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Objectives: We estimated the BNT162b2 vaccine effectiveness (VE) against any (symptomatic or not) 

SARS-CoV-2 Delta and Omicron infection among adolescents (aged 12-17 years) in Norway from August 

2021 to January 2022. 

Methods: We used Cox proportional hazard models, where vaccine status was included as a time-varying 

covariate and models were adjusted for age, sex, comorbidities, residence county, birth country, and living 

conditions. 

Results: The VE against Delta infection peaked at 68% (95% confidence interval [CI]: 64-71%) and 62% (95% 

CI: 57-66%) in days 21-48 after the first dose among those aged 12-15 years and 16-17 years, respectively. 

Among those aged 16-17 years who received two doses, the VE against Delta infection peaked at 93% (95% 

CI: 90-95%) in days 35-62 and decreased to 84% (95% CI: 76-89%) in ≥63 days after vaccination. We did 

not observe a protective effect against Omicron infection after receiving one dose. Among those aged 16- 

17 years, the VE against Omicron infection peaked at 53% (95% CI: 43-62%) in 7-34 days after the second 

dose and decreased to 23% (95% CI: 3-40%) in ≥63 days after vaccination. 

Conclusion: We found a reduced protection after two BNT162b2 vaccine doses against any Omicron infec- 

tion compared to Delta. Effectiveness decreased with time from vaccination for both variants. The impact 

of vaccination among adolescents on reducing infection and thus transmission is limited during the Omi- 

cron dominance. 

© 2023 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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Even though COVID-19 is generally mild in children of all ages 

1–3] , strict and widespread infection prevention measures to con- 

rol transmission in society have disrupted education and social ac- 

ivities [4] . To provide advice for infection control among children 

nd adolescents, including vaccination, it is essential to understand 

he role of children in transmission and their disease burden, as 

ell as the effect and consequences of the implemented measures. 

Overall, vaccines are considered important to fight the spread 

f the COVID-19 and prevent serious outcomes. BNT162b2 (Comir- 
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aty, Pfizer-BioNTech) and messenger RNA-1273 (Spikevax, Mod- 

rna) vaccines have been approved for use in adolescents, based 

n randomized placebo-controlled trials demonstrating compara- 

le immunogenicity and safety profiles as in young adults [5 , 6] . In

ddition, several observational studies have shown that BNT162b2 

rotects against infection, hospitalization, and/or intensive care 

nit admissions by the SARS-CoV-2 Delta variant among chil- 

ren and/or adolescents [7–14] . Evidence on BNT162b2 protec- 

ion against Omicron variant in children and adolescents is still 

parse with few studies suggesting lower vaccine effectiveness (VE) 

gainst infection and against COVID-19 hospitalization than Delta 

13–16] . 

Since August 18, 2021, Norway has recommended two doses of 

NT162b2 for those aged 16-17 years, with an extended interval of 

-12 weeks between doses. In addition, since September 2, 2021, 
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hose aged 12-15 years were offered a single dose of BNT162b2 

nd a second dose from the end of January 2022 [17] . From mid-

ugust 2021 (at school re-entry), testing in secondary schools was 

idespread and lasted until mid-January. All class contacts of cases 

ere encouraged to test, and in September, additional routine bi- 

eekly testing in secondary schools was introduced in areas and 

eriods of high incidence. All testing was free of charge and eas- 

ly accessible to ensure a high uptake. Most adolescents aged 12- 

7 years would be tested using rapid antigen test, followed by 

 polymerase chain reaction (PCR) test to confirm if positive. In 

orway, the Delta variant was predominant from August to De- 

ember 2021. The Omicron variant was first detected in adults 

t the end of November and overtook Delta by the end of the 

ear [18] . 

