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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

Eduardo A. Oliveira, MD, PhD1, Maria Christina L. Oliveira, MD, PhD1, Enrico A. Colosimo, PhD2,
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Daniella B. Martelli, PhD5, Clara C. Pinhati, MD1, and Herc�ılio Martelli-J�unior, PhD5

Objective The objective of this study was to estimate the vaccine effectiveness (VE) against hospitalization and
severe illness in adolescents due to infection with SARS-CoV-2 variants (gamma, delta, and omicron).
Study design A test-negative, case-control analysis was conducted in Brazil from July 2021 to March 2022. We
enrolled 8458 eligible individuals (12-19 years of age) hospitalized with an acute respiratory syndrome, including
3075 cases with laboratory-proven COVID-19 and 4753 controls with negative tests for COVID-19. The primary expo-
sure of interest was vaccination status. The primary outcome was SARS-CoV-2 infection during gamma/delta vs
omicron-predominant periods. TheaOR for the associationof prior vaccination andoutcomeswasused to estimateVE.
Results In the pre-omicron period, VE against COVID-19 hospitalization was 88% (95% CI, 83%-92%) and has
dropped to 59% (95% CI, 49%-66%) during the omicron period. For hospitalized cases of COVID-19, considering
the entire period of the analysis, 2-dose schedule was moderately effective against intensive care unit admission
(46%, [95% CI, 27-60]), need of mechanical ventilation (49%, [95% CI, 32-70]), severe COVID-19 (42%, [95%
CI, 17-60]), and death (46%, [95% CI, 8-67]). There was a substantial reduction of about 40% in the VE against
all end points, except for death, during the omicron-predominant period. Among cases, 240 (6.6%) adolescents
died; of fatal cases, 224 (93.3%) were not fully vaccinated.
Conclusion Among adolescents, the VE against all end points was substantially reduced during the omicron-
predominant period. Our findings suggest that the 2-dose regimen may be insufficient for SARS-CoV-2 variants and
support the need for updated vaccines to provide better protection against severe COVID-19. (J Pediatr 2022;-:1-8).
T
he efficacy of the BNT162b2 vaccine against COVID-19 has exceeded 90% in clinical trials including adolescents.1,2 As the
pandemic evolved, variants of SARS-CoV-2 emerged and spread across the world. A key question is whether authorized vac-
cines are effective against these emerging variants. In the adult population,modest reductions in vaccine efficacy against infec-

tion with the delta variant were observed.3,4 However, Andrews et al5 reported that 2 doses of the vaccines provided limited
protection against symptomatic disease caused by the omicron variant. Similarly, case-control studies on US adolescents also
reported a substantial reduction in vaccine efficacy in the omicron-predominant period.6-8 Vaccine performance is highly
context-dependent and influenced by the population at risk.9,10 Therefore, evaluation of its effectiveness is needed inmany different
subgroups and regions.11,12 However, data on vaccine effectiveness (VE) against variants of concern in adolescents in developing
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(SIVEP-Gripe) in Brazil. Adolescents with a reverse tran-
scription real-time polymerase chain reaction (RT-PCR) or
antigen test for SARS-CoV-2 were eligible for analysis. Indi-
viduals who tested positive for SARS-CoV-2 were defined as
cases and those who tested negative for SARS-CoV-2 were as-
signed as controls. The odds of vaccination in adolescents
with PCR or antigen-positive cases of SARS-CoV-2 infection
were compared with the odds in adolescents who tested nega-
tive for SARS-CoV-2.

Detailed information about the selection of cases and con-
trols is shown in Figure 1 (available at www.jpeds.com).
Among controls, in addition to a negative test for SARS-
CoV-2, 768 (6%) also tested positive for other viruses. We
excluded 3632 individuals without COVID-19 tests
available for the analysis (2008 waiting for the results, 983
missing information, 83 did not have any tests for COVID-
19, and tests were inconclusive for 158 patients).

