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Summary
Background Although paediatric clinical presentations of COVID-19 are usually less severe than in adults, serious
illness and death have occurred. Many countries started the vaccination rollout of children in 2021; still, information
about effectiveness in the real-world setting is scarce. The aim of our study was to evaluate vaccine effectiveness (VE)
against COVID-19-associated-hospitalisations in the 3−17-year population during the Omicron outbreak.

Methods We conducted a retrospective cohort study including individuals aged 3−17 registered in the online vacci-
nation system of the Buenos Aires Province, Argentina. mRNA-1273 and BNT162b2 were administered to 12−17-
year subjects; and BBIBP-CorV to 3−11-year subjects. Vaccinated group had received a two-dose scheme by 12/1/
2021. Unvaccinated group did not receive any COVID-19 vaccine between 12/14/2021 and 3/9/2022, which was the
entire monitoring period. Vaccine effectiveness (VE) against COVID-19-associated hospitalisations was calculated as
(1-OR)x100.

Findings By 12/1/2021, 1,536,435 individuals aged 3−17 who had received zero or two doses of SARS-CoV-2 vaccines
were included in this study. Of the latter, 1,440,389 were vaccinated and 96,046 not vaccinated. VE were 78.0%
[68.7−84.2], 76.4%[62.9−84.5] and 80.0%[64.3−88.0] for the entire cohort, 3−11-year (BBIBP-CorV) subgroup and
12−17 (mRNA vaccines) subgroup, respectively. VE for the entire population was 82.7% during the period of Delta
and Omicron overlapping circulation and decreased to 67.7% when Omicron was the only variant present.

Interpretation This report provides evidence of high vaccine protection against associated hospitalisations in the
paediatric population during the Omicron outbreak but suggests a decrease of protection when Omicron became
predominant. Application of a booster dose in children aged 3−11-year warrants further consideration.

Funding None.
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Introduction
Vaccines against SARS-CoV-2 have proven to be a
critical tool for controlling the COVID-19 pandemic.
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Studies of vaccine efficacy, safety and real-world effec-
tiveness have been published.1 However, the emer-
gence of the highly transmissible Omicron (B.1.1.529)
variant of concern (VOC), which has been able to par-
tially avoid the immune response achieved after vacci-
nation or natural infection, has caused an increase of
COVID-19 cases worldwide.2,3 Recent studies have
shown that vaccine effectiveness (VE) could be
lower against Omicron.4−6 Omicron was isolated in
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Research in context

Evidence before this study

There is limited evidence on the effectiveness of vac-
cines in the paediatric population, particularly in chil-
dren aged 3−11 years after the SARS-CoV-2 B.1.1.529
(Omicron) variant’s emergence.

We searched preprint and peer-reviewed published
articles in PubMed, medRxiv, and SSRN for observational
studies, with no language restrictions, using the term
“COVID-19 OR SARS-CoV-2” AND “vaccine effectiveness”
OR “vaccine impact” AND “children” OR “paediatric” AND
“Omicron” published between December 1, 2021, and
April 1, 2022. We found 4 studies that included subjects
in the 3−17-year population who received a two-dose-
scheme of any of the available vaccines¡according to
each country’s authorisation. Three studies were from the
US; two were test-negative-case-control studies and one
was a retrospective non-peer-reviewed cohort study. The
reported vaccine effectiveness (VE) for 2-doses of
BNT162b2-mRNA (Pfizer-BioNTech) in preventing hospital-
isations during Omicron predominance was 48−78%; and
it was 40−92% for 5−11 and 12−17-year subgroups,
respectively. The fourth was a cohort study still in preprint
form conducted in Chile, which utilized an inactivated
vaccine, CoronaVac (SinoVac), widely used in Latin-Amer-
ica. VE for two doses of CoronaVac in the 3−5-year sub-
group against hospitalisations was 64% and 69% against
ICU admissions.

Added value of this study

Up to date, there are no published studies about the
effectiveness of the BBIBP-CorV vaccine against hospi-
talisation in the paediatric population. Additionally,
there are no real-world studies from low and middle-
income countries about VE in the 12−17 aged popula-
tion during the Omicron outbreak.

This study shows that VE after 14 days or more from
two-dose-scheme was 78.0% [68.7−84.2], 76.4% [62.9
−84.5] and 80.0% [64.3−88.0] for the 3−17-year entire
group, and for 3−11-year (BBIBP-CorV) and 12−17-year
(mRNA vaccines) subgroups, respectively. VE for the 3
−17-year entire group was 82.7% during the period of
Delta and Omicron overlapping circulation and decreased
to 67.7% when Omicron was the only variant present.
These effects were consistent across all subgroups.

