Uéinnost vakcin mRNA-1273, BNT162b2 a BBIBP-CorV
proti infekci a umrtnosti u déti v Argentiné, béhem
prevahy delta a omikronovych variant covid-19: test
negativni, pfipadova kontrolni studie

B3 bmj.com/content/379/bmj-2022-073070

1. Juan Manuel Castelli , specialista na infek¢ni onemocnéni 1,
. Analia Rearte (), profesorka , epidemiolozka 1 2,
. Santiago Olszevicki , datovy védec 1,
. Carla Voto , specialistka na infek¢ni onemocnéni 1,
. Maria Del Valle Juarez , epidemiolozka 1,

2

3

4

5

6. Martina Pesce , epidemiolozka 1,

7. Agustina Natalia Iovane , epidemiolozka 1,

8. Mercedes Paz , epidemiolog 1,

9. Maria Eugenia Chaparro , epidemiolozka 1,
10. Maria Pia Buyayisqui , epidemiolozka 1,

11. Maria Belén Markiewicz , epidemiolozka 1,
12. Mariana Landoni , inZenyr informacnich systémii 1 3,
13. Carlos Maria Giovacchini , epidemiolog 1 3,

14. Carla Vizzotti , ministryné zdravotnictvi 1

Afiliace autoru

1. Korespondence na: A Rearte analiarearte@gmail.com

Prijato 2. listopadu 2022

Abstraktni

Cil Odhadnout Gc¢innost dvoudavkového oc¢kovaciho schématu
(mRNA-1273, BNT162b2 a BBIBP-CorV) proti infekci SARS-CoV-2 a
umrti souvisejicim s covid-19 a kratkodobému oslabeni imunity u
déti (3-11 let) ) a adolescenty (12-17 let) béhem obdobi prevahy delta
a omikronové varianty v Argentiné.

Design Test negativni, pripadova-kontrolni studie.
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Nastaveni databaze narodniho dozorového systému a
nominovaného federalniho ockovaciho registru Argentiny.

Uéastnici 844 460 déti a dospivajicich bez predchozi infekee
SARS-CoV-2 zpiisobilych k ziskani zakladniho oc¢kovaciho planu,
kteri byli testovani na SARS-CoV-2 polymerazovou retézovou reakei
nebo rychlym antigenovym testem od zari 2021 do dubna 2022. Po
porovnani s odpovidajicim kontrol, 139 321 (60,3 %) z 231 181
pripadu zistalo k analyze.

Expozice Dvoudavkové ockovaci schéma mRNA-1273, BNT162b2 a
BBIBP-CorV.

o N4

Hlavni vysledek méii infekci SARS-CoV-2 a timrti souvisejici s
covid-19. K odhadu pravdépodobnosti infekce SARS-CoV-2 mezi
dvéma davkami o¢kovanymi a neo¢kovanymi acastniky byla pouzita
podminéna logisticka regrese. U¢innost vakeiny byla odhadnuta jako
(1—pomeér pravdépodobnosti) x 100 %.

Vysledky Odhadovana acinnost vakeiny proti infekci SARS-CoV-2
byla 61,2 % (95% interval spolehlivosti 56,4 % az 65,5 %) u déti a
66,8 % (63,9 % az 69,5 %) u dospivajicich béhem delta dominantniho
obdobi a 15,9 % (13,2 % na 18,6 %) a 26,0 % (23,2 % na 28,8 %), kdyz
byl dominantni omikron. Ué¢innost vakeiny v priibéhu ¢asu klesala,
zejména béhem omikronového obdobi, z 37,6 % (34,2 % az 40,8 %)
za 15—30 dni po o¢kovani na 2,0 % (1,8 % az 5,6 %) po = 60 dnech u
détiaz 55,8 % (52,4 % az 59,0 %) az 12,4 % (8,6 % az 16,1 %) u
adolescentt.

Uéinnost vakeiny proti tmrti souvisejicim s infekei SARS-CoV-2
béhem omikronové prevahy byla 66,9 % (6,4 % az 89,8 %) u déti a
97,6 % (81,0 % az 99,7 %) u dospivajicich.

Zavéry Uéinnost vakeiny v prevenci tmrtnosti ziistala vysoka u déti
a dospivajicich bez ohledu na cirkulujici variantu. Uéinnost vakeiny v
prevenci infekce SARS-CoV-2 byla kratkodobé po o¢kovani nizsi
béhem omikronové prevahy a v pritbéhu ¢asu prudce klesala.
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Registrace zkuSebni verze Narodni registr zdravotnického
vyzkumu IS003720.
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Uvod

