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Abstract

Background This study aimed to estimate vaccine effectiveness (VE) against omicron variant infection and severe corona
virus disease 2019 (COVID-19) in children aged 511 years hospitalized with acute respiratory syndrome.

Methods A test-negative, case—control analysis was conducted from February 2022 to June 2022. We enrolled 6950 eli-
gible children, including 1102 cases and 5848 controls. VE was calculated after immunization with one and two doses of
BNT162b2 or CoronaVac. The outcomes were hospitalization with acute respiratory symptoms and detection of severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection and severe COVID-19. The adjusted odds ratio for the
association of prior vaccination and outcomes was used to estimate VE.

Results For fully vaccinated children, the overall estimated VE against hospitalization with SARS-CoV-2 infection was 42%
[95% confidence interval (CI) 26 to 54]. VE peaked at 29-42 days (67%, 95% CI 40% to 82%) and then declined to 19%
(95% CI,—20% to 45%) at 57120 days after the second dose. The BNT162b2 vaccine had a similar VE against hospitaliza-
tion with SARS-CoV-2 infection (45%, 95% CI, 20 to 61) compared to the CoronaVac vaccine (40%, 95% CI, 17% to 56%).
Among cases, 56 (5%) children died; 53 (94.6%) were not fully vaccinated. For cases, the two-dose schedule effectiveness
against ICU admission, need for invasive ventilation, severe illness, and death were 10% (95% CI, — 54%—-45%), 22% (95%
CI-70%-68%), 12% (95% CI, — 62%—-52%), and 16% (95% CI,—77%-75%), respectively.

Conclusions For hospitalized children aged 511 years during the omicron-predominant period in Brazil, two doses of both
vaccines had moderate effectiveness against hospitalization with acute respiratory symptoms and SARS-CoV-2 infection
and offered limited protection against endpoints of COVID-19 severity.
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demonstrated that BNT162b2, in the omicron-predominant
period, provided moderate protection against SARS-CoV-2
infection and COVID-19-related hospitalization in children
aged 5-11 years [12, 13]. Nevertheless, all published
studies to date were performed in developed countries
with messenger RNA vaccines [8, 9, 14]. Estimating the
effectiveness of a low-cost vaccine against SARS-CoV-2
variants in young children in developing countries can
provide information for implementing public health
interventions targeting children in these regions.

The Brazilian National Health Surveillance Agency
(ANVISA) issued an emergency use authorization for the
BNT162b2 messenger RNA vaccine (Pfizer-BioNTech)
for children from 5 to 11 years of age on December 16,
2021. In addition, children between 6 and 11 years were also
eligible to receive the CoronaVac vaccine. The vaccination
campaign started on January 21, 2022, for this age group.
According to the Brazilian COVID-19 official report, by
July 14,2022, among children aged 5-11 years, about 77.8%
had received at least one dose of the vaccine, and 49.6%
had completed the primary cycle of two doses [15]. In this
case—control test-negative study, we aimed to estimate the
effectiveness of the BNT162b2 and CoronaVac vaccines in
children (5 to 11 years) hospitalized with acute respiratory
syndrome during the period of omicron dominance in Brazil.
The secondary aim of the study was to evaluate vaccine
protection against severe illness in children with laboratory-
confirmed SARS-CoV-2 infection.

Methods
Study design

We used a test-negative case—control design to estimate VE
against COVID-19 in children aged 5-11 years hospitalized
with acute respiratory syndrome enrolled in the Influenza
Epidemiological Surveillance Information System (SIVEP-
Gripe) in Brazil.

Data sources

We performed an analysis of all children 5-11 years of
age registered in the SIVEP-Gripe from February 2022
to June 2022. Data were extracted from the SIVEP-Gripe
database on June 27, 2022. The SIVEP-Gripe database was
established by the Brazilian Ministry of Health (MS) in 2009
to monitor severe acute respiratory syndrome (SARS) cases.
In 2020, the surveillance of COVID-19 was incorporated
into the system network. Case notification is mandatory for
the entire country, including private and public hospitals,
and the system is updated weekly. To enter the SIVEP-Gripe
database, the case must have a flu-like syndrome and at least
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one of the following criteria: dyspnea or respiratory distress
or oxygen saturation less than 95% in room air or cyanosis
or symptoms specific for infants (intercostal retractions,
nasal flaring, dehydration, and inappetence). In 2021, the
vaccination status of registered cases was incorporated into
the SIVEP-Gripe database. In Brazil, the MS is the only
provider of COVID-19 vaccines, and private and public
healthcare providers must notify suspected COVID-19 cases
and hospitalizations; therefore, all Brazilians treated in a
health system and hospitalized with COVID-19 must be
registered in the database. Detailed information regarding
this database, including reporting form and data dictionary,
codes, and all deidentified data, are publicly available
at https://opendatasus.saude.gov.br/dataset. Additional
information regarding SIVEP-Gripe and the data retrieval
steps are provided in Supplementary material 1.

Study population

Cases were defined as those with positive quantitative
real-time quantitative PCR (RT-qPCR) or antigen tests for
SARS-CoV-2 infection. The controls were defined as chil-
dren hospitalized with an acute respiratory syndrome in the
same period and with a negative SARS-CoV-2 test. Detailed
information about the selection of the cases and controls is
shown in Fig. 1.

Exposure of interest

The primary exposure of interest was vaccination status.
Vaccination status was categorized at the time of the
onset of the symptoms as unvaccinated (no vaccine dose
or symptom onset 0—13 days after the first dose), partially
vaccinated (symptom onset 14 days or more after the first
dose or 0—13 days after the second dose), or fully vaccinated
(14 days or more after the second dose).