Implications of all the available evidence

Our results provide evidence of high vaccine protection
against COVID-19 associated-hospitalisations in the pae-
diatric population during the Omicron outbreak, but
suggest a decrease of protection when Omicron
became predominant. Application of a booster dose in
children aged 3−11 warrants further consideration.
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Argentina in the last week of November 2021; and
from the third week of December, it has rapidly
gained predominance.7
Although paediatric clinical presentations of COVID-
19 are usually less severe than in adults, serious illness
and the Multisystem Inflammatory Syndrome (MIS-C)
have occurred in children after the primary infection.8

In addition, during the last COVID-19 wave, the rate of
COVID-19-associated hospitalisations in children in the
United States, South Africa and Hong Kong is notably
higher in comparison to hospitalisations occurring in
the Delta period.9−12

Following publication of phase 2 and 3 studies dem-
onstrating the safety and efficacy of the different vac-
cines, the Emergency Use Authorization (EUA) for the
3−17 age groups was approved by different international
health organisations.13−17

Argentina started vaccination rollout in the adoles-
cent subpopulation in August 2021 with mRNA-1273
(Spikevax) from Moderna and BNT162b2 (Comirnaty)
from Pfizer-BioNTech. Argentina was also one of the
first countries to introduce paediatric COVID-19 vacci-
nation in the group of 3−11-year-old children in October
2021 with BBIBP-CorV (Sinopharm) from the Beijing
Institute of Biological Products.18 As of March 9 2022,
1,487,859 children and 1,279,170 adolescents have been
fully vaccinated in the Province of Buenos Aires, which
is equivalent to 57% and 80% of the 3−11-year and
12−17-year of the total population, respectively.

Information about vaccine effectiveness from real-
world studies of the paediatric population is scarce,
especially in children younger than 12.19−23 Addition-
ally, data on real-world effectiveness of BBIBP-CorV, an
inactivated vaccine, is not available in the paediatric pop-
ulation. Recently, four studies about vaccine effective-
ness of BNT162b2 (Pfizer-BioNTech) and Coronavac
(Sinovac) carried out in 3−11-year-old children during
the Omicron period demonstrated that COVID-19 vac-
cines elicited less protection in the younger group and
exhibited faster waning.24−27

The aim of this study is to evaluate the effectiveness
of COVID-19 vaccines authorised in Argentina against
hospitalisations in 3−17-year-old children and adoles-
cents in Buenos Aires Province during the Omicron
outbreak. Our hypothesis is that the two-dose-scheme of
vaccination in this age group is associated with lower
incidence of hospitalisations.
Methods

Study design and participants
This is a retrospective cohort study aimed at determin-
ing the effectiveness of the COVID-19 vaccines against
COVID-19-associated-hospitalisations in children and
adolescents in the Province of Buenos Aires, Argentina.

To address the vaccination campaign against
COVID-19, the Ministry of Health developed its own
registration system (Vacunate PBA). Registration is vol-
untary and can be carried out via Android and IOS
www.thelancet.com Vol 13 September, 2022
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applications, or through a specially designed website. To
receive a vaccine, province residents need to register
their age, gender, occupation, and underlying condi-
tions.

Vaccine information reported in the Vacunate PBA
included date of vaccination, number of doses, type of
vaccine, vaccine lot number, and vaccination centre. In
Argentina, perceived gender can be adopted without age
restrictions.

Additional information about COVID-19 confirmed
cases (by laboratory testing, epidemiological and/or clin-
ical criteria), hospitalisations, and deaths of subjects
included in the present study was obtained from the
National System of Health Surveillance, up to March 9,
2022. Further data was added by the Bed Management
System, a province-level monitoring system for hospital
admission, discharge and death.

Vaccination rollout developed according to the vac-
cine authorisations issued by the National Ministry of
Health and prioritising individuals with higher risk of
COVID-19. Consequently, the campaign first targeted
individuals with comorbid conditions, beginning with
the older subgroup; finally, healthy kids were vacci-
nated. Argentina initiated the immunisation of adoles-
cents in August 2021 with mRNA vaccines (mRNA-
1273 from Moderna and BNT162b2 from Pfizer-BioN-
Tech). Three to eleven-year-old children began vaccina-
tion with BBIBP-CorV, an inactivated vaccine, on 13
October 2021.18

The primary vaccination scheme consisted of 2 doses
with a 21- or 28-day interval in immunocompetent sub-
jects, and 3 doses with a 28-day interval in immunocom-
promised children.

