferroni method. Statistical significance was assumed
at an adjusted p<0.05.

Results

Study population

The present analysis included 7801 participants compris-
ing 3842 girls (49%) and 3977 boys (51%) aged 3 years
(median, interquartile: 2 years) at the time when receiv-
ing their first vaccination with BNT162b2. Demograph-
ics, health-related information of participants and the
dosage of administered BNT162b2 mRNA vaccines are
displayed as sex-disaggregated data in Table 1. The age,
height, weight, the chosen BNT162b2 doses, and the
fraction of children with comorbidities or long-term
medication were similar between the sexes.

Sex-stratified occurrence of post-vaccination symptoms
reported after BNT162b2 administration
We assessed the most frequently reported symptom
categories of the original CoVacU5 study [18] with sex
stratification. The sex-stratified occurrence of local injec-
tion site, general, musculoskeletal symptoms and fever
after the first administration of BNT162b2 mRNA vac-
cine are shown in Fig. 1. Similarly, symptom categories
reported to occur after second or third administration
of BNT162b2 mRNA vaccine are shown in Fig. 1 and
Supplemental Table 1, respectively. The frequency of
local injection-site reactions was higher in girls than in
boys, and higher at the dose of 10 ug BNT162b2. How-
ever, there was no significant difference in frequencies
between sexes or doses for general, musculoskeletal
symptoms and fever after BNT162b2 administration. The
underlying numerical data are shown in Supplemental
Table 1. Overall, descriptive analysis suggested specific
sex differences in post-BNT162b2 symptoms.

In logistic regression models adjusted for age, weight
and height, female sex was associated with occurrence

Table 1 Sample characteristics, n/N(%)
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of local symptoms after BNT162b2 administration (OR:
1.33 [95% CI. 1.15;1.55]). (Table 2) Similarly, female
sex was associated with occurrence of general symp-
toms after BNT162b2 administration (OR: 1.21 [95%
CI: 1.01;1.44]). There were no associations between sex
and fever or musculoskeletal symptoms (Table 2). The
sex-stratified analyses captured associations between
BNT162b2 mRNA vaccine dosage and symptoms
observed in all symptoms categories (Fig. 1; Table 2).
However, we found no significant interactions between
sex and dosage for symptoms occurring post BNT162b2
vaccination (Table 2).

Sex-specific symptoms occurring after non-BNT162b2
vaccine administration

As a next step, we tested whether a sex effect was pres-
ent in symptoms occurring after any on-label administra-
tion of non-BNT162b2 vaccinations against viruses and
bacteria that were performed in the three months prior
to a BNT162b2 vaccination, as shown in Supplemen-
tary Table 2. In logistic regression models, we found that
fever, general or local symptoms were sex-independent
(Table 3). However, female sex was negatively associated
with musculoskeletal symptoms after non-BNT162b2
vaccine administration (OR: 0.29 [95% CI: 0.11;0.82]).
These data indicate that after on-label childhood vac-
cines, most symptoms categories except musculoskeletal
symptoms were not associated with biological sex.

Active comparator analysis of symptoms occurring

after BNT162b2 mRNA vaccine versus other vaccine
administration in the same population

Further, we aimed to compare the symptoms occurring in
a cohort of 4570 children who had received at least one
BNT162b2 mRNA vaccine within the last 3 months with
those occurring in 1473 individuals of the same popu-
lation after receiving the non-BNT162b2 vaccinations
listed in Supplementary Table 2. Using logistic regression
analysis of all vaccinations combined and adjusting for
age, weight and height, we found that BNT162b2 mRNA

All Female Male p-val?
n=7801 (100) n=3824(49) n=3977 (51)
Age, median (IQR), y 3(2-4) 3(2-4) 3(2-4) >0.999°
Height, median (IQR), cm 98 (88-105) 97 (86-104) 98 (90-105) <0.001°
Weight, median (IQR), kg 14.5(12-17) 14 (12-16) 15(12-17) <0.001°
BNT162b2, ug
3 2995/14,639(20.5) 1506/7162(21.0) 1489/7475(19.9) 0.774¢
5 6073/14,639(41.5) 2960/7162(41.3) 3111/7475(41.6) >0.999°
10 5571/14,639(38.1) 2696/7162(37.6) 2875/7475(38.5) >0.999°
Comorbidities (yes) 684/7802 (8.8) 298/3824 (7.8) 385/3977 (9.7) 0.026¢
Long-term medication (yes) 380/7780 (4.9) 170/3811 (4.5) 209/3968 (5.3) 0.789¢