Celosvétova ockovaci strategie proti covid-19 zmeénila vyvoj
pandemie. Pozoruhodné bylo sniZzeni nemocnosti a mortality u
dospélych, kteri byli prvni prioritni populaci vzhledem k jejich
vysoké timrtnosti. Na rozdil od této populace je infekce v détstvi a
dospivani obvykle mirn4, i kdyz byly hlaseny i zavazné pripady s
nasledky (napriklad multisystémovy zanétlivy syndrom) a dokonce s
fatalnimi nasledky, zejména u pacientii s komorbiditami. 1 V
Argentiné byla détska populace testovdna molekularnimi metodami
(napriklad reverzni transkrip¢ni polymerazovou retézovou reakei
(RT-PCR)) a imunochromatografickymi testy (napriklad rychlym
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antigenovym testem) ( obr. 1, nahore) a predstavovalo asi 8 % z
celkového poctu potvrzenych pripadt s imrtnosti 0,05 %. 2 Srovnani
ucinnosti podle diagnostické metody pro tuto populaci nejsou k
dispozici.
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Obr. 1

Horni panel: pripady incidentii a mira pozitivity na covid-19 podle
roku, epidemiologického tydne a typu testu. Stredni panel:
proockovanost podle roku a epidemiologického tydne podle vékové
skupiny a aplikované davky. Spodni panel: rozlozeni cirkulujicich
variant SARS-CoV-2 podle roku a epidemiologického tydne. Tydny
37-52 2021 a 1-16 2022. Ag=antigen; PCR = polymerazova retézova
reakce. Svisla teckovana ¢ara oznacuje zménu prevahy variant z delta
na omikron

Bez ohledu na to, ze o¢kovani v této vékové skupiné vyvolalo cetné
diskuse, bylo doporuceno mezinarodnimi védeckymi spolecnostmi,
jako je Americki akademie pediatri v kvétnu 2021 a argentinska
Narodni technicka poradni skupina pro imunizaci (NITAG). 34V
roce 2022 navic Svétova zdravotnicka organizace stanovila, zZe
navzdory skutec¢nosti, Ze nejde o prioritni skupinu, 5 by mélo byt
dosazeno pokroku u pediatrické populace v zemich s vysokou
proockovanosti dospélych. Oc¢kovani by melo smérovat nejen k
individualnimu, ale i kolektivnimu prospéchu, protoze by slouzilo ke
zvySeni celkové imunity populace a ke snizeni globalniho prenosu.

V Argentiné meéla strategie ockovani proti covid-19 za cil postupné a
progresivné ockovat 100 % prioritni populace. Priorita byla
stanovena podle rizika zavaznosti onemocnéni, rizika expozice a
socialni zranitelnosti. Na zakladé doporuceni NITAG bylo v druhé
poloviné roku 2021 zahajeno ockovani dospivajicich ve véku 12 az 17
let, a to vakcinami mRNA-1273 (Spikevax, Moderna) a BNT162b2
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(Comirnaty, Pfizer-BioNTech), po nichz nasledovaly déti ve véku od
3 do 11 let, kteri byli o¢kovani BBIBP-CorV (Sinopharm) ( obr. 1,
uprostred). 6 78 9

Ackoli systematicky prehled zjistil, Ze zemé s nizkym strednim
prijmem mohou mit vétsi podil détskych imrti v diisledku covid-19
nez zeme s vysokymi prijmy, 10 diikazli o G¢innosti o¢kovani,
zejména pri prevenci imrtnosti u déti a dospivajicich, je vzacné. 11 12
1314 Nékteré studie hodnotily i¢innost vakciny pro inaktivované
vakciny, ale pouze jedna zahrnovala BBIBP-CorV a pouze dvé
uvadeély tcinnost v prevenci infekce u déti mladsich 5 let. 1516 17
18Studie, ktera hodnotila tcinnost vakciny BBIBP-CorV u déti, byla
provedena v provincii Buenos Aires (Argentina) a odhadla, ze
ucéinnost vakciny v prevenci hospitalizace u déti ve véku 3—11 let byla
76,4 % (95% interval spolehlivosti 62,9 % az 84,5 %). . Tato studie
vSak nehodnotila i¢innost pro prevenci infekce nebo iimrtnosti nebo
ztraty i¢innosti v pribéhu casu. 17

Kromeé toho, ackoli nékolik studii uvadélo v priibéhu ¢asu pokles
ucinnosti vakciny BNT162b2 u déti nebo dospivajicich, existuje jen
malo diikazii o zménach Gc¢innosti u inaktivovanych vakein nebo o
rozdilech souvisejicich s variantami SARS-CoV-2. Kromé toho,
navzdory skutec¢nosti, Ze studie o G¢innosti vakein covid-19 obvykle
zahrnuji pripady diagnostikované jak pomoci RT-PCR, tak pomoci
rychlych antigennich testti, nejsou k dispozici srovnani ac¢innosti
podle diagnostické metody pro détskou populaci.