Covariates and definitions

Clinical and demographic data recorded in SIVEP-Gripe
are described in detail elsewhere [16, 17]. The first case of
COVID-19 attributed to the omicron variant in Brazil was
reported on December 1, 2021. By the week ending December
25, 2021, Omicron was already the predominant circulating
variant in the country (https://outbreak.info/location-reports?
loc=BRA). According to genotype surveillance data in Bra-
zil, during the time frame of our study, the prevalence of the
omicron variant ranged from 95% to 100% from the last week
of February 2022 to June 2022 [18]. Additional information
about data preparation, covariate definitions, and codification
is provided in Supplementary material 3.


https://opendatasus.saude.gov.br/dataset
https://outbreak.info/location-reports?loc=BRA
https://outbreak.info/location-reports?loc=BRA

World Journal of Pediatrics (2023) 19:949-960

951

SIVEP-gripe

(n=193,425)

Individuals hospitalized with SARS

(from Feb 2022 to June 2022)

Exclusion criteria
1. Individuals > 11 y or <5y (n=182,079)

2. without COVID-19 tests (n = 4055)
3. vaccination status unknown (n = 341)

Participants (n = 6950)

[
Cases (n=1102)
Positive PCR test for SARS-CoV-2

(n="1720)
Positive antigen test for SARS-CoV-2
(n=382)

Fig.1 Flow diagram of cohort selection for analysis of the associa-
tion between vaccine effectiveness against SARS-CoV-2 infection in
hospitalized children. A total of 4055 children without COVID-19
tests (2124 waiting for the results; 1233 missing information; 683
did not undergo the tests, and for 15 patients, the test was inconclu-
sive).The following viruses were reported in the database: influenza

Outcomes

We evaluated two outcomes among children hospitalized
with acute respiratory symptoms: detection of SARS-
CoV-2 infection and the incidence of severe COVID-19 in
cases with proven SARS-CoV-2 infection. The following
endpoints were considered for the analysis of VE against
severe outcomes: admission to the intensive care unit (ICU),
need for respiratory support, and in-hospital mortality.
Additionally, we created a composite outcome, combining
the same indicators above into a single index. For this
composite outcome, cases were classified as mild (no need
for oxygen support and no ICU stay), moderate (need for
noninvasive oxygen support and no ICU admission), and
severe (admission to ICU, mechanical ventilation, or death).
Information regarding the definitions of the endpoints is
shown in the Supplementary material 3.

Statistical analysis

For the descriptive statistical analysis, we used medians
and interquartile ranges to summarize continuous variables
and calculated frequencies and proportions for categorical
variables. The Chi-square and the Mann—Whitney U test
were used for the comparisons of proportions and medians.

The analysis of VE was carried out in two steps. First,
the odds of vaccination in children with laboratory-proven
SARS-CoV-2 infection were compared with the odds in

Controls (n = 5848)
Negative tests (n=4753)
Positive for other viruses

(n="795)

(n=285), respiratory syncytial virus (n=243), parainfluenza (n=96),
metapneumovirus (n=85), adenovirus (n=56), and rhinovirus
(n=30) SIVEP Influenza Epidemiological Surveillance Information
System, SARS-CoV-2 severe acute respiratory syndrome coronavirus
2, COVID-19 corona virus disease 2019

children who tested negative for SARS-CoV-2. VE against
COVID-19-associated hospitalization was estimated
using binary logistic regression, comparing odds ratios of
vaccination status in cases compared with controls using the
following equation: vaccine effectiveness =100x (1 —odds
ratio). Vaccination status was included as an independent
variable (fully vaccinated vs. partially vaccinated vs.
unvaccinated). All models were adjusted by age, sex,
ethnic group, geographic macroregion, and presence of
comorbidities [19]. First, we evaluated the overall VE
and then also the VE stratified according to the age group
(5-7 years vs. 8-11 years) and immunization schedule
(BNT162b2 or CoronaVac). Using the same multivariable
regression model, we also assessed the possible loss of
immunity provided by the pediatric vaccination against
SARS-CoV-2 infection at 14-day intervals from the first
dose of vaccine (15-28 days, 29-42 days, and 43-84 days).
Using the one minus the Kaplan—Meier survival function
estimate, we assessed the possible loss of immunity provided
by the vaccination by estimating the cumulative incidence
of cases over time after the first dose of the vaccine [20].
In the second step of the analysis, we assessed the
VE against severe illness in cases with laboratory-
proven COVID-19. For this analysis, life-supporting
interventions, disease severity, and in-hospital mortality
were included as dependent variables in separately
constructed models using the binary regression
logistic method. Vaccination status was included as an

@ Springer



952

World Journal of Pediatrics (2023) 19:949-960

independent variable. For this analysis, we considered
the vaccination status as fully vaccinated versus partially
vaccinated/unvaccinated cases due to the smaller
sample size. All models were also adjusted by age, sex,
ethnic group, geographic macroregion, and presence
of comorbidities. The results are expressed as vaccine
protection (%) using the same formula previously
described = 100 X (1 — adjusted odds ratio) and their 95%
confidence intervals (CIs).

Ethical aspects

We accessed data in SIVEP-Gripe, which are already
deidentified and publicly available. Therefore, following
ethically agreed principles on open data, this analysis did
not require ethical approval in Brazil.

Results
Study population

In the time frame of the study, 193,425 individuals met
the criteria to be included in the SIVEP-Gripe database.
Of them, 11,346 children aged 5-11 years were initially
eligible for analysis. We excluded 4055 children without
available results of the tests for SARS-CoV-2 infection and
341 children without information regarding vaccination
status. Therefore, 6950 were included in the analysis. Of
them, 1102 (16%) had laboratory-confirmed SARS-CoV-2
infection and were categorized as cases, and 5848 (84%)
had negative tests for SARS-CoV-2 infection and were
assigned as controls. All 5848 controls had a negative
test for SARS-CoV-2, but 795 (13.6%) had another virus
detected by RT-PCR or antigen testing. The clinical and
demographic characteristics of the participants, stratified
as cases and controls are shown in Table 1.