The COVID-19 vaccine uptake by age group is shown
in the Supplementary Material.

Inclusion criteria for the study were: age between 3
and 17 years, registration in Vacunate PBA by 1 Decem-
ber 2021 to receive COVID-19 vaccine, and residence in
the Province of Buenos Aires. The vaccinated group had
to have the vaccination two-dose scheme by 1 December
2021; and should not have received a third or a booster
dose. The unvaccinated group did not receive any
COVID-19 vaccine during their monitoring period. Sub-
jects receiving a different vaccine from the one corre-
sponding to their age group were excluded.

The monitoring period started on 14 December 2021
and ended 14 days after the date of the positive SARS-
CoV-2 laboratory test, or on the date of the case confir-
mation by clinical and/or epidemiological criteria. The
date of confirmed-SARS-CoV-2 infections was identified
by the symptom-onset date or, if not available, the date
of the sample collected for COVID-19 test. For subjects
with no positive diagnosis for COVID-19, monitoring
ended on 9 March 2022, the last day of the database
update.

The primary outcome measure was the proportion of
the study participants with COVID-19-associated
www.thelancet.com Vol 13 September, 2022
hospitalisation occurring within 14 days of confirmed
SARS-CoV-2. Because of the low rate of hospitalisations
in the paediatric population, any admission to moderate
or intensive care units were included as a single
outcome.

Finally, we assessed vaccine effectiveness (VE) dur-
ing a period coinciding with overlapping circulation of
B.1.617.2 (Delta) and B.1.1.529 (Omicron) (14 December
2021−18 January 2022) and Omicron-predominant
period (19 January−9 March 2022). The National Min-
istry of Health’s genomic surveillance strategy has
focused on detecting VOCs through laboratory-
confirmed SARS-CoV-2 infections by RT-PCR selected
for regular surveillance of circulating variants in the
general population, serious or unusual clinical presenta-
tions, vaccinated individuals, suspected cases of reinfec-
tion and travellers.7
Vaccine authorisation. BBIBP-CorV of Beijing Institute
of Biological Products was authorised for emergency
utilisation in adults by the National Ministry of Health
in February 2021 (report number 688/2021) after rec-
ommendation of the National Administration for
Drugs, Food and Technology. On 1 October 2021 the
authorisation was extended for the use in children older
than 3 years. mRNA-1273 (Spikevax) from Moderna and
BNT162b2 (Comirnaty) from Pfizer-BioNTech were
authorised for the use in adolescents (12-17 years) from
23 July and 28 May 2021 respectively by the Committee
for Medicinal Products for Human Use (CHMP) from
European Medicines Agency.
Ethics. The Central Ethics Committee of the Ministry
of Health of the Province of Buenos Aires evaluated and
approved the protocol of the present study on 18 March
2022. The report number is ACTA-2022-07714920-
GDEBA-CECMSALGP.
Informed consent. This study was exempted of
informed consent due to its retrospective nature, and
given it is a public health-related official programme.
Anonymization of data. Data were anonymized by the
following procedure: The personal ID number was used
to link the databases of follow-up and vaccination. After
this process, we removed the personal ID number and
created an ID reference number for each individual.
This reference number is not associated with any per-
sonal information.
Statistical analysis
Age subgroup, gender, previously registered SARS-CoV-
2 infections and presence of comorbid conditions were
expressed as mean § standard deviation and counts and
3
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percentages. The main comparisons were performed
between vaccinated and unvaccinated groups by means
of Chi squared or Student's t-test for independent sam-
ples, as appropriate. Age subgroup, gender, and pres-
ence of comorbid conditions were used as covariates in
adjusted logistic regression models.

A p-value < 0.05 was considered significant.
Vaccine effectiveness was calculated as: (1 −OR) x

100. For the main analysis, we fitted logistic regression
models to obtain unadjusted and adjusted odds ratios
(OR) and their respective CI95% for COVID-19-associ-
ated hospitalisations between vaccinated and unvacci-
nated subjects. Different adjustments were assessed
using the Akaike Information Criterion (AIC). The final
adjusted model included age (3−11 and 12−17 age sub-
groups), comorbid conditions, and gender as binary
covariates. Further sub-analyses were assessed by strati-
fying the cohort by each binary variable. Another sub-
analysis excluding those subjects with registered SARS-
CoV-2 previous infection was performed. Differences in
OR for hospitalisation between subgroups (3−11 years
old against 12−17 years old, males against females,
subjects with against subjects without comorbidities)
were evaluated statistically with pairwise comparisons.
Assuming normal distribution of the natural logarithm
(ln) of the OR, Student’s t-tests for the difference
between the in (OR) were conducted.