Proto bylo cilem této studie vyhodnotit i¢innost dvou davkovacich
schémat vakcin mRNA-1273, BNT162b2 a BBIBP-CorV v prevenci
infekce SARS-CoV-2 a imrti souvisejicich s covid-19 u déti a
dospivajicich ve véku 3 let. -17 let, béhem obdobi prevahy delty a
omikronu BA.1 mezi zarim 2021 a dubnem 2022 v Argentin€. Dale
jsme se zameérili na posouzeni efektu diagnostické metody pouzivané
pro odhad acinnosti vakeiny, tiéinnosti riiznych kombinaci mRNA
vakein a kratkodobého poklesu imunity u déti a dospivajicich.
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Metody

Studujte populaci, prostredi a design

Tato studie se ridila negativnim testem, pripad-kontrola. Tyto navrhy
se pokouseji zajistit kontrolu nad zmatky v disledku rozdilného
zjistovani pripadu, pristupu k péci a chovani pri hledani zdravi. Jsou
povazovany za dostate¢né silné, aby odhadly acinnost vakein a byly
Siroce pouzivany pro tento ucéel u SARS-CoV-2, chripky a dalSich
vird. 19 20

Argentina zahéjila ockovani dospivajicich (ve véku 12—17 let) v srpnu
2021 a malych déti (ve véku 3—11 let) v fijnu 2021. VSichni tcastnici
ve véku 3 az 17 let, kteri byli testovani na SARS-CoV-2 mezi 12. zarim
2021 a 23. dubna 2022 (s ohledem na obdobi delta prevahy do 25.
prosince 2021 a obdobi prevahy omikronii od té doby) ( obr. 1, dole),
bez predchoziho pozitivniho testu od 1. ¢ervna 2021, byly zptisobilé
pro zarazeni ( obr. 2). Analyzy jsme omezili na Gcastniky, kteri
vyhledavali RT-PCR nebo testovani antigenu ve zdravotnickych
zarizenich nebo testovacich centrech. Do studie jsme zahrnuli
ucastniky pouze jednou, at uz jako pripad nebo jako kontrolu. Prvni
pozitivni test ve sledovaném obdobi byl povazovan za zarazeni jako
pripad do primarni analyzy, bez ohledu na pocet predchozich
negativnich testli. Kontrolni byli ti Gicastnici, kteri byli v obdobi
studie testovani pouze negativné a byli vybrani v den svého prvniho
testu. Abychom vyhodnotili G¢innost vakeiny proti amrtnosti spojené
s covid-19, zahrnuli jsme jako pripady pouze ty ii¢astniky, kteri byli
pozitivné testovani v kratké dobé pred smrti. Narodni
epidemiologické oddé€leni navic vyhodnotilo kazdy pripad s
prislusnym odborem epidemiologie, aby potvrdilo pricinu smrti.
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Covid-19 tests in 3-17 year old population from 1 June 2021 to 23 April 2022

}

Included after filtering one test per participant

!

Included after filtering data from 12 September 2021
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Cases Controls Cases Controls

19973 Unvaccinated

10404 Received one dose*

40528 Received two doses*
1651 Received three doses*
7402 Other statust

}

Matched to a control
16 532 Unvaccinated
8230 Received one dose*
28317 Received two doses*
1344 Received three doses*
5787 Other statust

151866 Unvaccinated
43508 Received one dose*
100016 Received two doses*
5522 Received three doses*
40 489 Other statust

!

Matched to a case
13 686 Unvaccinated
8132 Received one dose*
30656 Received two doses*
1293 Received three doses*
6443 Other statust

28735 Unvaccinated

20602 Received one dose*

89 844 Received two doses*
624 Received three doses*

11 418 Other statust

}

Matched to a control
16 440 Unvaccinated
10717 Received one dose*
45092 Received two doses*
514 Received three doses*
6348 Other statust

90 496 Unvaccinated
38028 Received one dose*
103 783 Received two doses*
3140 Received three doses*
36 431 Other statust

}

Matched to a case
13 547 Unvaccinated
10862 Received one dose*
46 901 Received two doses*
604 Received three doses*
7197 Other statust

Obr. 2

Vyvojovy diagram studované populace. RT-PCR = polymerazova
retézova reakce s reverzni transkripci. *Minimalné 14 dni mezi
posledni davkou a testem. TMezi 1 a 14 dny od jakékoli davky do
testovani; nekonzistence dat

Stahnout obrazek
Otevrit na nové karté
Stahnéte si aplikaci powerpoint

Zdroje dat a definice

Studie pouzivala data epidemiologického dozoru z Narodniho
systému dozoru (SNVS 2.0), pri¢emz byla zachovana diivérnost
ucastniki podle Helsinské deklarace a mistnich predpisi. Hlaseni
podezreni na covid-19 a jejich potvrzeni a vysledky provadéli
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certifikovani uzivatelé (odbornici, technici, spravni a zdravotnické
urady 24 okresii) z podsektorii verejné zdravotnictvi, soukromé
zdravotnictvi a socialni zabezpeceni. Pro matriku tmrti kazdy okres
systematicky kontroloval a ovéroval tidaje z jinych zaznamu o
umrtich, jako jsou urady zivotné dilezitych zaznami (idaje z
umrtnich listl1), nemocnice a pohrebni spole¢nosti. Tato data byla
zaClenéna do SNVS 2.0. Informace o vakcinach byly hlaseny v
Nominalizovaném federalnim registru o¢kovani (NOMIVAC), vcetné
data oc¢kovani vSech o¢kovanych tcastnikl, po¢tu davek, typu
vakeiny a o¢kovaciho centra. Postupovali jsme podle kontrolniho
seznamu STROBE.21