Vaccination status

Two vaccine schedules were authorized in Brazil for this
age group: mRNA vaccine (pediatric Pfizer-BioNTech)
and virus-inactivated vaccine (Sinovac; CoronaVac).
Among 2472 vaccinated children, 1353 (54.7%) received
an mRNA vaccine (Pfizer-BioNTech), 1054 (42.6%) were
given a virus-inactivated vaccine (Sinovac; CoronaVac),
and for 65 (2.6%) individuals, the type of vaccine
administered was unknown. Additional information about
vaccination status and schedules used in Brazil is provided
in Supplementary material 2.

@ Springer

Vaccine effectiveness against hospitalization
with SARS-CoV-2 infection

Fig. 2 shows the VE against hospitalization with acute res-
piratory symptoms and SARS-CoV-2 infection in children
according to the subgroups. The overall VE for fully vacci-
nated children was 42% (95% CI 26%-54%), and for those
partially vaccinated, it was 40% (95% CI 30%-50%). Vac-
cine effectiveness against infection peaked at 29-42 days
after the second dose (67%, 95% CI 42%—82%) and declined
to only 19% (95% CI —20%—45%) at 57-84 days. Notably,
the protection vanished about 3 months after the second
dose. The effectiveness for children fully vaccinated aged
8 to 11 years reached 58% (95% CI 40%-71%), whereas
for children aged 5-7 years, the VE was only 29% (95% CI
11%-43%). The comparative analysis of vaccine schedules
showed that for fully vaccinated children, the BNT162b2
vaccine had a similar VE against hospitalization with SARS-
CoV-2 infection (45%, 95% CI 20%—61%) compared to the
CoronaVac vaccine (40%, 95% CI 17%-56%).

Figure 3a shows the cumulative incidence of COVID-
19 cases from 14 days after the first dose of the vaccine.
Notably, between 70 and 84 days after the first dose of the
vaccine, protection against SARS-CoV-2 infection began to
wane for the fully vaccinated children. Figure 3b shows that
the BNT162b2 and CoronaVac vaccines provide a similar
period of immunity (P=0.21). There was also no difference
in the durability of the immunity period when comparing
age groups, sex, ethnicity, and presence of comorbidities
(Supplementary Fig. 1. a—d).

Vaccine effectiveness against severe outcomes

The clinical and demographic characteristics of the cases
stratified by vaccination status are shown in Table 2. Vac-
cine protection against clinical outcomes of disease sever-
ity and death in patients with proven COVID-19 accord-
ing to vaccination status is shown in Fig. 4. All models
are adjusted by age, sex, ethnicity, macroregion of the
country, and presence of comorbidities. There was limited
protection against all endpoints of severe disease for fully
vaccinated cases, but the difference was not statistically
significant. The VE against ICU admission, need for inva-
sive ventilation, severe illness, and death were 10%, (95%
Cl, —54%-45%), 22%, (95% CI, —70%—68%), 12%, (95%
CI, - 62%-52%), and 16% (95% CI,—77%-75%), respec-
tively (Fig. 4).

Among the 56 children with proven SARS-CoV-2 infec-
tion who died, 53 (94.6%) were not fully vaccinated. All
three fully vaccinated children who died had comorbidities
(chromosomal abnormality, unspecified genetic syndrome,
and asthma), and all had received the BNT162b2 vaccine.
According to the competing-risk survival analysis, the
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Ta.bI.e 1 Demogr%lpl}ic and Characteristics Overall (%) Cases (%) Controls (%)
clinical characteristics of case N = 6950 (100%) N=1102 (16%) N = 5848 (84%)
and controls hospitalized with
acute respiratory symptoms Age (y)
from February to June 2022 in Mean (SD) 7.5 (1.9) 7.8 (2.0) 7.4 (1.9) <0.001
Brazil Age group ()
5-7 4487 (64.6) 623 (56.5) 3864 (66.1) <0.001
8-11 2463 (35.4) 479 (43.5) 1984 (33.9)
Sex
Male 3734 (53.7) 607 (55.1) 3127 (53.5) 0.32
Female 3213 (46.3) 494 (44.9) 2719 (46.5)
Region
Southeast 3582 (51.5) 516 (46.8) 3066 (52.4) <0.001
South 1209 (17.4) 207 (18.8) 1002 (17.1)
Central-West 894 (12.9) 150 (13.6) 744 (12.7)
Northeast 1041 (15.0) 154 (14.0) 887 (15.2)
North 224 (3.2) 75 (6.8) 149 (2.5)
Ethinicity®
White 2632 (37.9) 450 (40.8) 2182(37.3) 0.03
Non-White 4318 (62.1) 652 (59.2) 3666 (62.7)
Signs/symptoms at presentation
Fever 4120 (59.3) 737 (66.9) 3383 (57.8) <0.001
Cough 5474 (78.8) 670 (60.8) 4804 (82.1) <0.001
Dyspneia 4110 (59.1) 474 (43.0) 3636 (62.68) <0.001
Diarrhea 496 (7.1) 118 (10.7) 378 (6.5) <0.001
Number of comorbidities
None 5780 (83.2) 785 (71.2) 4995 (85.4) <0.001
1 999 (14.4) 265 (24.0) 734 (12.6)
>2 171 (2.5) 52 (4.7) 119 (2.0)
Oxygen saturation < 95% at admission®
No 1834 (32.9) 415 (49.3) 1419 (30.0) <0.001
Yes 3732 (67.1) 426 (50.7) 3306 (70.0)
ICU care need®
No 5540 (81.4) 806 (74.7) 4734(82.6) <0.001
Yes 1269 (18.6) 273 (25.3) 996 (17.4)
Ventilatory support®
None 2690 (40.4) 530 (48.8) 2160 (38.8) <0.001
Non-invasive 35,364 (53.5) 457 (42.1) 3107 (55.8)
Invasive 404 (6.1) 99 (9.1) 305 (5.5)
Severity index
Mild 2563 (37.0) 441 (40.3) 2122 (36.4) <0.001
Moderate 3926 (56.7) 539 (49.2) 3387 (58.1)
Severe 439 (6.3) 115 (10.5) 324 (5.6)
Outcomes®
Discharge 6081(89.2) 895 (84.1) 5186 (90.1) <0.001
Death 144 (2.1) 56 (5.3) 88 (1.5)
In-hospital® 594 (8.7) 113 (10.6) 481 (8.4)
Vaccination status
Unvaccinated 4478 (64.4) 810 (73.5) 3668 (62.7) <0.001
Partially 1725 (24.8) 205 (18.6) 15,209 (26.0)
Fully 747 (10.7) 87 (7.9) 660 (11.3) <0.001