Concerns regarding the VE against Omicron variants was raised 

fter a rapid increase in the SARS-CoV-2 incidence in highly vac- 

inated populations, including among adolescents. In a population- 

ased cohort study, we estimated the VE of BNT162b2 against PCR- 

onfirmed (regardless of symptoms) SARS-CoV-2 Delta or Omicron 

nfection among adolescents (aged 12-17 years) in Norway from 

ugust 2021 to January 2022. 

ethods 

tudy design and data sources 

We conducted a retrospective population-based cohort study 

or the period August 25, 2021 to January 16, 2022, including all 

ndividuals born from 2004 to 2009 (aged 12-17 years), who were 

egistered as living in Norway with a valid national identity num- 

er. Of these 390,992 individuals, we excluded 4374 individuals 

ith less than 19 days between the first and second dose, those 

ith four registered vaccine doses, or who received another vac- 

ine product (not BNT162b2). In addition, we excluded 14,439 in- 

ividuals with a reported SARS-CoV-2 infection before August 25, 

021. This study period includes the whole period that vaccination 

as recommended to these two age groups, as well as enhanced 

nd comparable testing strategy. 

We obtained data from the Norwegian national preparedness 

egistry for COVID-19 (Beredt C19) [19] that contains individual- 

evel data from the national health and administrative registries, 

hich can be linked using the national identification number. It 

overs all residents in Norway and includes data on all laboratory- 

onfirmed cases of COVID-19, all hospitalizations, and vaccina- 

ion (Supplement, part 1). The individual-level data used for this 

tudy included age (in years), sex, county of residence (12 lev- 

ls), household crowding (three levels; yes, no, unknown), dates 

f vaccination, vaccine type (only BNT162b2 included), underlying 

omorbidities (three levels: low risk [no underlying comorbidities], 

edium risk, and high risk comorbidity), date of sampling for re- 

orted cases, and information on the SARS-CoV-2 variant if avail- 

ble (Supplement, part 1). We extracted data from the registries on 

ebruary 18, 2022. 

efinitions 

ARS-CoV-2 infection 

We defined SARS-CoV-2 infection as a positive SARS-CoV-2 PCR 

est reported to the Norwegian Surveillance System for Commu- 

icable Diseases registry. We used the testing date as the time of 

nfection (positive PCR test). Both symptomatic and asymptomatic 

eported cases have been included because it is not possible to dis- 

inguish between these in the Norwegian Surveillance System for 

ommunicable Diseases registry. 
183 
ARS-CoV-2 Delta or Omicron variants 

Identified using Sanger partial S-gene sequencing or PCR 

creening targeting specific single nucleotide polymorphisms, in- 

ertions, or deletions; the details for laboratory testing for the vari- 

nts were previously described [20] . 

accination status 

Vaccine status was defined based on number of doses and date 

f vaccination recorded in the Norwegian Immunisation Registry 

SYSVAK). We used 4-week intervals from the time a received 

ose was considered valid (21 days after vaccination for dose one 

nd 7 days after vaccination for dose two) to assess the waning 

f VE, while taking into account our sample size, the start of the 

accination of adolescents in Norway, and the allowed follow-up 

eriod for the two variants. We defined the categories for vaccine 

tatus as 

1. Unvaccinated, no dose received 

2. One dose, 0-20 days after the first vaccine dose 

3. One dose, 21-48 days after the first vaccine dose 

4. One dose, 49-76 days after the first vaccine dose 

5. One dose, ≥77 days after the first vaccine dose 

6. Two doses, 0-6 days after the second vaccine dose 

7. Two doses, 7-34 days after the second vaccine dose 

8. Two doses, 35-62 days after the second vaccine dose 

9. Two doses, ≥63 days after the second vaccine dose 

ata analysis 

tatistical analysis 

We estimated the VE against any SARS-CoV-2 infections (Delta 

nd Omicron infections in separate analyses) using a Cox propor- 

ional hazards models with vaccination status as a time-dependent 

ovariate and allowing changes in the baseline hazard over time. 

n these analyses, we stratified for the available factors associ- 

ted with the likelihood of being vaccinated and being infected. 

ll our adjusted VE estimates were stratified for sex, country of 

irth, county of residence, crowding, and underlying comorbidities 

ssociated with increased risk of severe COVID-19. VE is defined 

s 100 × (1 - β), with β being the proportional hazard associ- 

ted with vaccine status. Further details on the statistical analysis 

an be found in the Supplement part 2. The statistical significance 

evel was set at 0.05. 