Déti ve véku 3—11 let jsme povazovali za plné ockované, pokud
dostaly dvé davky BBIBP-CorV a druhou davku dostaly minimalné 14
dni pred testovanim. Dospivajici ve véku 12—17 let jsme povazovali za
plné ockované, pokud dostali dvé davky homologniho nebo
heterologniho schématu s BNT162b2 a/nebo mRNA-1273 a druhou
davku dostali minimalné 14 dni pred testovanim. Jedinci, kteri
nesplnovali tato kritéria, byli zahrnuti do analyz v tomto ¢lanku ve
trech dalSich kategoriich: ti, kteri dostali pouze jednu davku
minimalné 14 dni pred testovanim (castec¢né ockovani), ti, kteri
dostali tri davky se stejnym minimalnim intervalem, a dalsi. Treti
kategorie zahrnuje ty, kteri byli ockovani dva tydny pred testem, ti,
kteri dostali jinou vakcinu, a osoby s nekonzistentnimi nebo
nedplnymi tdaji o ockovani. Informace o variantach nebylo mozné
zjistit na individualni Grovni a pri analyze nasich vysledkii jsme
pouzili prevladajici variantu z dat ze sledovani.

Vysledky

Primarnim vysledkem této studie byla infekce SARS-CoV-2
potvrzena testovanim antigenu nebo RT-PCR. Sekundarnim
vysledkem bylo tmrti souvisejici s infekci SARS-CoV-2.

Statistické analyzy
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We matched cases and controls one to one on province of residence,
week of testing, type of test (antigen or genomic), presence of
comorbidities, sex, and age (+1 year). Ties during matching were
automatically and randomly resolved by the algorithm. Matching
improves statistical efficiency in case-control studies and yields
unbiased estimates when a model accounting for matching, such as
conditional logistic regression, is used. The effect of the matching
factors on the outcome cannot be estimated in matched sets and thus
is a considerable disadvantage of matching. To compare
characteristics between cases and test negative controls, we did
descriptive analyses for the unmatched and matched cohorts. P
values shown refer to Student’s t test, Mann-Whitney U test, or
Kruskal-Wallis rank sum test for differences in numerical variables
or ¥ tests for proportions.

We used conditional logistic regression to compare the odds of
SARS-CoV-2 infection as a function of vaccination status, taking the
matching pairs into consideration. We estimated vaccine
effectiveness as (1—odds ratio)x100% and presented it with its
corresponding 95% confidence interval by using the profile
likelihood method. We estimated the same intervals by using
bootstrapping as a robustness analysis. We created 1000 resampled
datasets of matched case-control pairs. The total number of
participants in each sample was equal to that of the original dataset
(or the subset, for subgroup analysis), but differences within datasets
were due to allowing replacement when sampling. For each of these
datasets, we fitted a conditional logistic regression model and
calculated vaccine effectiveness as in the main analysis. We
calculated bootstrapping based vaccine effectiveness by taking the
mean of the 1000 resampled datasets and defined its confidence
interval limits as the empirical centiles 0.25 and 97.5.

We classified vaccination status in different levels depending on the
subanalysis. The unvaccinated group was the selected reference
group in all the analyses. Other levels of the vaccination status
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variable refer to participants who were partially vaccinated (at least
14 days between first dose and test), those who received three doses,
and others (details in Data sources and definitions). The level of
interest of this study is the fully vaccinated group with at least 14
days between their second dose and the diagnostic test.

We did several subanalyses. Firstly, we split data according to the
study period (on 25 December 2021) considering the change in the
dominant variant (from delta to omicron). In the last week of the
delta period, 68.2% of cases were identified as due to delta and 31.7%
as due to omicron. During the first week of the omicron period,
79.2% of the studied cases were assigned to this variant.22 For a
second subanalysis, we used another split in age subgroups (3-11 and
12-17 years).

Seeking evidence of waning immunity, in a third subanalysis we
divided the fully vaccinated group into four levels according to the
time between their second dose and the test (15-30, 31-45, 46-60,
>61 days). For a fourth subanalysis, we split the same level to assess
vaccine effectiveness by product in the adolescent subpopulation,
with all possible combinations of BNT162b2 and mRNA-1273
vaccines against both variants.