Data pre-processing was carried out with Post-
greSQL (Portions Copyright � 1996−2022, The Post-
greSQL Global Development Group). All statistical
analyses were performed with R (R Development Core
Team, 3.6.1 version) software. Open-source code for per-
forming statistical analysis is available on github
(https://github.com/MarsicoFL/Vactools).

Role of the funding source: This study did not
receive any fundings.
Results
By 1 December 2021, 3,093,932 subjects aged 3−17 years
registered in Vacunate PBA; 1,536,435 who had received
zero or two doses of SARS -CoV-2 vaccines were
included in this study. Of the latter, 1,440,389 were vac-
cinated and 96,046 not vaccinated, providing a 15:1
ratio. The flowchart of the study is shown in Figure 1.

The increasing prevalence of Omicron together with
the number of infections and hospitalisations by SARS-
CoV-2 over the study period are shown in Figure 2 a-c.
Of note, since epidemiological week 4 there was no cir-
culation of Delta VOC (B.1.617.2). Regarding the Omi-
cron sub-lineage, BA.1 and BA.1.1 prevailed, while BA.2
represented less than 0.5% of the samples.12

Characteristics of the entire group and comparisons
between vaccinated and unvaccinated subjects are
shown in Table 1. The vaccinated cohort was slightly
older (11.7 years old vs 9.7, p < 0.001), had lower propor-
tion of males (49.8% vs 53.6%, p < 0.001), higher
percentage of subjects with comorbid conditions (17.8%
vs 10.0%, p < 0.001) and lower proportion of subjects
with previously registered SARS-CoV-2 infection (0.1 vs
0.1%, p = 0.031) than the unvaccinated.

In the 3−11 age (BBIBP-CorV) subgroup, 630,908
(91.5%) were vaccinated and 58,644 (8.5%) remained
unvaccinated. The vaccinated children were older (7.7 vs
6.5, p < 0.001), more frequently male and had a higher
incidence of comorbidities. The proportion of previously
infected children was similar between those vaccinated
and unvaccinated.

With respect to the 12−17 age (mRNA vaccines) sub-
group, 809,481 (95.6%) subjects were vaccinated and
37,402 (4.4%) remained unvaccinated. The vaccinated
group was slightly older and predominantly female.
Comorbid conditions were remarkably more frequent
compared to the unvaccinated (23.3 vs 12.2 p < 0.001).
The proportion of previously infected subjects was lower
in the vaccinated group.

Days from vaccination to the end of follow-up period
were 114 (§17) for the entire group, and 110 (§19) and
120 (§26) for the 3−11 age (BBIBP-CorV) and 12−17
age (mRNA vaccines) subgroups, respectively.

There were 43,787 COVID-19 confirmed cases out of
1,536,435 children and adolescents registered in Vacu-
nate PBA (2.8%). Of these, 3335 out of 96,046 (3.4%)
were unvaccinated and 40,452 out of 1,440,389 (2.8%)
were vaccinated.

Regarding hospitalisation, there were 44 hospitalisa-
tions in the infected unvaccinated subgroup and 154 in
the infected vaccinated subgroup (1.32% vs 0.38%; p <
0.001). One child (0.03%) was admitted to the ICU in
the infected unvaccinated subgroup and 6 children
(0.01%) in the infected vaccinated subgroup. The only
death registered occurred in the unvaccinated subgroup.
Cumulative-incidence curves of COVID-19-associated
hospitalisation for the entire cohort and for age sub-
groups are illustrated in Figure 3a and 3b, respectively.

We found that the effectiveness of the vaccination
against COVID-19-associated hospitalisations adjusted
for age group, gender and presence of comorbid condi-
tions was 78.0% [68.7−84.2]. These values, together
with crude effectiveness, are shown in Table 2.

Vaccination was effective against hospitalisations
across all subgroups analysed.

Effectiveness for the 3−11 age (BBIBP-CorV) sub-
group was 76.4% [62.9−84.5] and 80.0% [64.3−88.0]
for the 12−17 age (mRNA vaccines) subgroup. Crude
and adjusted VE for subgroups of age, gender, and pres-
ence or not of comorbidities are shown in Table 3 and
Figure 4. When subjects with previously documented
SARS-CoV-2 infections were excluded, vaccine effective-
ness was 68.3 [54.6−77.5] (adjusted) and 70.6 [58.1−79.0]
(crude), comparable to results in the primary analysis.
(Table 3 and Figure 4). Wald-test for age as a continuous
variable yielded a p-value of 0.14 for the 3−11 age-
(BBIBP-CorV) subgroup sub model, and 0.23 for the
www.thelancet.com Vol 13 September, 2022
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Figure 1. Flowchart of the study.
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12−17 sub model, failing to reject the null hypothesis.
This indicates no significant effects when considering age
differences within age subgroups; therefore, this variable
was not included in the final model.