More specifically, we estimated the VE among individuals with 

o previous SARS-CoV-2 infection after receiving one dose for 

hose aged 12-15 years and after one and two doses for those 

ged 16-17 years against (a) all reported infections from August 

5 to November 25, 2021; (b) reported Delta infections from Au- 

ust 25, 2021 to January 16, 2022; and (c) reported Omicron infec- 

ions from November 26, 2021 to January 16, 2022. Between Au- 

ust 25 to November 25, Delta accounted for nearly 100% of all 

amples typed, and therefore, we assume that the analyses of all 

eported cases in this period are Delta infections. The follow-up 

eriod ended on January 16 because the comprehensive screen- 

ng activity in Norway ceased as Omicron reached more than 90% 

revalence. We performed additional analyses to evaluate the im- 

act in estimating VE for a specific variant when only including 

using data) screened cases because only part of all reported cases 

s screened for the variant (Supplement part 2). 

Statistical analysis was performed in Stata version 16 (Stata Cor- 

oration, College Station, TX, USA). 

esults 

Overall, we included 372,179 adolescents (aged 12-17 years), of 

hom 52,891 reported SARS-CoV-2 infections by the end of the 
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Figure 1. Number of COVID-19 reported cases by week of sampling and cumulative number of vaccinated adolescents 12-17 years old by vaccine doses received and week 

(a); proportion of reported COVID-19 cases among adolescents 12-17 years old with data on virus variant, and proportion of Delta and Omicron by week of sampling (b), 

Norway, August 25, 2021- January 16, 2022 (n = 52,891). 
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tudy period. Of the 52,891 reported cases, 42% were screened for 

ariants and from those 26% of variants were sequenced. The first 

micron case in this population was detected on December 2, 2021 

week 48). The proportion of cases screened for variants varied 

hroughout the study period, with the highest proportion (67%) in 

eek 50 after the first Omicron cases in Norway ( Figure 1 ). Over-

ll, 17,103 infections were identified as Delta and 5,121 as Omicron. 

urther population characteristics are presented in Table 1 . 

At the start of the study period (end of week 33), 3,445 ado- 

escents had received one vaccine dose, and of those aged 16-17 

ears, 1,121 received a second dose. Vaccination uptake increased 

uring the study period, and when Omicron started circulating 

week 48), the vaccine coverage was approximately 75% (278,422 

372,179) for one dose among those aged 12-15 years and 59% 

67,955 /117,681) for two doses among those aged 16-17 years. 

i

184 
y the end of the study period, the vaccine coverage was 78% 

291,511/372,179), with one dose among those aged 12-15 years 

nd 74% (87,613/117,681) with two doses among those aged 16-17 

ears ( Figure 1 ). 

Testing activity was similar among unvaccinated and vaccinated 

dolescents and among the respective groups for the two age 

roups throughout the study period. The proportion of individu- 

ls tested per week ranged from 1.1% to 16.5% for the unvaccinated 

dolescents, 1.1% to 10.9% for those vaccinated with one dose, and 

.0% to 8.7% for those vaccinated with two doses ( Figure 2 ). 

accine Effectiveness 

elta variant 

The first period (21-48 days) after one dose the VE against Delta 

nfections was 68% (95% confidence interval [CI], 64-71%) and 63% 
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Table 1 

Characteristics of the study population and of those who tested positive for SARS-CoV-2 Delta and Omicron variant, Norway, 25 August 

2021- 16 January 2022 (n = 372,179). 

Reported infections 

Characteristics 

Study population a 

(n = 372,179) 

All infections 

(n = 52,891) 

Delta variant 

(n = 17,103) 