Fifthly, we did three sensitivity analyses. We assessed the effect of
the type of test in the estimation by doing a subanalysis estimating
RT-PCR and antigen based vaccine effectiveness separately. We
fitted a linear regression model and used the non-parametric Mann-
Whitney-Wilcoxon test to assess whether the difference between
estimations was different from zero. For the linear model, PCR based
estimates were the predictor variable and antigen based estimates
were the dependent variable, as most test negative, case-control
studies use PCR tests to assign participants a case status. We then
repeated the main analysis excluding matching pairs in
epidemiological weeks with zero fully vaccinated, to assess how not
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holding the positivity assumption might bias our estimates. Lastly,
we excluded participants who had a previous infection to assess
whether these participants might be biasing our estimates.

Finally, for a fatality analysis, we matched participants with covid-19
associated death one to four to covid-19 negative participants by
using the same matching criteria as the one used in the primary
analysis estimating vaccine effectiveness against SARS-CoV-2
infection. On this second matched case-control group, we estimated
vaccine effectiveness against mortality through an adjusted
conditional logistic regression model.

Data preprocessing was carried out with PostgreSQL (PostgreSQL
Global Development Group). We used R software (R Development
Core Team, version 3.6.1) for all statistical analyses.

Public and patient involvement

This was an unfunded study using routine surveillance data sources.
No patients were involved in setting the research question or the
outcome measures, nor were they involved in developing plans for
design or implementation of the study. No patients were asked to
advise on interpretation or writing up of results. There are no plans
to directly disseminate the results of the research to study
participants.

Results

The initial case-control cohort included 844 460 participants, of
whom 421 359 sought RT-PCR testing and 423 101 were tested with
immunoassays for antigen detection, between 12 September 2021
and 23 April 2022. Those who tested positive (231 181) had a higher
proportion of reported comorbidities (5.2% v 4.9%; P<0.001), were
less likely to be male (47.4% v 50.7%; P<0.001), had sought to be
tested in more advanced epidemiological weeks and were more
frequently tested with antigen detection (65.4% v 44.3%; P<0.001)
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(supplementary table A). Furthermore, they were slightly older
(mean age 11.9 v 10.8 years; P<0.001) and had significant differences
in the regional distribution (supplementary table B).

After matching, 139 321 (60.3%) of 231 181 cases with their
corresponding controls remained for analysis. As a result of exact
matching on presence of comorbidities, sex, type of test, province
(supplementary table C), and week of testing, the distribution of
those variables in cases and controls are equal. Age was matched
with a tolerance of 1 year, yielding non-significant differences
between the two groups (table 1).

Table 1

Population characteristics after matching, by test result and
vaccination status. Values are numbers (percentages) unless stated
otherwise

« View popup
e View inline

The fully vaccinated participants represented 54% (150 966/278 642)
of the matched case study group. Of these fully vaccinated
participants, 73 409 (48.6%) were included as cases and the
remainder as controls. In the 12-17 year old fully vaccinated
subgroup, 86 338/91 108 (94.8%) received a homologous two dose
schedule (64 197 (70.5%) BNT162b2; 22 141 (24.3%) mRNA-1273)
and 4770 (5.2%) received a heterologous one (4197 (4.6%) mRNA-
1273 and then BNT162b2; 573 (0.6%) BNT162b2 and then mRNA-
1273). All children (3-11 years old) included as fully vaccinated
received a two dose schedule of BBIBP-CorV (table 2). The median
time from second dose to test was 66 (interquartile range 40) days
for the 12-17 year old subgroup and 54 (32) days for the 3-11 year old
subgroup.

Table 2

14/39


https://www.bmj.com/highwire/markup/1076864/expansion?width=1000&height=500&iframe=true&postprocessors=highwire_figures%2Chighwire_math

Vaccination schedule and vaccine effectiveness against infection, by
combination and period. Values are numbers (percentages) unless
stated otherwise
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Primary analysis on vaccine effectiveness in preventing infection

Figure 3 shows vaccine effectiveness in preventing infection
according to the predominant variant and age group. Vaccine
effectiveness was considerably higher in all age groups when we
analysed only the period of delta variant predominance. Vaccine
effectiveness was 64.2% (95% confidence interval 61.6% to 66.5%)
for all ages, 61.2% (56.4% to 65.5%) for children (3-11 years), and
66.8% (63.9% to 69.5%) for adolescents (12-17 years). Estimates of
vaccine effectiveness decreased markedly during the period of
omicron predominance. Vaccine effectiveness was 19.9% (18.0% to
21.8%) for all ages, with a slightly higher value in adolescents who
received mRNA based vaccines (26.0%, 23.2% to 28.8%) than in
children who received BBIBP-CorV (15.9%, 13.2% to 18.6%).

Assessment of robustness by means of bootstrapping yielded almost
identical results with narrower confidence intervals (supplementary

table D).