Crude and adjusted VE for the entire population and
age subgroups decreased in the entire population dur-
ing the Omicron period, compared to the previous
period. (Table 4). When VE was analysed by age sub-
group, it decreased in the 3−11-year subgroup but
remained similar in the adolescents (Table 5).
Discussion
This study in real-world settings demonstrates that pae-
diatric vaccination, 14 days or more from two-dose-
www.thelancet.com Vol 13 September, 2022
scheme, prevented 78.0% of COVID-19-associated hos-
pitalisations during the Omicron outbreak in the Prov-
ince of Buenos Aires, Argentina. VE for the 3−11 age
(BBIBP-CorV) and 12−17 age (mRNA vaccines) sub-
groups was 76.4% and 80.0%, respectively. VE for the
entire population was 82.7% during the period of Delta
and Omicron overlapping circulation and decreased to
67.7% when Omicron was the only variant present.
These results are consistent with recent studies con-
ducted in similar age groups. 24-27

VE against hospitalisation, ICU admission and death
in vaccine clinical trials and in subsequent real-world
studies conducted in the paediatric population, includ-
ing previous variants of SARS-COV-2, was higher than
90%.14-17,22,23 However, since the identification of
5



Figure 2. Characteristics of the COVID-19 pandemic in Argentina and the Province of Buenos Aires. A) Circulating SARS-Cov-2
variants in Argentina. B) Confirmed COVID-19 cases by epidemiological week. C) COVID-19 associated hospitalisations by epidemio-
logical week.
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Omicron VOC, new data has become available reporting
a significant reduction of the immune sera neutralising
capacity of vaccinated or infected subjects with this vari-
ant compared to previous ones.2,3 Surveillance reports
in the adult population from the UK during the Omi-
cron breakout indicate that after a two-dose-scheme, VE
against hospitalisation plummeted from 65% to 85%
within 3 months of vaccination to 30−35% after 6
months. By contrast, during Delta’s predominance, VE
against hospitalisations fell from 95−99% to 70−85%
in a similar period.28

Regarding safety issues, the special report of the Vac-
cine-Preventable Diseases Control Committee (DiCEI)
together with the National Commission of Vaccine
www.thelancet.com Vol 13 September, 2022



O
ve

ra
ll
p
op

ul
at
io
n

3−
11

ye
ar
s

12
−
17

ye
ar
s

p-
va

lu
e

O
ve

ra
ll

(n
=
1,
53

6,
43

5)
U
n
va

cc
in
at
ed

(n
=
96

,0
46

)
V
ac
ci
n
at
ed

(n
=
1,
44

0,
38

9)
p-
va

lu
e

O
ve

ra
ll

(n
=
68

9,
55

2)
U
n
va

cc
in
at
ed

(n
=
58

,6
44

)
V
ac
ci
n
at
ed

(n
=
63

0,
90

8)
p-
va

lu
e

O
ve

ra
ll

(n
=
84

6,
88

3)
U
n
va

cc
in
at
ed

(n
=
37

,4
02

)
V
ac
ci
n
at
ed

(n
=
80

9,
48

1)
p-
va

lu
e

A
ge

in
ye
ar
s

11
.6
(4
.1
)

9.
7
(4
.6
)

11
.7
(4
.0
)

<
0.
00

1
7.
6
(2
.4
)

6.
5
(2
.6
)

7.
7
(2
.4
)

<
0.
00

1
14

.8
(1
.6
)

14
.7
(1
.7
)

14
.8
(1
.6
)

<
0.
00

1
<
0.
00

1

M
al
e
(%

)
76

91
70

(5
0.
1)

51
,4
59

(5
3.
6)

71
77

11
(4
9.
8)

<
0.
00

1
34

88
57

(5
0.
6)

31
,1
29

(5
3.
1)

31
77

28
(5
0.
4)

<
0.
00

1
42

03
13

(4
9.
6)

20
,3
30

(5
4.
4)

39
99

83
(4
9.
4)

<
0.
00

1
<
0.
00

1

C
om

or
bi
di
tie

s
(%

)
26

60
97

(1
7.
3)