2Adjusted for multiple testing by Bonferroni correction. "Wilcoxon rank-sum test. “Pearson’s chi-squared test
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Second dose
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Fig. 1 Sex-stratified occurrence of local, general, musculoskeletal symptoms and fever after the first and second administration of BNT162b2 mRNA

vaccine

Table 2 Multivariable logistic regression of post-BNT162b2 symptoms, OR (95% Cl)

Local symptoms General symptoms Fever Musculoskeletal symptoms
Model Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2
N 3149 3142 3162 3133
Female 1.33(1.15-1.55) 115 21(1.01-144) 1.06 097(0.73-129) 138 1.23(0.86-1.77) 070
(0.78-1.72) (0.66-1 (0.65-2.94) (0.16-3.19)
5ug 1.16(092-147) 115 1.39(1.06-1.83) 1.38 1.56 (1.02-239) 195 231(1.03-521) 191
(0.83-1.60) (0.94-2.04) (1.02-3.73) (0.65-5.61)
10 ug 141 (1.09-1.82) 1.19 1.37(1.00-1.88) 1.14 1.18(0.71-196) 145 343(148-795) 235
(0.84-1.69) (0.74-1.75) (0.71-2.98) (0.78-7.03)
Female X 5 pg 1.01 1.01 0.66 148
(0.65-1.59) (0.59-1.71) (0.28-1.54) (0.30-7.40)
Female X 10 pg 140 143 0.68 2.11
(0.89-2.22) (0.82-2.48) (0.27-1.69) (043-10.29)
LR-Test (p-value) 4.53(0.1038) 3.49(0.1745) 0.97 (0.6169) 145 (0.484)

All models were adjusted for age, weight, height. Models 1 included no interaction terms. Models 2 included the interaction between sex and dose. Likelihood ratio
tests (LR-Tests) determined if inclusion of the interaction term significantly changed the model

vaccine was associated with higher odds of symptoms of
the local injection-site and the musculoskeletal category,
but at lower odds of general symptoms or fever (Table 4).
In this analysis, female sex was associated with increased
odds of post-vaccination local symptoms (OR: 1.35 [95%
CI: 1.17-1.56], p<0.05) but not with any of the other
three symptoms categories (Table 4). Secondary analy-
ses revealed an interaction between vaccine type and
sex for the musculoskeletal category only (interaction

BNT162b2 mRNA vaccine and female sex: OR 4.01 [95%
CI: 1.01;16.02], Likelihood ratio test p=0.021), (current
Table 5; final Table 4). Overall, these results indicate
that few post-vaccination symptoms showed an associa-
tion with sex in the combined dataset of BNT162b2 and
non-BNT162b2 vaccination, with the exception that after
non-BN'T162b2 vaccinations the probability of musculo-
skeletal symptoms was negatively affected by female sex.
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Table 3 Multivariable logistic regression of post-Non-BNT162b2
symptoms, OR (95% Cl)

Local General Fever Musculo-
symptoms symptoms skeletal
symptoms
Observations 1473 1473 1473 1473
n/N(%) 380(25.5)  388(26) 256 (17.2) 21 (1.4)
Female 1.16 1.00 0.85 0.29
(091-148) (0.78-1.28) (0.64-1.14) (0.11-0.82)

All models were adjusted for age, weight, height

Discussion

Principal findings

In the present study, we investigated the sex differences
in post-vaccination symptoms in young children using a
large retrospective cohort including COVID-19 and non-
COVID-19 vaccinations in Germany. Our study sup-
ports the notion that biological sex plays an important
role in the presentation of post-vaccination symptoms.
The study findings demonstrate that post-vaccination
symptoms predominantly occur in female children even
at very young age far before puberty. Our main find-
ings were that (i) female sex was significantly associated
with occurrence of local symptoms and general symp-
toms after BNT162b2 administration. (ii) Female sex was
associated with increased odds of post-vaccination local
symptoms among all vaccinations, regardless of type. (iii)
Female sex was associated with lower odds of musculo-
skeletal symptoms occurring after non- BNT162b2 child-
hood vaccine administration.

The increased probability of local injection-site symp-
toms in female compared to male sex after any type of
vaccination in this pediatric population is in accordance
with previous reports on various vaccines [22, 23]. The
current BNT162b2 assessment in young children is
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important as previous reports on safety of BNT162b2
administration in this age group either did not stratify for
sex [18, 24, 25] or found no sex differences [26].