Data Source
We performed an analysis of all hospitalized patients younger
than 20 years of age registered in the SIVEP-Gripe from July
2021 to March 2022. To enter the SIVEP-Gripe database, the
case must have flu-like syndrome and at least one of the
following criteria: dyspnea or respiratory distress or oxygen
saturation less than 95% in room air or cyanosis or symp-
toms specific for infants (intercostal retractions, nasal flaring,
dehydration, and inappetence). Detailed information
regarding this database, including reporting form and data
dictionary, codes, and all de-identified data, are publicly
available at https://opendatasus.saude.gov.br/dataset. Addi-
tional information regarding SIVEP-Gripe and the steps of
the data retrieval are provided as Supplementary Methods
(available at www.jpeds.com).

Exposure of Interest
The primary exposure of interest was vaccination status,
which was categorized at the time of the onset of symptoms
as unvaccinated (no vaccine dose or symptoms onset 0-
13 days after the first dose), partially vaccinated (symptoms
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.13,14 The database provides infor-
mation on preexistingmedical conditions. This information on
comorbidities is provided in closed binary fields (presence/
absence) and was collected at hospital admission and based
on parents’ or adolescents’ self-report. Additional information
about comorbidities and other covariates definitions, data
preparation, and codification is provided as Supplementary
Methods. We divided the cohort into 2 groups according to
the period of admission: gamma/delta-predominant period
and omicron-predominant period. According to genotype
surveillance data in Brazil, the prevalence of the gamma
variant was 75%-95% from July to the middle of September
2

2021; the prevalence of the delta variant was greater than 85%
from September 15, 2021, to December 24, 2021, and
omicron prevalence ranged from 85% to 100% from the last
week of December, 2021, to March 2022.15

Outcomes
The primary outcome was SARS-CoV-2 infection, confirmed
by RT-PCR or antigen testing. In addition, we evaluated VE
against severe illness among cases with documented SARS-
CoV-2 infection. The following end points were considered
as indicators of severe illness: intensive care unit (ICU)
admission, need for ventilatory support, and in-hospital
mortality.16 In the SIVEP-gripe database, the variable “venti-
latory support” is stratified into 3 categories (none, noninva-
sive, and invasive). Therefore, we analyzed the outcome
“ventilatory support” in 2 ways: (1) the need for any ventila-
tory support (including noninvasive oxygen support and
invasive mechanical ventilation) and (2) the need for invasive
mechanical ventilation. In addition, we created a composite
outcome, combining the same indicators 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/or ICU admission),
and severe (mechanical ventilation or death). Additional in-
formation on the definitions of the end points is provided in
Supplementary Methods.

Statistical Analyses
For the descriptive statistical analysis, we used median and
interquartile to summarize continuous variables and calcu-
lated frequencies and proportions for categorical variables.
For the comparisons of proportions and medians, the c2

and the Mann-Whitney U test were used, respectively.
The analysis was carried out in 2 steps. First, VE against

COVID-19–associated hospitalization was estimated with
the use of binary logistic regression, comparing odds ratios
of vaccination status in cases as compared with controls
with the following equation: VE = 100 � (1�OR). Vaccina-
tion status was included as an independent variable (fully
vaccinated vs partially vaccinated vs unvaccinated). All
models were adjusted by age, sex, ethnic group, geographic
macroregions, and presence of comorbidities.17 The analyses
were carried out initially for the entire period of the study and
then also stratified according to the SARS-CoV-2 lineage pre-
dominance (gamma/delta vs omicron), age group, and type
of vaccine (BNT162b2, ChAdOx1 nCoV-19, CoronaVac).
Using the same multivariable regression model, we also as-
sessed the possible waning of the VE effectiveness over time
at 30-day intervals from the second dose of the vaccine in
fully vaccinated adolescents.
In the second step of the analysis, we assessed the VE

against severe illness in cases with laboratory-proven SARS-
CoV-2 infection. For this second step, life-supporting inter-
ventions, disease severity, and in-hospital mortality were
considered as dependent variables in separately constructed
models. We used regression logistic for binary outcomes
(ICU admission, need for invasive mechanical ventilation,
Oliveira et al
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Table I. Demographic and clinical characteristics of
case and controls hospitalized in Brazil from July 2021
to March 2022