15/39


https://www.bmj.com/highwire/markup/1076867/expansion?width=1000&height=500&iframe=true&postprocessors=highwire_figures%2Chighwire_math

Study Vaccine effectiveness, % Vaccine effectiveness, %

(95% CI) (952 CD

Delta period

All 64.2 (61.6 to 66.5) @

3-11years 61.2 (56.4 to 65.5) -o-

12-17 years 66.8 (63.9 to 69.5) -&-
Omicron period

All 19.9(18.0t0 21.8) L 4

3-11years 15.9(13.2t0 18.6) S

12-17 years 26.0 (23.2 t0 28.8) -&-

0 20 40 60 80
Fig 3

Vaccine effectiveness of two dose schedules against SARS-CoV-2
infection, by age group and study period. CI=confidence interval

Download figure
Open in new tab
Download powerpoint

Waning immunity

As shown in figure 4, during the delta period, vaccine effectiveness
declined according to time since vaccination from 68.4% (64.1% to
72.2%) at 15-30 days to 65.2% (44.0% to 78.4%) at =61 days in
children and from 74.8% (71.3% to 77.9%) to 56.3% (50.2% to 61.7%)
in adolescents (supplementary table E). During the omicron period,
the initial effectiveness was lower and the decline over time was
steeper. Vaccine effectiveness dropped from 37.6% (34.2% to 40.8%)
t0 2.0% (1.8% to 5.6%) in children and from 55.8% (52.4% to 59.0%)
t0 12.4% (8.6% to 16.1%) in the adolescent subpopulation.
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Subanalysis by vaccine type (adolescents)

As shown in table 2, all combinations of mRNA vaccine products
showed similar results in adolescents. During the delta period,
vaccine effectiveness was 70.2% (66.8% to 73.1%) for the
homologous schedule of mRNA-1273 and 64.1% (60.5% to 67.3%) for
BNT162b2. The heterologous schedule of mRNA-1273 then
BNT162b2 yielded a vaccine effectiveness of 66.3% (54.0% to 75.4%),
and that for BNT162b2 then mRNA-1273 was 88.9% (66.1% to
06.4%). In the omicron period, homologous schedules of mRNA-
1273 and BNT162b2 showed a vaccine effectiveness of 17.9% (14.0%
to 21.5%) and 28.1% (25.2% to 30.8%), respectively. Heterologous
schedules showed 40.6% (29.4% to 50.0%) for participants receiving
the BNT162b2 vaccine first and 31.5% (26.3% to 36.4%) for those
who received the mRNA-1273 vaccine first.
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Sensitivity analyses

On the hypothesis that estimations might be affected by the type of
test used to select cases and controls, we analysed the results for RT-
PCR and antigen test based vaccine effectiveness estimates
(supplementary table F). The slope for the linear regression between
RT-PCR and antigen based estimates of vaccine effectiveness was
0.933 (95% confidence interval 0.892 to 0.974), showing that
antigen based vaccine effectiveness estimates tend to be slightly
lower than RT-PCR based estimates, rejecting the null hypothesis
that the slope equals one (P=0.004) (supplementary figure A).
Additionally, we did a Mann-Whitney-Wilcoxon test to assess the
relative width of the confidence interval between the two techniques.
It yielded a non-significant P value of 0.61.

To evaluate how not holding the positivity assumption could affect
our estimations, we did a sensitivity analysis excluding matching
pairs in epidemiological weeks with zero fully vaccinated participants
for each age subgroup. This occurred only during the delta period,
and for both age groups the confidence intervals had a wide overlap
with the results reported in the main analysis (supplementary table
G).

Next, we did a sensitivity analysis excluding participants with
previous infection to evaluate whether our estimates might be biased
due to previously acquired immunity. After exclusion of participants
who fulfilled this criterion, vaccine effectiveness estimates had a wide
overlap with the results reported in the main analysis
(supplementary table H).

Vaccine effectiveness in preventing mortality

Fifty one deaths related to covid-19 were notified among cases, of
which seven occurred in the delta period (all in unvaccinated
participants). Of the 51, 30 were unvaccinated participants (16
children; 14 adolescents), eight were partially vaccinated (three
children; five adolescents), nine were fully vaccinated (six children;
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three adolescents), and four had other status (two children; two
adolescents). Two further deaths were excluded after validation that
the cause of death was not related to covid-19. Following one-to-four
case-control matching, 44 (90%) of 49 deceased participants were
successfully matched (table 3). After adjusting a conditional logistic
regression model, we found that vaccine effectiveness against
mortality in the 3-17 year old group for the two dose schedule was
89.3% (73.9% t0 95.6%). When we considered only the omicron
period, vaccine effectiveness remained high at 88.1% (70.7% to
95.2%). Considering age subgroups, vaccine effectiveness against
death related to SARS-CoV-2 infection during omicron
predominance was 97.6% (81.0% to 99.7%) for adolescents and
66.9% (6.4% to 89.8%) for children.