“Missing data: ethnicity, 1180; oxygen saturation, 1384; ICU admission, 141; ventilatory support, 292;

severity index, 22; outcomes, 131
®Still in-hospital at the end of the study

SD standard deviation, ICU intensive care unit
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Fig.2 Effectiveness of the vaccine against symptomatic COVID- unvaccinated individuals. Period: days after the first dose of vaccine
19 in hospitalized children stratified according to time from the first COVID-19 corona virus disease 2019
dose, age groups, and vaccine schedules. The reference category is
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Fig.3 Cumulative incidence of SARS-CoV-2 infection after the first dose of the vaccine. a Fully vaccinated vs. partially vaccinated vs. unvac-
cinated groups b BNT162b2 vs. CoronaVac groups. SARS-CoV-2 severe acute respiratory syndrome coronavirus 2
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Table 2 Clinical characteristics
and outcomes of hospitalized
cases according to vaccination
status (n=1102)

Characteristics/outcomes

Unvaccinated 810 (%)

Partially 205 (%)

Fully 87 (%) P

Age (y)

Mean (SD) 7.3(1.9)
Age group (y)

5-7 454 (56.0)

8-11 356 (44.0)
Sex

Male 435 (53.8)

Female 374 (46.2)
Region

Southeast 331 (40.9)

South 164 (20.2)

Central-West 124 (15.3)

Northeast 125 (15.4)

North 66 (8.1)
Ethinicity

White 310 (38.3)

Non-White 500 (61.7)
Signs/symptoms at presentation

Fever 540 (66.7)

Cough 465 (57.4)

Dyspneia 331 (40.9)

Diarrhea 91 (11.2)
Number of comorbidities

None 566 (69.9)

1 208 (25.7)

2 36 (4.4)
Oxygen saturation < 95%*

No 316 (51.1)

Yes 303 (48.9)
ICU care need®

No 585 (74.3)

Yes 202 (25.7)
Ventilatory support®

None 394 (49.5)

Non-invasive 327 (41.1)

Invasive 75 (9.4)
Severity index

Mild 326 (40.6)

Moderate 389 (48.4)

Severe 88 (11.0)
Outcomes?®

Discharge 674 (86.7)

Death 43 (5.5)

In-hospital® 60 (7.7)

7.6 (1.9)

122 (59.5)
83 (40.5)

117 (57.1)
88 (42.9)

118 (57.6)
33 (16.1)
20 (9.8)
26 (12.7)
8(3.9)

96 (46.8)
109 (53.2)

142 (69.3)
141 (68.8)
104 (50.7)

24 (11.9)

150 (73.2)
43 (21.0)
12(5.9)

74 (45.7)
88 (54.3)

155 (75.6)
50 (24.4)

97 (47.8)
88 (43.3)
18 (8.9)

81 (39.5)
104 (50.7)
20 (9.8)

158 (78.5)
10 (5.0)
33 (16.4)

8.1(1.8) <0.001

47 (54.0) 0.59
40 (46.0
55 (63.2) 0.20
32 (36.8)
67 (77.0) <0.001
10 (11.5)
6 (6.9)
3(3.4)
1.1
44 (50.6) 0.01
43 (49.4)
55 (63.2) 0.58
64 (73.6) 0.001
39 (44.8) 0.036
3(3.4) 0.07
69 (79.3) 0.21
14 (16.1)
4 (4.6)
24 (38.1) 0.10
39 (61.9)
66 (75.9) 0.90
21 (24.1)
39 (44.8) 0.73
42 (48.3)
6 (6.9)
34 (39.1) 0.86
46 (52.9)
7(8.0)
63 (73.3) <0.001
3(3.5)
20 (23.3)

*Missing data: oxygen saturation, 258; ICU admission, 23; ventilatory support, 16; severity index, 7;

outcomes, 38

bStill in-hospital at the end of the study

SD standard deviation, /CU intensive care unit
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ICU admission
Unvaccinated
Partially vaccinated

Fully vaccinated

Invasive ventilatory support
Unvaccinated

Partially vaccinated

Fully vaccinated

Severe COVID-19

Unvaccinated

Partially vaccinated

Fully vaccinated

Death
Unvaccinated
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Fully vaccinated

T
—-100

100
Vaccine effectiveness (%)

Fig.4 Effectiveness of the vaccine against severe outcomes of COVID-19 in children, including all endpoints. The reference category is unvac-
cinated individuals. /CU intensive care unit, COVID-19 corona virus disease 2019

estimated probabilities of fatal outcomes during the first
20 days for unvaccinated, partially vaccinated, and fully vac-
cinated patients were 4.7% (95% CI 3.2%—6.4%), 4.1% (95%
CI 1.7%-8.0%), and 2.7% (95% CI 1.1%—6.3%), respectively.

Discussion

In this case—control test-negative study, we assessed the
effectiveness of BNT162b2 and CoronaVac vaccines in
hospitalized children 5 to 11 years of age using a nation-
wide, population-based registry database in Brazil. In
this real-world analysis, for fully vaccinated children, we
observed moderate effectiveness of both vaccines against
hospitalization with acute respiratory symptoms and
SARS-CoV-2 infection and limited effectiveness against
severe outcomes of the disease during the omicron-
predominant period. Furthermore, we observed a rapid

@ Springer

progressive waning of the VE around 70 days after the first
dose of the vaccine.