95
90

(1
0.
0)

25
65

07
(1
7.
8)

<
0.
00

1
73

16
2
(1
0.
6)

50
26

(8
.6
)

68
13

6
(1
0.
8)

<
0.
00

1
19

29
35

(2
2.
8)

45
64

(1
2.
2)

18
83

71
(2
3.
3)

<
0.
00

1
<
0.
00

1

Pr
ev
io
us
ly

in
fe
ct
ed

(%
)

15
89

(0
.1
0)

12
0
(0
.1
2)

14
69

(0
.1
0)

0.
03

1
22

8
(0
.0
3)

39
(0
.0
7)

18
9
(0
.0
3)

<
0.
00

1
13

61
(0
.1
6)

81
(0
.2
2)

12
80

(0
.1
6)

<
0.
00

1
<
0.
00

1

Ta
bl
e
1:

Ep
id
em

io
lo
g
ic
al

ch
ar
ac
te
ri
st
ic
s
of

th
e
en

ti
re

p
op

ul
at
io
n
an

d
of

th
e
va

cc
in
at
ed

an
d
un

va
cc
in
at
ed

ag
e
su
b
g
ro
up

s.

Articles

www.thelancet.com Vol 13 September, 2022
Safety of Argentina (CoNaSeVa), indicates that up to 31
October 2021, the notification rate of events supposedly
attributable to vaccination or immunisation was 7.9/
100,000 of applied doses for the BBIBP-CorV vaccine;
30.9/100,000 for mRNA-1273; and 9.1/100,000 for
BNT162b2.29

Some of the imbalances observed in our study
between the vaccinated and unvaccinated groups could
be related to the fact that this is a real-world study.
Thus, the higher proportion of children and adolescents
with comorbidities in the vaccinated group might be
explained by the recommendations issued by the
National Ministry of Health to prioritise this vulnerable
group; but, fundamentally, by a greater acceptance of
vaccination from families with children that had risk
factors for COVID-19.18,30 For these children, the
alleged benefit of protection by the vaccine is greater
than for a healthy child.8 At the beginning of the pan-
demic, it was believed that SARS-CoV-2 was not capable
of causing serious illness in children, thus generating a
false sense of security with no need for vaccination in
this group.8 Finally, while the difference observed in
the occurrence of previous infections by SARS-CoV-2
between both groups is statistically significant, this is
likely due to the large number of individuals included
in the study; its clinical relevance is uncertain.

With respect to the paediatric population, the
Centres for Disease Control and Prevention provided
the earliest data about VE in 5−11-year-old children car-
ried out in real-world settings during the Omicron
period. They reported a VE against hospitalisation of
74% [−35 − 95] with wide confidence intervals that
included zero with two doses of BNT162b2; this figure
is near the range of our data which was 76.4% [62.9
−84.5] over the entire study period.24 However, when
we analysed VE in the 3−11-year subgroup during the
Omicron predominance period, a marked decrease was
evident. A preprint study carried out in New York from
29 November 2021 to 30 January 2022 reported that VE
against hospitalisation of a two-dose scheme of
BNT162b2 was 48% for the 5−11-age subgroup in the
last week of the study.25 In a recent case-control test-
negative study carried out in the US, VE against hospi-
talisation was 68% for the 5−11-year subgroup.26 A
recent Chilean study performed in 3−5-year-old children
who received a two-dose scheme of an inactivated vac-
cine (CoronaVac) during the Omicron outbreak
reported a VE against hospitalisation and ICU admis-
sion of 64% and 69%, respectively. Our findings are
consistent with published studies.27 Researchers, in
general, attributed the early decrease of VE to the
ability to evade immune response of Omicron, to
waning immunity, or to both; and this might signal
the potential need to review vaccination schemes
and/or dosing.25−27

To our knowledge, ours is the first study carried out
in a real-world setting for the 3−11 age population
7



Figure 3. a) Cumulative incidence of hospitalisations by vaccination status, b) Cumulative incidence of hospitalisations by vaccina-
tion status in each age subgroup.
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receiving the full scheme of BBIBP-CorV and reporting
VE against hospitalisation.