Characteristics
Overall (%) Cases Controls

P *8458 (100) 3705 (100) 4753 (100)

Age (y)
Mean (SD) 16.2 (2.4) 16.5 (2.2) 16.0 (2.5) <.0001

Age group (y)
12-15 3553 (42.0) 1306 (35.2) 2247 (47.3) <.0001
16-17 2186 (25.8) 1073 (29.0) 1113 (23.4)
18-19 2719 (32.1) 1326 (35.8) 1393 (29.3)

Period of admission†

Gamma/Delta 5653 (66.8) 2282 (61.6) 3371 (70.9) <.0001
Omicron 2805 (33.2) 1423 (38.4) 1382 (29.1)

Sex
Male 4588 (54.2) 2045 (55.2) 2543 (53.5) .12
Female 3870 (45.8) 1660 (44.8) 2210 (46.5)

Region
Southeast 4634 (54.8) 1757 (47.4) 2877 (60.5) <.0001
South 1096 (13.0) 750 (20.2) 346 (7.3)
Central-West 723 (8.5) 378 (10.2) 345 (7.3)
Northeast 1344 (15.9) 516 (13.9) 828 (17.4)
North 661 (7.8) 304 (8.2) 357 (7.5)

Ethinicity‡

White 3400 (47.6) 1618 (52.4) 1782 (43.9) <.0001
Brown Black 3628 (50.7) 1414 (45.8) 2214 (54.5)
Asian 66 (0.9) 29 (0.9) 37 (0.9)
Indigenous 56 (0.8) 26 (0.8) 30 (0.7)

Signs/symptoms at
presentation

Fever 4087 (59.0) 2199 (59.4) 2788 (58.7) .53
Cough 5368 (63.5) 2299 (62.1) 3069 (64.6) .02
Dyspneia 3989 (47.2) 1764 (47.6) 2225 (46.8) .47
Diarreha 842 (10.0) 407 (11.0) 435 (9.2) .005

Number of comorbidities
None 6517 (77.1) 2794 (75.4) 3723 (78.3) .002
1 1682 (19.9) 801 (21.6) 881 (18.5)
³2 259 (3.1) 110 (3.0) 149 (3.1)

Oxygen saturation <95%‡

Yes 3251 (49.6) 1465 (51.4) 1786 (48.2) .01
ICU‡

Yes 2134 (26.1) 1021 (27.6) 1113 (24.9) .006
Ventilatory support‡

None 4092 (55.0) 2043 (59.6) 2049 (51.1)
Noninvasive 2537 (34.1) 1015 (29.6) 1522 (37.9) <.0001
Invasive 813 (10.9) 371 (10.8) 442 (11.0)

Severity index§

Mild 4120 (48.7) 1660 (44.8) 2460 (51.8)
Moderate 3303 (39.1) 1562 (42.2) 1741 (36.6) <.0001
Severe 1035 (12.2) 483 (13.0) 552 (11.6)

Outcomes‡

Discharge 7508 (91.5) 3260 (89.3) 4248 (93.3)
Death 497 (6.1) 240 (6.6) 257 (5.6) <.0001
In-hospital 197 (2.4) 149 (4.1) 48 (1.1)

Vaccination status
Unvaccinated 5760 (68.1) 2848 (76.9) 2912 (61.3)
Partially 1522 (18.0) 459 (12.4) 1063 (22.4) <.0001
Fully 1176 (13.9) 398 (10.7) 778 (16.4)