Omicron variant 

(n = 5,121) 

n % n % n % n % 

Sex 

Male 191,316 51.4 26,967 51.0 8,681 50.8 2,573 50.2 

Female 180,863 48.6 25,924 49.0 8,422 49.2 2,548 49.8 

Age groups in years 

12-15 254,498 68.4 37,993 71.8 11,738 68.6 4,065 79.4 

16-17 117,681 31.6 14,898 28.2 5,365 31.4 1,056 20.6 

Country of birth 

Norway 329,590 88.6 45,149 85.4 14,623 85.5 4,337 84.7 

Outside of Norway 42,583 11.4 7,742 14.6 2,480 14.5 784 15.3 

Unknown 6 0.0 0 0.0 0 0.0 0 0.0 

Risk of severe 

COVID-19 b 

Low 342,775 92.1 48,987 92.6 15,853 92.7 4,737 92.5 

Medium 27,308 7.3 3,691 7.0 1,177 6.9 362 7.1 

High 2,096 0.6 213 0.4 73 0.4 22 0.4 

a Note that the study population in the main analysis includes the individuals at the beginning of the study period (August 25, 2021) 

and that the population in the sub analyses for the period November 2021 to January 2022 is different since prior infections are excluded 

and few people died. 
b Risk of severe disease based on underlying comorbidities that are associated with a moderate or high risk of serious illness regardless 

of age. Details on the definitions used are provided in the Supplement, part 1. 

Figure 2. Proportion of individuals tested per week for the age group 12-15 (left panel) and 16-17 (right panel) years by vaccine status (unvaccinated: black dashed line, 

one dose: blue line, two doses: red line), Norway, August 25, 2021-January 16, 2022 (n = 372,179). 
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95% CI: 56-68%) among those aged 12-15 years and 16-17 years, 

espectively. The VE decreased to 49% (95% CI: 46-52%) and 29% 

95% CI: 20-37%) after 77 days or more, respectively ( Figure 3 , Sup-

lementary Table S2). Among those aged 16-17 years, that received 

wo doses, the VE was 91% (95% CI: 89.1-92%) 7-34 days after the 

econd dose compared with 93% (95% CI: 90-95%) 35-62 days and 

4% (95% CI: 76-89.0%) after 63 days or more ( Figure 3 , Supple-

entary Table S2). These analyses showed a decrease in VE with 

ime since the last vaccination (no overlapping CI). We also esti- 

ated the overall VE for the period after 21 days from dose one, 

hich was 54% (95% CI: 52-56%) for those aged 12-15 years and 

5% (95% CI: 40-50%) for those aged 16-17 years. The overall VE 

fter 7 days from dose two was 91% (95% CI: 90-92) for those aged

6-17 years. 

The VE estimates were similar when we conducted these analy- 

es using all reported infections during the period August 25, 2021 
185 
o November 25, 2021 (Delta dominating), with slightly higher es- 

imates for 63 days or more after the second dose (88% vs 84% 

ith overlapping CI). The decrease of VE was less clear including 

his period, likely due to shorter follow-up. The estimates for VE 

ere significantly higher 77 days or more after one dose when 

onsidering all infections compared with Delta (48% vs 29% with 

o overlapping CI). This could be possibly explained by a longer 

ollow-up period in the analysis using Delta cases (up to January 

6, 2022) than the analysis for all infections (up to November 25, 

021). 

micron variant 

Among those aged 16-17 years who received two doses, the VE 

gainst Omicron infection peaked 7-34 days after the second dose 

t 53% (95% CI: 43-62%) and substantially decreased to 23% (95% 

I: 3-40%) 63 days or more after the second dose (no overlapping 
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Figure 3. Adjusted vaccine effectiveness for age 12-15 years (orange) and 16-17 (blue) by vaccination status against (a) all reported infections from August 25 to November 

25, (b) reported Delta infections from August 25, 2021 to January 16, 2022, and (c) reported Omicron infections from November 26 to January 16. We estimated adjusted 

vaccine effectiveness using Cox regression stratified by age, sex, county of residence, country of birth, crowding and underlying comorbidities. Details on the numbers 

presented here are included in supplementary Table S2. 

Note 1: The vaccine effectiveness in 0-6 days after the second dose probably reflects the effect of the first vaccine dose. 