Concerning the adolescent population, the CDC
reported high VE for the two-dose scheme of
BNT162b2. Within 5 months of full vaccination, VE was
92% and 94%, for the 12−15 and 16−17 age groups,
respectively; however, it decreased after 5 months to
73% and 88%, for the same age subgroups during a
period of Delta and Omicron circulation. Furthermore,
more recent studies have shown even lower VE.24,25

Data from the New York study conducted from 29
November 2021 to 30 January 2022 indicated that VE
www.thelancet.com Vol 13 September, 2022



Events Crude
effectiveness

Adjusted
effectivenessa

Unvaccinated

(n=96,046)

44 76.6

[67.3−83.3]

78.0

[68.7−84.2]

Vaccinated

(n=1,440,389)

154

Table 2: Analysis of vaccine effectiveness against
hospitalisations in vaccinated and unvaccinated subjects.
Events are expressed as numbers.

Effectiveness is expressed as % [CI95%].
a Adjusted for age group, gender, and presence of comorbid

conditions.

Articles
fell from 94% to 73% in 12−17-year-old patients with
two-doses of BNT162b2.25 Moreover, in a recent case-
control test-negative study carried out in the US, VE
against hospitalisation was 40% [9−60], which corre-
sponds to VE of 79% [51−91] against critical COVID-19
and 20% [-25-49] against noncritical COVID-19. The
authors suggested that the lower VE might have been
Subgroup Events

3−11

(n = 689,552)

Unvaccinated

(n =58,644)

28

Vaccinated

(n =630,908)

75

12−17

(n = 846,883)

Unvaccinated

(n =37,402)

16

Vaccinated

(n = 809,481)

79

Comorbidities

(n =266,097)

Unvaccinated

(n =9590)

14

Vaccinated

(n = 256,507)

56

No comorbidities

(n =1,270,338)

Unvaccinated

(n = 86,456)

30

Vaccinated

(n = 1,183,882)

98

Male

(n =769,170)

Unvaccinated

(n = 51,459)

19

Vaccinated

(n =717,711)

82

Female

(n = 767,265)

Unvaccinated

(n = 44,587)

25

Vaccinated

(n = 722,678)

72

Infection-Naive

(n =1,534,846)

Unvaccinated

(n = 95,926)

42

Vaccinated

(n =1,438,920)

150

Table 3: Vaccine effectiveness against COVID-19 associated hospitalisa
Effectiveness is expressed as % [CI95%]

a Adjusted or stratified for age group, gender and presence of comorbid condit

www.thelancet.com Vol 13 September, 2022
associated with the amount of time since vaccination
and the emergence of Omicron.26 We found a VE of
80.0% [64.3−88.0] against hospitalisation during the
entire study period, but 81.0% and 78.2% for the two
periods of different VOCs circulation. These figures are
within the range of the abovementioned studies.24-27

The different fall of VE between children and adoles-
cents over the two periods was noticeable, in line with
recent research that has also suggested that VE might
be lower in younger children.25,27 This might be
ascribed to a less robust immunological response in
this population, in comparison to adolescents.31 There-
fore, they might need higher doses than the adminis-
tered ones, different intervals between them, additional
shots, or the utilisation of vaccines designed to target
different antigens.25 Moreover, we cannot discard that
the different vaccine platforms evaluated in this study
could have different effectiveness against Omicron
VOC. In in-vitro studies, mRNA vaccines have shown
higher titers of antibodies and virus neutralisation
against VOCs in comparison with an inactivated vac-
cine.32 In this way, the decrease in VE in children
Crude effectiveness Adjusted effectivenessa

75.1 [61.0−83.7] 76.4 [62.9−84.5]

77.2 [59.5−86.3] 80.0 [64.3−88.0]

85.1 [72.1−91.4] 81.8 [65.6−89.7]

76.2 [63.5−83.9] 75.7 [62.7−83.7]

69.1 [47.5−80.8] 69.6 [48.1−81.3]

82.2 [71.5−88.6] 84.1 [74.2−89.8]

70.6 [58.1−79.0] 68.3 [54.6−77.5]

tions for each subgroup of age, gender and comorbidities.

ions.
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Figure 4. Vaccine effectiveness for different categories: 3−11 and 12−17 age subgroups, Females (F), Males (M), subjects with
comorbidities (C) and without them (NC), and SARS-CoV-2 infection naive-subjects (Naive). Error bars indicate the %[CI95%].

Study period Unvaccinated
(n events)

Vaccinated
(n events)

Crude effectiveness
%, [CI95%]

Adjusted effectivenessa

%, [CI95%]

14 December 2021−18 January 2022 30 84 81.3

[71.7−87.7]

82.7

[73.2−88.6]

19 January−9 March 2022 14 70 66.6

[40.8−81.2]

67.7

[39.9−81.4]

Table 4: Vaccine effectiveness by study period in the entire population.
Effectiveness is expressed as % [CI95%]

a Adjusted for age group, gender, and presence of comorbid conditions.