The first trial of the BNT162b2 vaccine in recipients 5 to
11 years of age reported a favorable safety profile and high
effectiveness against COVID-19. For instance, Walter and
colleagues [4] reported a vaccine efficacy against COVID-
19 of 90.7% (95% CI 67.7%-98.3%) at 7 days or more
after the second dose. Similarly, Creech and colleagues
[3] reported that the estimated efficacy of the mRNA-
1273 vaccine was 88.0% (95% CI 70.0%-95.8%) against
COVID-19 occurring 14 days or more after the first dose.
In our analysis, the overall estimated VE of full vaccination
against hospitalization with acute respiratory symptoms
and SARS-CoV-2 infection was substantially lower than
those reported in these clinical trials. Among the diverse
factors that could explain the reduction of the VE, the time
frame of the study is possibly the most important one. Both
trials were conducted before the emergence of the omicron
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variant. In contrast, our study was conducted during a
period in which the omicron variant accounted for about
95% to 100% of infections in Brazil. Several studies of the
effectiveness of the vaccines against COVID-19 have con-
sistently shown a substantial reduction in the VE against
the omicron variant in adults and adolescents [7, 21, 22].
We found nine studies, including children 5 to 11 years of
age that reported VE against various endpoints of COVID-
19 (Table 3) [8—10, 12—14, 22-24]. Interestingly, all studies
of VE in this age group were conducted during the period
of omicron predominance since the vaccines for these age
groups were authorized later in 2021. In addition, all stud-
ies, except one, evaluated the VE of the BNT162b2 vaccine
(Table 3). The results of these studies have shown a VE
against symptomatic infection ranging from 28.9% [9] to
83.4% [24]. Regarding the protection against hospitaliza-
tion, the VE ranged from 41.1% [14] to 87.0% [13]. In
fact, the study by Sacco et al. [14] reported a VE of 41.1%
(95% CI 22.2%-55.4%) against severe outcomes defined
as SARS-CoV-2 infection resulting in hospital admission
or death within 28 days. Taken together, these data from
diverse pediatric populations, mostly from developed
countries, highlighted the moderate effectiveness of the
BNT162b2 vaccine against omicron infection in children
5-11 years of age. In agreement with the study by Sacco
et al. [14], our findings from a developing country showed
an overall adjusted VE against hospitalization with acute
respiratory symptoms and SARS-CoV-2 infection in fully

vaccinated children of about 42%. Interestingly, our results
regarding the duration of the immunity showed that the VE
peaked around 29-42 days after the first dose, reaching
67% and drastically reducing after around 2 months to only
about 3%. In the study by Sacco et al. [14], the VE against
infection peaked at 38.7% (37.7%-39.7%) at 0-14 days and
decreased to 21.2% (19.7%—-22.7%) at 43—84 days after full
vaccination. From Israel, Cohen-Stavi et al.[12] reported
that the estimated VE against documented infection was
51% (95% CI 39%— 61%) at 7 to 21 days after the second
dose.

To our knowledge, our study was the first to compare
the effectiveness of mRNA and virus-inactivated vaccines
for this age group. The effectiveness of the BNT162b2 and
CoronaVac vaccines against hospitalization with SARS-
CoV-2 infection was similar in children 5 to 11 years of
age (45% vs. 41%), with overlapping confidence intervals.
However, the VE of effectiveness of the CoronaVac vaccine
in our study was lower than the figure reported by Gonzalez
and colleagues [24] (Table 3). In our analysis, effectiveness
against hospitalization with SARS-CoV-2 infection was
apparently higher for fully vaccinated children aged 8§ to
11 years than for children aged 5 to 7 years (58% vs. 29%).
We also did not find any study in the literature comparing
the two age groups. The reason why the vaccine's effective-
ness may be lower in 5- to 7-year-olds than in 8 to 11-year-
olds remains to be determined. However, once more, these
findings overlap at the 95% CI levels. Therefore, we cannot

Table 3 Summary of studies that evaluated the efficacy of two doses of the BNT162b2 and BBIBP-CorV (similar to CoronaVac) vaccines for

SARS-CoV-2 in children 5-11 years old

Studies Country ~ Vaccine Participants VE (%) for VE (%) for VE (%) for severe
symptomatic hospitalization outcomes (95%
infection (95% CI) (95% CI) CI)

Fleming-Dutra et al. [8§] USA BNT162b2 74,208 children between 28.9 (24.5 —33.1) NR NR

Sand 11y

Fowlkes et al. [9] USA BNT162b2 1052 children between 5 31.0 (9.0 — 48.0) NR NR

and 11y

Klein et al. [10] USA BNT162b2 9181 children between 5 46.0 (24.0 — 61.0)° 74.0 (- 35.0-95.0) NR

and 11y

Cohen-Stavi et al. [12]  Israel BNT162b2 94,728 children between 48.0 (29.0 — 63.0) NR NR

Sand 11y
Tan et al. [13] Singapore BNT162b2 255,773 children 43.0 (41.0-45.0) 87.0(64.0-96.0) NR

between 5 and 11y

294(28.0-51.5)  41.1(222-5547" 41.1 (22.2 - 55.4)*

68.0 (42.0-82.0)  70.0 (51.0-91.0)

Sacco et al. [14] Italy BNT162b2 1,063,035 children
between 5 and 11y

Price et al. [22] USA BNT162b2 267 children between 5  NR
and 11y

Chemaitelly et al. [23]  Qatar BNT162b2 173,451 children

between S and 11y

Gonzalez et al. [24] Argentina BBIBP-CorV 630,908 children

between 3 and 11y

36.9(-29.9-694) NR NR

83.4(70.9-90.2)  76.4(62.9-845) NR

NR not reported, VE vaccine efficacy, CI confidence interval. a Defined as “SARS-CoV-2 infection resulting in hospital admission or death
within 28 days. ®Data from laboratory-confirmed COVID-19-associated emergency department and urgent care encounters
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rule out that different sample sizes may have influenced
these results. The variability in reported VE is probably
due to several factors in the studies, including the country,
population size of the study, age groups, and the SARS-
CoV-2 variants circulating during the study period. In fact,
the relevant decreases in the effectiveness of vaccines for
omicron infections are consistent with genomic data that
predicted the potential immune evasion of the omicron
variant due to multiple mutations to the spike protein,
including its receptor-binding domain (RBD) and N-ter-
minal domain [25-28]. Moreover, recent evidence shows
that omicron sublineages BA.2.12.1, BA.4, and BA.5 may
evolve mutations to evade the humoral immunity elicited
by BA.1 infection [29].