Note 2: Overall, during November 26, 2021 to January 16, 2022: There were 8,013 Delta infections reported, of which 8,011 were included in the Cox regression (two cases had date 

of event before date of entry due to errors). From those 8,011 Delta cases, the 6,507 were in age group 12-15 and 1,504 in the age group 16-17 years. Moreover, there were 5,123 

Omicron infections of which 5,120 were included in the Cox regression (three cases had date of event before date of entry due to errors). From those 5,120 Omicron cases, the 4,064 

were in age group 12-15 and 1,056 in the age group 16-17. 
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I) ( Figure 3 , Supplementary Table S2). For both age groups, we did 

ot observe a protective effect against Omicron SARS-CoV-2 infec- 

ion after one dose. The VE against Omicron infection was signif- 

cantly lower than Delta in all respective time points (no overlap- 

ing CI) after receiving the second dose of vaccine in those aged 

6-17 years. We also did not observe a protective effect against 

micron when we estimated the overall VE for the period after 21 

ays from dose one, which was -11% (95% CI: -19– -3%) for those 

ged 12-15 years and -12% (95% CI: -38–8%) for those aged 16-17 

ears. The overall VE after 7 days from dose two was 46% (95% CI:

6-54) for those aged 16-17 years. 

In our study, we estimated the VE against infection, and we 

id not include any VE analyses against hospitalization or death 

severe disease) due to the small numbers of events. During the 

tudy period, there were 31 hospitalizations, with COVID-19 as the 

ain reason for admission, and four intensive care unit admissions 

mong adolescents aged 12 to 17 years, from which none died. 

iscussion 

We found that two doses of BNT162b2 vaccine were highly ef- 

ective against any (irrespective of symptoms) SARS-CoV-2 Delta 

nfection and less effective against Omicron infection among ado- 

escents aged 16-17 years. We did not observe a protective effect 

gainst Omicron SARS-CoV-2 infection after one dose but observed 

ome protection against Delta infection. Overall, the VE against 

micron was lower than against Delta. For both variants and in 

oth age groups, the VE against infection decreased with time 

ince vaccination. 

The high VE ( > 90%) against the Delta variant shortly af- 

er the second dose is in line with results from other studies 

mong adolescents in Israel, United States, Singapore, and Eng- 

and [8 , 10 , 13–15] . Our results are aligned with several studies

eporting reduced VE against infections with Omicron compared 

o Delta variants in adolescents and adults [13 , 14 , 21–23] . We did

ot observe a protective effect against Omicron infection after 

eceiving one dose of the vaccine, but a study among adolescents 

n England reported a 53% effectiveness against symptomatic 

micron infection 21-27 days after vaccination [14] , and another 

tudy in Singapore reported an overall 22% effectiveness against 

onfirmed Omicron infection [13] . Our estimated VE against Omi- 

ron infection after two doses was also lower than the estimates 

rom England; 53% compared with over 70% in 7-34 days after the 
186 
econd dose respectively [14] . However, the trends were compa- 

able with lower effectiveness against Omicron than Delta variant 

nd decreasing effectiveness with time since the last vaccine dose 

14] . A possible explanation for the differences is the high rates of 

symptomatic infection for Omicron than other variants of concern 

24] and increased VE against symptomatic infections, as well as 

ifferences in health-seeking behavior. In our study, we included 

 period with similar testing strategy, which was independent of 

accine status, to limit this bias. We did not observe differences 

n the proportions of tested by week over the study period by 

accine status ( Figure 2 ). Because the population, study design, 

nterval between doses, the period, outcomes, and epidemic are 

ite- and study-dependent, it is important to have data from 

arious settings to compare and guide vaccine policies. 

Similar to data reported in adults, the vaccine-induced protec- 

ion against infection wanes with time since last dose for both 

ariants [21] . Waning against Delta infection among adolescents 

as been reported previously [8 , 13 , 22 , 25] . In addition, the studies

rom England and Qatar suggested that the protection against Omi- 

ron infection wanes faster than Delta infections and to infections 

n the pre-Omicron period, respectively [14 , 26] . The pooled results 

rom a metanalysis that included 14 studies in children/adolescents 

hat demonstrated that the second dose, as well as the booster 

accine, were more effective than the first dose in protecting chil- 

ren and adolescents from the Omicron infection, especially those 

ith symptomatic COVID-19 [16] . 