Table 3
Characteristics of covid-19 related deaths and matched controls.
Values are numbers (percentages) unless stated otherwise

e View popup
e View inline

Discussion

This study provides real world evidence for the effectiveness of
mRNA-1273, BNT162b2, and BBIBP-CorV vaccines in preventing
infection and mortality in children and adolescents in Argentina. To
our knowledge, this is one of the first studies that reports vaccine
effectiveness in children under 5 years old, in addition to evaluation
of mortality and analysis of waning for BBIP-CoV and mRNA-1273
vaccines. Our results suggest that the primary vaccination schedule is
effective in preventing mortality in children and adolescents with
covid-19 regardless of the circulating SARS-CoV-2 variant. Vaccine
effectiveness in preventing mortality in children vaccinated with
BBIP-CoV was lower than in adolescents vaccinated with mRNA
vaccines; however, owing to the scarcity of events, analysis of
mortality by age group yielded results with wide confidence intervals.
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Our estimates also suggest that two doses of vaccine are effective in
preventing SARS-CoV-2 infection in children and adolescents in the
short term. Vaccine effectiveness was considerably higher when delta
was the predominant circulating variant, but a significant decrease
was observed over time, especially during omicron predominance.

Comparison with other studies

By the time of our study, only BBIBP-CorV was indicated in children,
so we could not compare vaccine effectiveness in children by vaccine
type. Evidence is variable taking into consideration that published
studies differ in age groups and time to vaccination periods.
Nevertheless, BNT162b2 vaccine effectiveness in preventing
infection during omicron predominance has been evaluated, with
vaccine effectiveness between 29.4% and 51% being reported.122324
These results are similar to the vaccine effectiveness reported in our
study and in other studies that evaluated inactivated vaccines
(CoranaVac) and reported vaccine effectiveness of 39.8% and
38.2%.1618

In adolescents, we evaluated different vaccine schedules. Compared
with the delta period, vaccine effectiveness during the omicron
period was lower for both evaluated schedules (homologous and
heterologous), in consistency with the literature. A previous study of
immunogenicity in adults in Argentina evaluated heterologous
schedules of adenoviral vectored, inactivated, and mRNA vaccines
and endorsed heterologous vaccination strategies.25 In our study,
which evaluated mRNA-1273 and BNT162b2 vaccines, heterologous
schedules showed a comparable to superior vaccine effectiveness in
comparison with homologous schedules. Nevertheless, further
investigation may be needed to evaluate different vaccine schedules.

In addition, our results are consistent with other published studies
that found high short term protection induced by the primary
vaccination regimen against SARS-CoV-2 infection during the delta
predominance period.262728 However, since the emergence and
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spread of the omicron variant of concern, a reduction in vaccine
effectiveness in preventing infection has been observed in adults and
children.13293031 A population based study in Norway reported that
one and two doses of mRNA vaccine (BNT162b2) in adolescents
protected against infection with the delta variant, reaching an
effectiveness of 91% after the primary vaccination schedule and
declining to 53% for the omicron variant.28 Fowlkes and colleagues
described a decrease in vaccine effectiveness against infection in
adolescents for the primary mRNA vaccine series (BNT162b2) from
87% to 59%, comparing delta and omicron variants.12 In Chile, Jara
and colleagues reported vaccine effectiveness in preventing infection
for a complete schedule of inactivated vaccine (Sinovac’s CoronaVac)
in 6-11 year old children of 75.8% during the delta circulating period.
In another study, Jara and colleagues reported a lower vaccine
effectiveness of 38.2% during omicron circulation for the same
vaccine in 3-5 year old children.1516 Vaccine effectiveness reported
by Jara and colleagues is similar to that observed with BBIBP-CorV
in children in our study.

Available evidence suggests that the vaccine induced immune
response could decrease over time, with a reduction in the
effectiveness of SARS-CoV-2 vaccines in preventing infection,
particularly in the context of the emergence of new variants of the
virus with potential ability to partially evade the host immune
response.3233 Our results highlight not only a decrease in
effectiveness when comparing delta with omicron but also, and
especially during omicron predominance, a significant decrease with
time since vaccination. The decrease observed with BBIBP-CorV in
children in our study is consistent with published evidence. Fleming-
Dutra and colleagues did a test negative, case-control analysis to
evaluate the vaccine effectiveness of BNT162b2 in preventing
infection among children and adolescents during omicron variant
predominance and reported that two months after the second dose
the estimated vaccine effectiveness had declined in both age
groups.34 Similarly, Dorabawila and colleagues concluded that the
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risk of infection and hospital admission was higher in unvaccinated
children and adolescents, although the protection declined over time
from vaccination.30 Sacco and colleagues reported a decrease in
vaccine effectiveness for BNT162b2 in preventing infection over
time, and Klein and colleagues found no evidence of protection for
adolescents aged 12-17 years after receipt of two doses of BNT162b2
>150 days earlier during omicron predominance.2329 In a
Norwegian study, protection against omicron after a complete
primary regimen in adolescents was reduced to 23% from 63 days
post-vaccination, whereas a smaller reduction was documented for
delta.28 Amir and colleagues observed a rapid reduction in
protection against omicron of two doses of mRNA vaccine

(BNT162b2) in adolescents aged 12-15, with an increase in the rate of

confirmed infections from 60 days after the second dose.35 Evidence
of a decrease in vaccine effectiveness after inactivated vaccines is
lacking.