In the second part of our analysis, we assessed the VE
against severe COVID-19 and COVID-19-related death in
children. Early studies in the preomicron period showed the
high effectiveness of the BNT162b2 vaccine against serious
illness in adolescents. For instance, in a case—control study,
Olson et al. [30] reported an effectiveness of 98% against
ICU admission and the need for life-support interventions.
On the other hand, Price et al. [22] reported that for ado-
lescents from 12 to 18 years of age, the vaccine effective-
ness was 40% (95% CI 9%—60%) against hospitalization for
COVID-19 and 79% (95% CI 51%-91%) against critical
COVID-19 during the omicron-predominant period. Few
studies have assessed vaccine effectiveness against severe
COVID-19 in children. We observed limited protection
with the two-dose schedule, ranging from only about 11%
to 30%, against all endpoints of the severity of the disease.
In addition, our estimates of VE against severe COVID-
19 in 5- to 11-year-old children were significantly lower
than estimates in previous studies. For example, Sacco et al.
[14] reported an adjusted VE against severe COVID-19 of
41.1% (22.2%-55.4%) for the fully vaccinated group of
Italian children. However, we believe that comparing our
findings concerning the VE against severe COVID-19 with
these studies is somewhat misleading, as the endpoints used
as markers of disease severity were quite different across
the studies. For example, Sacco et al. [14] defined severe
COVID-19 as a SARS-CoV-2 infection resulting in hos-
pital admission or death within 28 days. In addition, in
their study, the most severe adverse events were hospital
admissions, with very few patients being admitted to the
ICU or dying. Nonetheless, despite the low precision of
estimates (with wide 95% Cls) derived from the relatively
small size of the sample, with few fully vaccinated children
and a small number of severe events, our findings high-
light the importance of evaluating vaccine performance in
many different subgroups and regions [31-33]. Moreover,
a cost-effective vaccination program for children from poor
regions to prevent COVID-19 and severe illness is an urgent
public health need since the reported clinical outcomes of
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COVID-19 in children from developing countries are quite
diverse from those of developed countries [34]. While stud-
ies from developed regions have reported an overall mortal-
ity rate of 1% or lower in hospitalized children [35], data
from low-income regions showed a death rate of about 7%
in this age group [16, 17, 36].

The strength of our study is the size of the population-
based cohort, which allows a real-world analysis of VE
among children hospitalized during the omicron-predom-
inant period in a middle-income country. However, our
study has several limitations. First, in an effort to pro-
vide results of public health importance as early as pos-
sible, data from SIVEP-gripe were extracted on June 27,
2022. However, at this point, we had to exclude 36% of
the potentially eligible children (4055/11,346) since the
COVID-19 tests were not available. Second, another rel-
evant limitation is that the cohort included only hospital-
ized children, which was not representative of the entire
pediatric population. Therefore, the characteristics of our
sample may underestimate the effectiveness of the vac-
cines. For example, due to the inherent limitations of the
database, we cannot exclude that an underlying debilitat-
ing condition, such as immunosuppression, was responsi-
ble for the severity of the disease but not COVID-19 itself.
Regarding the design of our study, the test-negative design
(TND) has been routinely used to estimate VE against sea-
sonal influenza, but its application in studies of COVID-
19 is relatively new [37]. However, some important meth-
odological points about the design of this study must be
considered. First, the issue of case—control misclassifica-
tion bias is relevant in TND studies. For example, our
analysis cannot rule out this issue, especially given the
reduced sensitivity of routinely used SARS-CoV-2 antigen
assays. However, for most individuals (80%) included in
the study, the test used was RT-PCR. Second, we were
unable to include previous SARS-CoV-2 infection status
as a confounder. Prior infection may provide protective
immunity, especially when associated with vaccination,
and therefore may modify the effectiveness of the vaccine
[38]. Third, a relevant point of this study design is whether
there are differences between vaccinated and unvacci-
nated people that could influence the occurrence of the
disease [37]. To partially overcome this issue, we used
various regression models to adjust for several measured
confounders, including demographic and clinical covari-
ates. Finally, the results could have been influenced by the
care seeking and severity perception among the families
of the hospitalized children. However, due to its charac-
teristics, the TND is a study design that minimizes this
issue since the cases and controls recruited are individuals
who undergo the same exams for the same reasons in the
same health unit and who test positive or negative for a
particular illness [39].



World Journal of Pediatrics (2023) 19:949-960

959

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s12519-023-00699-6.

Acknowledgements We are profoundly grateful and in debt to all
frontline healthcare workers for their impressive efforts to tackle the
COVID-19 pandemic in Brazil. These frontline healthcare workers
systematically provided all data in the SIVEP-Gripe (Influenza Epi-
demiological Surveillance Information System). We want to thank the
participation of the student from Faculty of Medicine (UFMG), Pedro
Alves Soares Vaz de Castro, who helped to compile the articles regard-
ing the vaccine effectiveness in children.

Author contributions EAO: conceptualization, data curation, formal
analysis, funding acquisition, investigation, methodology, project
administration, resources, supervision, validation, visualization,
writing—original draft, writing—review and editing. MCO:
supervision, conceptualization, data curation, investigation,
methodology, project administration, writing—original draft, writing—
review and editing. EAC: formal analysis, investigation, methodology,
validation, visualization, writing—original draft, writing—review and
editing. ACS, RHM: investigation, writing—original draft, writing—
review and editing. CCP: investigation. MAV, LRS, DM, HM:
investigation, writing—review and editing.

Funding This study was supported by the CNPq (National Council for
Scientific and Technological Development) and FAPEMIG (Research
Support Foundation of Minas Gerais).

Data availability The datasets generated during and/or analyzed
during the current study are available from the corresponding author
on reasonable request.