*P, comparison between cases and controls.
†Gamma/Delta predominance (June 25, 2021, to December 24, 2021) and Omicron predom-
inance (December 25, 2021, to March 28, 2022).
‡Missing data: Ethnicity, 1308; Oxygen saturation, 2105; ICU admission, 278; Ventilatory sup-
port, 1,016; Outcomes, 241; and 15 death for other causes.
§Severity index: mild (no need of oxygen support and no admission ICU), moderate (need of
noninvasive oxygen support and admission in ICU), and severe (mechanical ventilation or
death).
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and death), and multinominal regression logistic for disease
severity (mild/moderate/severe). In-hospital mortality was
evaluated by competing-risk analysis, using cumulative inci-
dence function.18 Discharge was analyzed as a competing
event. The proportional subdistribution hazards model by
Fine and Gray19 was fitted to estimate the effect of covariates
onmortality. All models were also adjusted by age, sex, ethnic
group, geographic macroregions, and presence of comorbid-
ities. In this second stage, we compared vaccine protection
between the entire period vs the omicron-predominant
period, because in the gamma/delta-predominant period
there were only 47 fully vaccinated individuals precluding a
robust analysis. The results are expressed as vaccine
protection (%) using the same formula earlier
described = 100 � (1�aOR) and 95% CIs.

Ethical Aspects
We accessed data in SIVEP-Gripe, which are already deiden-
tified and publicly available. Following ethically agreed prin-
ciples on open data, this analysis did not require ethical
approval in Brazil.

Results

During the study period, 110 614 individuals under 20 years
of age were hospitalized with an acute respiratory syndrome
in Brazil and among them, 8458 adolescents met the inclu-
sion criteria and were eligible for analysis. Of them, 3705
(43.8%) had proven SARS-CoV-2 infection and were catego-
rized as cases and 4735 (56.2%) had negative tests for SARS-
CoV-2 infection and were assigned as controls. The clinical
and demographic characteristics of the participants stratified
as cases and controls are shown in Table I. The overall
median age of the participants was 16 years, with cases
slightly older than controls. Cases were more frequently
admitted during the omicron-predominant period and the
clinical outcomes were significantly worse for cases
compared with the controls.

Vaccination Status
Among 8458 persons included in the study, 5760 (68.1%)
were unvaccinated at the onset of symptoms, 1522 (18%)
had received 1 dose (assigned as partially vaccinated), and
1176 (13.1%) had received 2 doses (assigned as fully vacci-
nated). Among 3705 cases with laboratory-proven COVID-
19 included in the study, 2848 (76.9%) were unvaccinated
at the onset of symptoms, 459 (12.4%) had received 1 dose,
and 398 (10.7%) were fully vaccinated. Of 2282 cases
admitted during the gamma/delta predominance, 179
(7.8%) were partially vaccinated and only 41 (1.8%) were
fully vaccinated, whereas of 1423 cases hospitalized during
the omicron-predominant period, the respective values
were 280 (19.7%) and 357 (25.1%).