Although the previously cited studies suggest a reduction in vaccine
effectiveness for SARS-Cov-2 infection over time, observational
studies have shown that vaccine effectiveness against severe disease
is higher and more stable. Data from Brazil and Scotland in
adolescents aged 12-17 years during the omicron wave showed a
reduction in BNT162b2 vaccine effectiveness for symptomatic
infection from 98 days after receipt of the primary schedule.
However, protection against hospital admission and death with
covid-19 remained above 80% in the same time interval.36 In
Canada, vaccine effectiveness for two doses of BNT162b2 against
severe disease with omicron in the same age group was 85%, with a
stable trend over time.37 In children, Tan and colleagues reported a
vaccine effectiveness of 82.7% in preventing hospital admission for
BNT162b2.38 For inactivated vaccines, vaccine effectiveness of
59.2% and 64.6% have been reported for prevention of hospital
admission with Sinovac’s CoronaVac.1618
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Our results are consistent with a study conducted in Buenos Aires
Province (Argentina) that reported a two dose vaccine effectiveness
of 78.0% for hospital admission in 3-17 year olds evaluated during
delta/omicron circulation.17 As expected, we found that vaccine
effectiveness for infection was lower and vaccine effectiveness for
mortality was higher than these estimations for protection against
hospital admissions, especially in adolescents. In this study,
estimated effectiveness against hospital admissions was higher when
delta was predominant, although it remained higher than 65%
during the omicron period.17 This study, which took place in an
Argentinian province, was the first one to evaluate vaccine
effectiveness of BBIBP-CorV in children between 3 and 11 years old.
However, it did not evaluate vaccine effectiveness in preventing
infection or mortality or decrease in vaccine effectiveness over
time.17

Our study evaluated vaccine effectiveness in children and
adolescents, including different types of diagnostic tests. Although
statistically significant, the real life implications of these differences
might not be important for public health agents. According to our
results, antigen based estimates tended to be 6.7% lower (P=0.004)
than the PCR based one for the same population and provide results
with a comparable variance. Therefore, the advantages of using
antigen tests alone or in addition to RT-PCR tests in vaccine
effectiveness studies would outweigh the slight differences in
estimations. Tan and colleagues reported differences in vaccine
effectiveness by type of diagnostic test; however, they highlighted
that in disease management protocols, the country included PCR
testing for people with more severe symptoms or coexisting
conditions, so they used PCR results as proxy of increased severity of
illness.38

Strengths and limitations of study
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The study has several strengths. Firstly, the sample size was large
and included all children and adolescents tested and reported to the
National Surveillance System in Argentina during the study period.
Secondly, the high quality of the epidemiological surveillance
(especially for laboratory and mortality data) and vaccination records
used confers robustness to the results.

Limitations of our study include that some information, such as
symptoms and hospital admissions, was incomplete and was
consequently not included in any analysis. Also, as persistent
potential confounders, misclassification, or selection bias might have
been present, we decided to minimise them by matching with strict
criteria on all the available confounders and doing univariate
conditional logistic regression analyses. We also did several
sensitivity analyses to assess the effect of some unmeasured
phenomena. Nevertheless, unobserved confounding might exist and
bias odds ratio estimations. The generalisability of our results is
limited to the subpopulation who had access to testing. Additionally,
as misclassification might have occurred as a result of non-100%
specificity and sensitivity of covid-19 tests, we included a sensitivity
analysis to assess how test related problems might affect the vaccine
effectiveness estimations, which showed that antigen based estimates
of vaccine effectiveness tended to be lower. Other limitations include
that each age group used different vaccines, so any conclusion based
on their differences should not be attributed exclusively to the
vaccine technology or to age related factors. Finally, information
about variants could not be established at an individual level, and we
used the prevalent variant from surveillance data when analysing our
results.

Conclusions

Vaccine effectiveness remained high for preventing mortality in
children and adolescents regardless of the predominant circulating
variant. Vaccines were effective in preventing SARS-CoV-2 infection
in the short term after vaccination, being lower when the omicron
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variant was predominant and decreasing sharply over time.
Heterologous mRNA schedules showed comparable to superior
vaccine effectiveness in comparison with homologous schedules. In
summary, vaccinating children is an important public health
measure that will prevent mortality in this population, especially in
periods of high viral circulation.

What is already known on this topic

« mRNA and inactivated covid-19 vaccines are effective in
preventing severe disease and infection in children and
adolescents in the short term after vaccination, but data on
mortality are lacking

« Waning of protection against infection has been described,
especially for mRNA vaccines, but evidence for inactivated
vaccines in children is limited

What this study adds

e Vaccine effectiveness remained high for preventing mortality in
children and adolescents aged 3-17 years, regardless of the
predominant circulating variant

e Waning of protection against infection was described and
evaluated for both types of vaccines

e Heterologous mRNA schedules showed comparable to superior
vaccine effectiveness in comparison with homologous schedules
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