Declarations

Conflict of interest The authors declare that they have no competing
interests. No financial or non-financial benefits have been received or
will be received from any party related directly or indirectly to the sub-
ject of this article. Author RH Mak is a member of the Editorial Board
for Word Journal of Pediatrics. The paper was handled by the other
Editor and has undergone rigorous peer review process. Author RH
Mak was not involved in the journal's review of, or decisions related
to this manuscript.

Ethical approval We accessed data in SIVEP-Gripe. All data on this
database are publicly available and are anonymous. Data collection
and analysis for this investigation were carried out under ethically
agreed principles on open data in Brazil, for which ethics review is
exempted.

References

1. Watson OJ, Barnsley G, Toor J, Hogan AB, Winskill P, Ghani AC.
Global impact of the first year of COVID-19 vaccination: a math-
ematical modelling study. Lancet Infect Dis. 2022;22:1293-302.

2. Zheng YJ, Wang XC, Feng LZ, Xie ZD, Jiang Y, Lu G, et al.
Expert consensus on COVID-19 vaccination in children. World J
Pediatr. 2021;17:449-57.

3. Creech CB, Anderson E, Berthaud V, Yildirim I, Atz AM, Melen-
dez Baez I, et al. Evaluation of mRNA-1273 Covid-19 vaccine in
children 6 to 11 years of age. N Engl J Med. 2022;386:2011-23.

4. Walter EB, Talaat KR, Sabharwal C, Gurtman A, Lockhart S,
Paulsen GC, et al. Evaluation of the BNT162b2 covid-19 vaccine
in children 5 to 11 years of age. N Engl J Med. 2022;386:35-46.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Hause AM, Shay DK, Klein NP, Abara WE, Baggs J, Cortese
MM, et al. Safety of COVID-19 vaccination in US children ages
5-11 years. Pediatrics. 2022;150:¢2022057313.

Bittmann S. Role of omicron variant of SARS-CoV-2 in children
in Germany. World J Pediatr. 2022;18:283—4.

Buchan SA, Nguyen L, Wilson SE, Kitchen SA, Kwong JC.
Vaccine effectiveness of BNT162b2 against delta and omicron
variants in adolescents. Pediatrics. 2022;150:¢2022057634.
Fleming-Dutra KE, Britton A, Shang N, Derado G, Link-Gelles
R, Accorsi EK, et al. Association of prior BNT162b2 COVID-
19 vaccination with symptomatic SARS-CoV-2 infection in
children and adolescents during omicron predominance. JAMA.
2022;327:2210-9.

Fowlkes AL, Yoon SK, Lutrick K, Gwynn L, Burns J, Grant
L, et al. Effectiveness of 2-dose BNT162b2 (Pfizer BioNTech)
mRNA vaccine in preventing SARS-CoV-2 infection among
children aged 5-11 years and adolescents aged 12-15 years -
PROTECT cohort, July 2021-February 2022. MMWR Morb
Mortal Wkly Rep. 2022;71:422-8.

Klein NP, Stockwell MS, Demarco M, Gaglani M, Kharbanda
AB, Irving SA, et al. Effectiveness of COVID-19 Pfizer-
BioNTech BNT162b2 mRNA vaccination in preventing covid-
19-associated emergency department and urgent care encounters
and hospitalizations among nonimmunocompromised children
and adolescents aged 5-17 years - VISION network, 10 states,
April 2021-January 2022. MMWR Morb Mortal Wkly Rep.
2022;71:352-8.

Oliveira EA, Oliveira MCL, Colosimo EA, Simoes AC, Mak
RH, Vasconcelos MA, et al. Vaccine effectiveness against SARS-
CoV-2 variants in adolescents from 15 to 90 days after second
dose: a population-based test-negative case-control study. J Pedi-
atr. 2022. https://doi.org/10.1016/j.jpeds.2022.09.039.
Cohen-Stavi CJ, Magen O, Barda N, Yaron S, Peretz A, Netzer D,
et al. BNT162b2 vaccine effectiveness against omicron in children
5to 11 years of age. N Engl J Med. 2022;387:227-36.

Tan SHX, Cook AR, Heng D, Ong B, Lye DC, Tan KB. Effective-
ness of BNT162b2 vaccine against omicron in children 5 to 11
years of age. N Engl J Med. 2022;387:525-32.

Sacco C, Del Manso M, Mateo-Urdiales A, Rota MC, Petrone
D, Riccardo F, et al. Effectiveness of BNT162b2 vaccine against
SARS-CoV-2 infection and severe COVID-19 in children aged
5-11 years in Italy: a retrospective analysis of January-April,
2022. Lancet. 2022;400:97-103.

Barberia LG, Boing A, Santana L, Cota W, Bastos LS. Gov-
ernment inaction on COVID-19 vaccines contributes to the
persistence of childism in Brazil. Lancet Reg Health Am.
2022;13:100346.

Oliveira EA, Colosimo EA, Simoes AC, Mak RH, Martelli DB,
Silva LR, et al. Clinical characteristics and risk factors for death
among hospitalized children and adolescents with COVID-19 in
Brazil: an analysis of a nationwide database. Lancet Child Adolesc
Health. 2021;5:559-68.

Oliveira EA, Simoes AC, Oliveira MCL, Colosimo EA, Mak RH,
Vasconcelos MA, et al. Comparison of the first and second waves
of the coronavirus disease 2019 pandemic in children and adoles-
cents in a middle-income country: clinical impact associated with
severe acute respiratory syndrome coronavirus 2 gamma lineage.
J Pediatr. 2022;244:178-85.e173.

Gangavarapu K, Latif AA, Mullen JL, Alkuzweny M, Hufbauer
E, Tsueng G, et al. Brazil Variant Report. outbreak.info: Center
for Viral Systems Biology 2022. Available: https://outbreak.info/
situation-reports/omicron?selected=BRA&loc=BRA). Accessed
30 Aug 2022.