Regarding vaccine types, all 1555 vaccinated adolescents
younger than 18 years of age received mRNA vaccine
(Pfizer-BioNTech). Among 1069 vaccinated adolescents
older than 18 years, 533 (49.8%) received an mRNA vaccine
Vaccine effectiveness against SARS-CoV-2 variants in adolescen
based test-negative case-control study
(Pfizer-BioNTech), 357 (33.3%) virus-inactivated vaccine
(Sinovac; CoronaVac), 171 (16.0%) adenovirus-vector vac-
cine ChAdOx1nCoV-19 (AstraZeneca), and only 8 (0.7%)
ts from 15 to 90 days after second dose: A population- 3
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received the vaccine JNJ-78436735 (Janssen). Additional in-
formation about vaccination status and schedules used in
Brazil is provided in the Supplementary Methods.
VE Against COVID-19
VE against SARS-CoV-2 infection leading to hospitalization
in adolescents who were partially and fully vaccinated ac-
cording to the variants predominance, time since the second
dose, age group, and vaccine type is shown in Figure 2 (A-C;
available at www.jpeds.com). The overall effectiveness for
those individuals fully vaccinated was 74% (95% CI, 68%-
78%) and for those partially vaccinated was 64% (95% CI,
59%-69%). VE was higher in the gamma/delta-
predominant period than in the omicron period. During
the gamma/delta-predominant period, the effectiveness for
those individuals fully vaccinated reached 88% (95% CI,
83%-92%), whereas during the omicron period, the VE
dropped to 59% (95% CI, 49%-66%) (Figure 2, A). The
overall median interval time since the second dose of the
vaccine was 68 days (IQR, 45-102). For the adolescents
admitted during the gamma/delta-predominant and
omicron-predominant periods, the median interval since
the second vaccine dose was 54 days (IQR, 31-79 days) and
75 days (IQR, 50-107 days), respectively. During the delta-
dominant period, VE for SARS-CoV-2 infection in
adolescents after 2 doses of vaccine peaked at 14-30 days
(91%, 95% CI, 80%-96%) and gradually declined to 85%
(95% CI, 78%-93%) after 90 days from the second dose.
Vaccines were less effective against the omicron variant
than the gamma/delta variant at all intervals after the
second dose of the vaccine. During the omicron-
predominant period, after the second dose, VE also peaked
between 14 and 30 days (75%, 95% CI, 55%-86%) and had
a steadily decline to only 54% (39%-68%) at 90 days and
longer (Figure 2, A). In the gamma/delta-predominant
period, for individuals fully vaccinated, the VE was similar
among the age groups (Figure 2, B). The VE was 94%
(95% CI, 75-98), 88% (95% CI, 71-95), and 87% (95% CI,
80-92) for the age groups 12-15 years, 16-17 years, and
18 years or older, respectively. However, in the omicron-
predominant period, there was a substantial reduction in
the VE for all age groups (Figure 2, B). The comparative
analysis of vaccine types was stratified according to age
groups because adolescents from 12 to 17 years of age
received only the BNT162b2 vaccine. In this subgroup, the
VE for those fully vaccinated was 90% (95% CI, 80-95) in
the gamma/delta-predominant period. However, during
the omicron-predominant period, the VE was reduced to
60% (95% CI, 47-69) (Figure 2, C). For adolescents of
18 years or older, in the gamma/delta-predominant period,
the effectiveness of mRNA vaccine was slightly higher
(90%, 95% CI, 77-95) than that of virus-inactivated
vaccines (88%, 95% CI, 67-90) and adenovirus-vector
vaccine (84%, 95% CI, 68-90). During the omicron-
predominant period, the estimated VE was also
substantially reduced for all vaccine types (Figure 2, C).
4

VE Against Severe Outcomes
The clinical and demographic characteristics of the cases strat-
ified by the vaccination status are shown in Table 2. The
proportion of fully vaccinated was significantly higher in
older patients, female sex, white ethnicity, from the highest-
income region of the country, and those admitted in the
omicron-predominant period. In this comparative univariate
analysis, all relevant outcomes of the severity of COVID-19
were significantly higher in non–fully vaccinated patients.
Vaccine protection against clinical outcomes of disease

severity in patients with proven COVID-19 is shown in
Figure 3. All models were adjusted by age, sex, ethnicity,
macroregion of the country, and presence of comorbidities.
For partially vaccinated cases, there was a significant
protection only against the need for any ventilatory support
(49%, 95% CI, 32-70, P < .001) considering the entire
period of the study (Figure 3, A). For fully vaccinated
individuals, considering the entire period, there was a
significant protection against the need of ICU admission
(46%, 95% CI, 27-60, P < .001), need for any ventilatory
support (49%, 95% CI, 32-70, P < .001), severe COVID-19
(42%, 95% CI, 17-60, P < .001), and death (46%, 95% CI,
8-67, P = .02), but not for invasive mechanical ventilation
(10%, 95% CI, �33 to 39, P = .55). On the other hand,
during the omicron-predominant period, there was no
significant protection against all end points of disease
severity even for fully vaccinated cases (Figure 3, B).
Among the 240 adolescents who died, 224 (93.3%) were

not fully vaccinated. According to the competing-risk sur-
vival analysis, the estimated probability of fatal outcomes
was 4.4% and 7.2%, for fully vaccinated adolescents and un-
vaccinated/partially vaccinates cases, respectively. The cumu-
lative incidence of death according to the vaccination status is
shown in Figure 4 (available at www.jpeds.com).
Discussion