In our study, we did not include any VE analyses against se- 

ere disease, such as hospitalization or death, due to small num- 

er of events. However, studies in both adults and adolescents have 

hown stronger effectiveness and longer duration against more se- 

ere disease than infection [13 , 21 , 27] . Because adolescents have a 

ow risk of severe disease, the necessity to prevent infection in pre- 

iously primary vaccinated adolescents is still uncertain. 

The access and ability to link information on an individual level 

sing data collected in various national systems is a great advan- 

age and allows us to estimate the national VE and in subpop- 

lations, such as adolescents. However, using register-based data 

omes with some limitations that should be considered when in- 

erpreting the results. Data used from the registries are not col- 

ected for the purpose of this study, and therefore, it is not guided 

y the current study, as would be the case for independent data 

athering, which can affect the focus on level of detail, error check- 

ng, and precision in the available data. However, there is no reason 
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o believe that such discrepancies, if they exist, would differ among 

he different groups that we have compared, and our estimates in 

he study and previously published work are in line with that re- 

orted by others. Various aspects related to disease dynamics, risk 

f infection, testing strategy, and response changed over the study 

eriod, making it challenging to identify all elements that affect 

E and risk of infection. However, we expect these changes to be 

imilar between the adolescents in this study and by using time 

xplicitly in our models, we take some of these changes indirectly 

nto consideration. The sensitivity analyses using data from only 

ases screened for variants compared with all reported cases pro- 

ided similar estimates on VE (Supplementary Table S3). We con- 

lude that using all reported SARS-CoV-2 cases in periods with one 

ariant dominating can provide similar VE estimates with a larger 

ower when only a small proportion of samples are screened. 

In Norway, SARS-CoV-2 testing during the study period was free 

nd readily available for everyone. In addition, in areas and peri- 

ds with high infection rates, regular testing was recommended for 

dolescents attending school. However, it is likely that not all in- 

ividuals infected with SARS-CoV-2 have been detected, which can 

ffect the estimates if the fraction of unidentified cases differs by 

accine status. Moreover, the estimated VE can be affected if the 

umber and types of social contacts by an individual depends on 

is/her vaccination status [28] , for example, if getting vaccinated 

esults in behavioral changes associated with higher risk of expo- 

ure (underestimate) and/or lower likelihood of testing (overesti- 

ate). However, we expect in this study population that risk be- 

avior, type of contacts, and testing would be relatively homoge- 

ous because this population had similar exposures ( i.e ., being at 

chool), testing requirements did not depend on vaccination sta- 

us, and we did not observe any big differences in the proportion 

f individuals tested per week in the different vaccination status 

roups. 

In conclusion, one and two doses of BNT162b2 among ado- 

escents protected well against Delta SARS-CoV-2 infection, with 

igher protection among those with two doses. We did not ob- 

erve a protective effect against Omicron SARS-CoV-2 infection 

fter one vaccine dose, but we observed a moderate protection 

fter two doses. VE decreased with time since vaccination for both 

ariants, and we observed a steeper decrease in the effectiveness 

gainst Omicron infection than Delta from the time since vac- 

ination with two doses. These results suggest that vaccination 

ight have limited effect in preventing Omicron infection among 

dolescents that can also result in challenges limiting the spread. 

vidence from other studies suggest that even if vaccination pro- 

ides modest protection against Omicron infection (symptomatic 

r not), the protection against severe disease seems to remain. 

iven the low risk of severe disease for children and adolescents 

ith the currently circulating strains of SARS-CoV-2 and the 

accines’ limited effect against infection and transmission, the 

mpact of further vaccination of healthy adolescents presently 

eems low. However, adolescents with severe underlying condi- 

ions may have a higher risk of hospitalization for COVID-19. In 

orway, children and adolescents with severe comorbidities ( e.g ., 

everely immunocompromised; severe neurological, cardiac, or 

espiratory conditions) are recommended to receive primary and 

ooster vaccination to reduce the risk of severe disease and hos- 

italization. COVID-19 VE should be monitored and re-evaluated, 

specially with the introduction of new vaccines, as well as 

mergence of new variants, because protection might differ from 

he effectiveness against Delta and Omicron infections in earlier 

eriods. 
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