Patel MK, Bergeri I, Bresee JS, Cowling BJ, Crowcroft NS,
Fahmy K, et al. Evaluation of post-introduction COVID-19

@ Springer


https://doi.org/10.1007/s12519-023-00699-6
https://doi.org/10.1016/j.jpeds.2022.09.039
https://outbreak.info/situation-reports/omicron?selected=BRA&loc=BRA
https://outbreak.info/situation-reports/omicron?selected=BRA&loc=BRA

960

World Journal of Pediatrics (2023) 19:949-960

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

vaccine effectiveness: Summary of interim guidance of the World
Health Organization. Vaccine. 2021;39:4013-24.

Austin PC, Lee DS, Fine JP. Introduction to the analysis of
survival data in the presence of competing risks. Circulation.
2016;133:601-9.

Andrews N, Stowe J, Kirsebom F, Toffa S, Rickeard T, Gallagher
E, et al. Covid-19 vaccine effectiveness against the omicron
(b11529) variant. N Engl J Med. 2022;386:1532-46.

Price AM, Olson SM, Newhams MM, Halasa NB, Boom
JA, Sahni LC, et al. BNT162b2 protection against the omi-
cron variant in children and adolescents. N Engl J Med.
2022;386:1899-909.

Chemaitelly H, AlMukdad S, Ayoub HH, Altarawneh HN, Coyle
P, Tang P, et al. Covid-19 vaccine protection among children and
adolescents in Qatar. N Engl J Med. 2022. https://doi.org/10.1056/
NEJMo0a2210058.

Gonzalez S, Olszevicki S, Gaiano A, Baino ANV, Regairaz L,
Salazar M, et al. Effectiveness of BBIBP-CorV, BNT162b2 and
mRNA-1273 vaccines against hospitalisations among children and
adolescents during the Omicron outbreak in Argentina: a retro-
spective cohort study. Lancet Reg Health Am. 2022;13:100316.
Viana R, Moyo S, Amoako DG, Tegally H, Scheepers C, Althaus
CL, et al. Rapid epidemic expansion of the SARS-CoV-2 Omicron
variant in southern Africa. Nature. 2022;603:679-86.

Cameroni E, Bowen JE, Rosen LE, Saliba C, Zepeda SK, Culap
K, et al. Broadly neutralizing antibodies overcome SARS-CoV-2
Omicron antigenic shift. Nature. 2022;602:664-70.

Cao Y, Wang J, Jian F, Xiao T, Song W, Yisimayi A, et al. Omi-
cron escapes the majority of existing SARS-CoV-2 neutralizing
antibodies. Nature. 2022;602:657-63.

Dejnirattisai W, Huo J, Zhou D, Zahradnik J, Supasa P, Liu C, et al.
SARS-CoV-2 Omicron-B11529 leads to widespread escape from
neutralizing antibody responses. Cell. 2022;185:467-84.e415.
Cao Y, Yisimayi A, Jian F, Song W, Xiao T, Wang L, et al.
BA2121, BA4 and BAS escape antibodies elicited by Omicron
infection. Nature. 2022;608:593-602.

Olson SM, Newhams MM, Halasa NB, Price AM, Boom JA,
Sahni LC, et al. Effectiveness of BNT162b2 vaccine against criti-
cal covid-19 in adolescents. N Engl J Med. 2022;386:713-23.
Hungerford D, Cunliffe NA. Real world effectiveness of covid-19
vaccines. BMIJ. 2021;374:2034.

@ Springer

32.

33.

34.

35.

36.

37.

38.

39.

Ranzani OT, Hitchings MDT, Dorion M, D’Agostini TL, de Paula
RC, de Paula OFP, et al. Effectiveness of the CoronaVac vac-
cine in older adults during a gamma variant associated epidemic
of covid-19 in Brazil: test negative case-control study. BMJ.
2021;374:n2015.

Ranzani OT, Silva AAB, Peres IT, Antunes BBP, Gonzaga-da-
Silva TW, Soranz DR, et al. Vaccine effectiveness of ChAdOx 1
nCoV-19 against COVID-19 in a socially vulnerable community
in Rio de Janeiro, Brazil: a test-negative design study. Clin Micro-
biol Infect. 2022;28:1-e4.

Oliveira EA, Colosimo EA, Simoes AC. The need to study clinical
outcomes in children and adolescents with covid-19 from middle-
and low-income regions. JAMA Pediatr. 2022;176:727-8.
Swann OV, Holden KA, Turtle L, Pollock L, Fairfield CJ, Drake
TM, et al. Clinical characteristics of children and young people
admitted to hospital with covid-19 in United Kingdom: pro-
spective multicenter observational cohort study. BMJ. 2020;
370:3249.

Nachega JB, Sam-Agudu NA, Machekano RN, Rabie H, van
der Zalm MM, Redfern A, et al. Assessment of clinical out-
comes among children and adolescents hospitalized with
covid-19 in 6 Sub-Saharan African countries. JAMA Pediatr.
2022;176:€216436.

Dean NE, Hogan JW, Schnitzer ME. Covid-19 vaccine
effectiveness and the test-negative design. N Engl J Med.
2021;385:1431-3.

Hall V, Foulkes S, Insalata F, Kirwan P, Saei A, Atti A, et al.
Protection against SARS-CoV-2 after covid-19 vaccination and
previous infection. N Engl J Med. 2022;386:1207-20.
Vandenbroucke JP, Pearce N. Test-negative designs: differences
and commonalities with other case-control studies with “other
patient” controls. Epidemiology. 2019;30:838—44.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.


https://doi.org/10.1056/NEJMoa2210058
https://doi.org/10.1056/NEJMoa2210058

	Effectiveness of BNT162b2 and CoronaVac vaccines against omicron in children aged 5 to 11 years
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study design
	Data sources
	Study population
	Exposure of interest
	Covariates and definitions
	Outcomes
	Statistical analysis
	Ethical aspects

	Results
	Study population
	Vaccination status
	Vaccine effectiveness against hospitalization with SARS-CoV-2 infection
	Vaccine effectiveness against severe outcomes

	Discussion
	Anchor 23
	Acknowledgements 
	References