In this real-world analysis, we observed, after the second dose
of SARS-CoV-2 vaccine, high effectiveness of vaccines against
COVID-19 and moderate effectiveness against severe out-
comes of the disease during the gamma/delta-predominant
period. However, our findings revealed a substantial reduc-
tion of the VE against SARS-CoV-2 infection and also against
severe outcomes during the omicron-predominant period.
Epidemiological data have shown that children and ado-

lescents have a low risk of severe disease and COVID-19–
related death. However, data from low-income regions are
quite diverse from findings of high-income countries that re-
ported an overall mortality rate of 1% or even less in hospi-
talized pediatric patients20 Data from Brazil and Africa
showed an overall mortality rate of 7.7% (1661 of 21 591)
and 8.3% (39 of 469) in pediatric patients hospitalized with
COVID-1913,14,21,22 These findings have clinical and public
health implications and the implementation of an efficacious
vaccination program is urgently needed for children and ad-
olescents in low-income regions23
Oliveira et al
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Table II. Clinical characteristics and outcomes of patient cases according to vaccination status

Characteristics/Outcomes
Unvaccinated Partially Fully

P * P †2848 (100) 459 (100) 398 (100)

Age (y)
Mean (SD) 16.4 (2.3) 16.6 (2.0) 17.4 (2.0) <.0001

Age group (y)
12-15 2664 (46.2) 575 (37.8) 314 (26.7) <.0001 <.0001
16-17 1519 (26.4) 396 (26.0) 271 (23.0)
18-19 1577 (27.4) 551 (36.2) 591 (50.3)

Period of admission‡

Gamma/Delta 2062 (72.4) 179 (39.0) 41 (10.3) <.0001 <.0001
Omicron 786 (27.6) 280 (61.0) 357 (89.7)

Sex
Male 1505 (52.8) 277 (60.3) 263 (66.1) <.0001 <.0001
Female 1343 (47.2) 182 (39.7) 135 (33.9)

Region
Southeast 1336 (46.9) 211 (46.0) 210 (52.8) <.0001 .009
South 575 (20.2) 91 (19.8) 84 (21.1)
Central-West 307 (10.8) 44 (9.6) 27 (6.8)
Northeast 393 (13.8) 66 (14.4) 57 (14.3)
North 237 (8.3) 47 (10.2) 20 (5.0)

Ethinicity§

White 1214 (51.8) 220 (52.9) 184 (56.4) .22 .21
Brown Black 1093 (46.6) 184 (44.2) 137 (42.0)
Asian 21 (0.9) 7 (1.7) 1 (0.3)
Indigenous 17 (0.7) 5 (1.2) 4 (1.2)

Signs/symptoms at presentation
Fever 1734 (60.9) 268 (58.4) 197 (49.5) <.0001 <.0001
Cough 1814 (63.7) 258 (56.2) 227 (57.0) .001 .03
Dyspneia 1438 (50.5) 180 (39.2) 146 (36.7) <.0001 <.0001
Gastrointestinal 327 (11.5) 53 (11.5) 27 (6.8) .02 .85

Number of comorbidities
None 2159 (75.8) 335 (73.0) 300 (75.4) .76 .96
1 606 (21.3) 108 (23.5) 87 (21.9)
2 83 (2.9) 16 (3.5) 11 (2.8)

Oxygen saturation <95%§

Yes 1210 (54.5) 137 (39.8) 118 (41.4) <.0001 <.0001
ICU
Yes 820 (28.8) 116 (25.3) 85 (21.4) .004 .03

Ventilatory support§

None 1473 (56.2) 284 (68.4) 286 (72.6)
Noninvasive 855 (32.6) 88 (21.2) 72(18.3) <.0001 <.0001
Invasive 292 (11.1) 43 (10.4) 36 (9.1)

Severity index{

Mild 1190 (41.8) 248 (54.0) 222 (55.8)
Moderate 1278 (44.9) 152 (33.1) 132 (33.2) <.0001 <.0001
Severe 380 (13.3) 59 (12.9) 44 (11.1)