Study interpretation

The mechanism underlying the increased odds of
local and general symptoms in young girls receiving
BNT162b2 is not clear. For vaccination in general, such
a sex difference is suspected to be multifactorial and
related to pain sensitivity, hypersensitivity reactions or
most likely hormonal factors [22]. The observed sex dif-
ference for BNT162b2 may also be in part attributable to
the innate immune system, as females are known to have
stronger innate immune responses than males, some-
times with non-specific adverse vaccine effects [27-29].
For instance, in experimental data BNT162b2 stimulates
interferon-a/ MDADS signaling, although sex differences in
this process are not known and should be further investi-
gated [30]. By contrast, SARS-CoV-2 spike protein stimu-
lates Toll-like receptor (TLR) 2 and TLR 4 signaling [31,
32], and TLR signaling has several sex dimorphisms that
might have contributed to the observed findings [2, 27,
33]. In young children, a mini-puberty — a temporary
activation of the hypothalamo-pituitary-gonadal axis in
the first months to years of life, coincides with the sex-
ual dismorphisms of immune cell counts [34]. However,
the sex differences observed in the present findings are
less likely caused by inherent differences in the adaptive
immune responses, as SARS-CoV-2 neutralizing anti-
body titers induced by 3 pg of BNT162b2 were compa-
rable between the sexes in this age group according to
BNT162b2 manufacturer data [26]. The reason why no
sex difference was found in that study may relate to the
fact that the manufacturer study used a lower dose.

Table 4 Comparison of symptoms occurring after BNT162b2 and after non-BNT162b2 vaccinations

Local symptoms General symptoms Fever Musculoskeletal
symptoms
Observations 5918 5904 5962 5894
Frequency distributions
BNT162b2 n/N(%) 1808/4520 (40.0) 874/4506 (19.4) 305/4570 (6.7) 193/4496 (4.3)
non-BNT162b2: n/N(%) 380/1490 (25.5) 388/1490 (26.0) 256/1490 (17.2) 21/1490 (1.4)
Multivariable logistic regression
BNT162b2 vs. non-BNT162b2 1.68(1.41-2.01) 158 0.77 0.73 042 040 255 1.49
(123-2.03)  (0.64-0.93) (057-0.95)  (0.33-0.54) (0.29-0.56)  (1.39-4.67) (0.72-
3.05)
Female sex 135(1.17-156) 1.22 1.12 1.04 0.96 0.90 1.19 034
(0.90-1.67) (0.94-1.32) (0.76-142)  (0.76-1.22) (0.62-1.29)  (0.82-1.71) (0.09-
1.27)
Female sex X BNT162b2 1.13 1.10 1.13 401
(0.79-1.60) (0.77-1.59) (0.70-1.81) (1.01-
16.02)
LR-Test (p-value) 0.79 (>0.999) 048 (>0.999) 041 (>0.999) 7.80(0.021)

All models were adjusted for age, weight, height. Models 1 included no interaction terms. Models 2 included the interaction between sex and dose. Likelihood ratio
tests (LR-Tests) determined if inclusion of the interaction term significantly changed the model
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Strengths and limitations

The strengths of this study include the big sample size
of the CoVacU5 dataset and the focus on a very young
age group. Sex-stratified analyses in this group are often
neglected despite the potential insight to differentiate
hormone-dependent from actual sex-specific effects.

The present study also has limitations that need to
be acknowledged. These include that no causal effects
are investigated between vaccination and symptoms
due to the observational design of the study, and that
the symptom reports by legal guardians are of subjec-
tive nature and underlie both recall bias and potentially
depend on the gender of the reporting person which was
not reported. Finally, inflammatory post-vaccination
symptoms including but not limited to myocarditis that
are more frequent in male than female adolescents [35]
were not assessed in this study due to the low number
of events, and they are of importance and warrant addi-
tional investigation in young children.

Perspectives and significance

Increased odds of local and general symptoms in young
girls compared to boys are apparent in young children
after administration of COVID-19 vaccine. This observa-
tion has implications for present and future conceptions
of approval studies as well as post-vaccination monitor-
ing and the design of future mRNA applications. The
choice of the pro-inflammatory mRNA vaccine delivery
vehicle (i.e., types of lipids used for encapsulation) may
thus be reevaluated in the future due to sex differences
in post-vaccination symptoms affecting even very young
children far before puberty. In addition, sex-specific vac-
cine dosing strategies may be evaluated to find the opti-
mal potential trade-off between vaccine effectiveness and
safety in each sex.

In conclusion, sex differences in post-vaccination
symptoms after BNT162b2 administration are detectable
even in young children. The mechanisms of increased
local injection-site and general symptoms reported on
the present dataset deserve further investigation in order
to better guide future evaluation strategies of emerging
vaccines.
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