Outcomes§

Discharge 2511 (89.6) 397 (88.4) 352 (88.4)
Death 194 (6.9) 30 (6.7) 16 (4.0) .001 <.0001
In-hospital 97 (3.5) 22 (4.9) 30 (7.5)

*P, comparison among of 3 groups.
†P, comparison between unvaccinated/partially vs fully vaccinated groups.
‡Gamma/Delta predominance (June 25, 2021, to December 24, 2021) and Omicron predominance (December 25, 2021, to March 28, 2022).
§Missing data: Ethnicity, 618; Oxygen saturation, 855; Ventilatory support, 276; Outcomes, 56.
{Severity index: mild (no need of oxygen support and no admission ICU), moderate (need of noninvasive oxygen support and admission in ICU), and severe (mechanical ventilation or death).
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The first randomized trial of the BNT162b2 vaccine in re-
cipients from 12 to 15 years, conducted before the emergence
of the omicron variant, reported a favorable safety profile and
was highly effective against SARS-CoV-2 infection (100%,
[95% CI, 75.3-100])1 In addition, several studies showed
that the BNT162b2 vaccine was highly effective in reducing
the risk of hospitalization and severe COVID-19 outcomes
in adolescents during the delta variant period.8,24,25 Howev-
er, early assessments of the vaccination against COVID-19
and severe outcomes of the disease among adolescents during
Vaccine effectiveness against SARS-CoV-2 variants in adolescen
based test-negative case-control study
the omicron variant period have shown a substantial reduc-
tion in VE. For instance, Price et al,26 in a test-negative case-
control study, reported that in the delta-predominant period,
VE against hospitalization for COVID-19 among adolescents
from 12 to 18 years of age was 93% (95% CI, 89-95), whereas
during the omicron-predominant period, VE was only 40%
(95% CI, 9-60). Using a similar design with a large sample
size enrolled during the omicron-predominant period,
Fleming-Dutra et al6 reported that the estimated VE was
59.5%, 2 to 4 weeks after the second dose, and only 16.6%
ts from 15 to 90 days after second dose: A population- 5



Figure 3. Effectiveness of the vaccine against severe outcomes of COVID-19 in adolescents. A, Partially vaccinated; B, Fully
vaccinated. Reference category is unvaccinated individuals. Black markers, P < .05; Grey markers P > .05.
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during the second month after vaccination. Similarly, in a
prospective cohort study, Fowlkes et al7 reported that the
effectiveness of the 2-dose BNT162b2 vaccine schedule in
preventing SARS-CoV-2 infection among adolescents from
12 to 15 years was 81% (95% CI, 51-93) for delta variant in-
fections, whereas for omicron infections, the value reduced to
59% (95% CI, 24-78). Of note, our findings from a devel-
oping country are in close agreement with these studies. In
our analysis, considering the fully vaccinated adolescents,
the VE was 88% during the pre-omicron period, whereas,
during the omicron-predominant period, the VE dropped
to 59% (95% CI, 49%-66%). Taken together, these results
highlighted a reduction of about 30%-50% in the VE of the
2-dose vaccine schedule against infection of the omicron
variant. Importantly, our findings highlight the concomitant
reduction in vaccine protection related to the natural decline
in VE over time and also regarding the omicron variant. We
observed that the VE was consistently lower during the
omicron-predominant period compared with the gamma/
delta-predominant period for the same time intervals since
the second dose. Previous studies have reported a similar
pattern of the waning VE against symptomatic SARS-CoV-
2 infection in adolescents. For instance, data from England
on VE against symptomatic infection among people aged
16-17 years showed that after the second dose, VE peaked
at 14-34 days (96%, 95% CI, 95.2%-96.8%) for the delta
variant and at 7-13 days for the omicron variant (76.1%,
95% CI, 73.4%-78.6%) variant. Effectiveness fell rapidly for
omicron after day 34, reaching 22.6% (95% CI, 14.5%-
29.9%) 70 days after dose 2, compared with 83.7% (95%
CI, 72.0%-90.5%) for the delta variant.27 Overall, these find-
ings are consistent with early genomic data that predicted the
potential immune evasion of the omicron variant. These
studies demonstrated that the omicron receptor-binding
domain binds to human angiotensin-converting enzyme 2
6

with enhanced affinity, and marked reductions in neutral-
izing activity were observed against omicron compared
with the ancestral virus in the plasma of convalescent individ-
uals and of individuals who were vaccinated against SARS-
CoV-2.28-30

In the second part of our analysis, we assessed the VE against
severe clinical outcomes and COVID-19–related death among
adolescents positive for SARS-CoV-2 infection. We observed
an overall protection, with the 2-dose schedule, of about
40%against all endpoints except theneed for invasivemechan-
ical ventilation for which the value was about 10%. However,
our findings showed that the VE has dropped to about 20%
in the omicron period for most endpoints analyzed, except
for in-hospital mortality, which remained around 45% in
bothperiods. Similarly, early studies in the pre-omicronperiod
showed impressive evidence of the BNT162b2 efficacy against
serious illness, but with substantially lower protection during
the omicron-predominant period.25,26

The strength of our study is the size of the population-based
cohort, which allows a real-world analysis of VE among ado-
lescents hospitalized with acute respiratory syndrome during
distinct periods of the COVID-19 pandemic in a middle-
income country. On the other hand, the conclusions of this
report must be considered in light of several limitations. First,
the predominant periods of SARS-CoV-2 lineages were as-
signed based on the prevalence of the strains in the Brazilian
population at the time and not on the individual sequencing
of the virus in the patients. Second, another relevant limitation
is that the number of fully vaccinated cases during the period
of gamma/delta predominance was small, precluding a reliable
analysis separately of VE against a severe illness for this group
in this period. Third, misclassification of cases and controls
cannot be ruled out, especially given the reduced sensitivity
of SARS-CoV-2 antigen assays. However, for most individuals
(91%) included in the study, the test used was RT-PCR.
Oliveira et al
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Fourth, we were unable to include previous SARS-CoV-2
infection status as a confounder. Prior infection may provide
protective immunity, especially when associated with vaccina-
tion, and therefore may modify the effectiveness of the vac-
cine.31 Fifth, the negative test design used in our study has
been routinely used to estimate the effectiveness of the sea-
sonal flu vaccine, but its application in COVID-19 studies,
although increasingly common, is new.15,22,32,33 A key point
of the negative test design is whether there are differences be-
tween vaccinated and unvaccinated people that could influ-
ence the occurrence of the disease. Confusion by measured
and unmeasured variables is a concern in observational
studies. In this context, confounders are variables that influ-
ence both receipts of the vaccine and the occurrence of
COVID-19 medically attended.33 To partially overcome this
issue, we used various regression models to adjust for several
measured confounders, including demographic and clinical
variables and admission period.

For individuals 18-19 years of age, in the gamma/delta-
predominant period, we found similar effectiveness for the
BNT162b2, ChAdOx1nCoV-19, and CoronaVac vaccines.
Our findings suggest that, for the omicron variant, the 2-
dose regimen may be insufficient for adolescents.
Additional studies with longer follow-up and continuous
monitoring of vaccine efficacy and durability against hospi-
talization, critical illness, and death associated with
COVID-19 are needed to guide vaccination strategies.
Furthermore, our findings support the need for updated vac-
cines to provide better protection against COVID-19 and
serious outcomes caused by emerging variants. n

We are extremely grateful to the frontline clinical staff of the Brazilian
Public Health System (SUS) who collected these data in challenging
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Figure 1. Flow diagram of the cohort selection.
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Figure 2. Effectiveness of the vaccine against hospitalization for COVID-19 in adolescents stratified according to A, variant-
predominant periods and time since second-dose, B, age groups, and C, vaccine types and age groups. Reference category is
unvaccinated individuals. Black markers, P < .05; Grey markers P > .05.

Figure 4. Cumulative incidence of death according to the
vaccination status (fully vaccinated vs unvaccinated/partially
vaccinated).
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