Age group Study period Unvaccinated
(n events)

Vaccinated
(n events)

Crude effectiveness
%, [CI95%]

Adjusted effectivenessa

%, [CI95%]

3−11 December 14, 2021−January 18, 2022 20 38 82.3 [69.6−89.7] 83.4 [70.9−90.2]

January 19−March 9, 2022 8 37 57.0 [7.7−80.0] 58.6 [4.1−79.7]

12−17 December 14, 2021−January 18, 2022 10 46 78.8 [57.9−89.3] 81.0 [59.9−90.1]

January 19−March 9, 2022 6 33 74.6 [39.4−89.4] 78.2 [42.0−90.3]

Table 5: Vaccine effectiveness by study period and age group.
a Adjusted for, gender, and presence of comorbid condition.
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observed in our study during the Omicron period might
have also been secondary to the type of vaccine adminis-
tered. Additionally, early waning immunity might also
be contributing to the decline of the protection.33

Similar to other studies, analyses of vaccine effective-
ness over time was not possible because of the scarce
number of events.24,26 Our results complement
recent findings of decreased BNT162b2 vaccine effec-
tiveness in children aged 5−11 but persistent protec-
tion in the adolescent population during the
Omicron outbreak in New York.25 A recent study
described that VE for 2 doses of BNT162b2 against
symptomatic infection decreased rapidly among both
children and adolescents.34

Waning VE against hospitalisation is reversed with
the administration of a booster dose in the adult
population.4,5 Furthermore, VE against COVID-19
symptomatic disease improved in adolescents with a
booster dose, as reported by the CDC.24 Argentina
started the administration of a booster dose in Novem-
ber 2021, prioritising high-risk population groups, fol-
lowed by vaccination of the adolescent group. With
respect to the 3−11 subpopulation, neither the National
Immunisation Commission nor the WHO recommend
the administration of a booster dose to this age sub-
group.35 However, more severe clinical presentations in
the paediatric population have been reported due to
Omicron BA.1 and BA.2 sub-lineages.10-12 Two recent
studies from South Africa and Hong Kong performed
during the Omicron wave recorded more severe disease
in children, including laryngeal obstruction and neuro-
logical symptoms, with increased requirement of ICU
admission.10,11 Further research is needed to assess the
need for a booster dose in 3−11-year-old children.
Limitations
The first limitation of this study lies in its observational
nature. Therefore, If the vaccinated and unvaccinated
groups are systematically different, VE might be
affected. As explained previously, the vaccinated sub-
groups represent those vaccinated early and late,
because some children and adolescents were prioritised
for early vaccination, and also because of greater vaccine
acceptance in those perceived to be at risk. This will
affect estimation of VE, though we addressed this prob-
lem by adjusting our risk estimation with the available
confounders. However, residual confounders cannot be
excluded. Second, in the 3−11-age (BBIBP-CorV) sub-
group we could only analyse VE for the BBIBP-CorV
vaccine as it was the only vaccine available in Argentina.
Third, we only were able to estimate VE in adolescents
for the two vaccines of the mRNA vaccine platform
without differentiating between them, due to the scar-
city of events. Fourth, we could only assess VE of a two-
dose schedule vaccination for a median time since vacci-
nation of 114 days, mostly during school vacations and
www.thelancet.com Vol 13 September, 2022
with mandatory social distancing still in force. Never-
theless, this limitation is akin to most studies conducted
in children, given the recent start of the vaccination roll-
out. A longer follow-up period after vaccination will be
crucial to evaluate the duration of the effectiveness
against COVID-19−associated hospitalisation and
death. Fifth, a certain degree of misclassification cannot
be ruled out, especially concerning potential contamina-
tion by incidental COVID-19 cases. To deal with this
issue, we considered only those hospitalisations occur-
ring within 14 days from COVID-19 diagnosis. Sixth,
we could not assess the effect of a booster dose on VE in
adolescents, given that boosters were only recently
authorised in this subgroup in February 2022. Seventh,
notwithstanding the high incidence of Omicron cases,
there were still relatively few child-hospital admissions,
so we were not able to estimate markers of severity of
disease, such as ICU admission or death. Because the
unvaccinated cohort was defined to be unvaccinated
throughout the study period, the cohort will overrepre-
sent children who died during the period before they
could be vaccinated. However, because the death rate is
low and the period short we believe this bias is unimpor-
tant. Eighth, genetic characterization of patients’ viruses
was not available, therefore Delta and Omicron predom-
inance periods were based on surveillance data. Ninth,
the estimate of VE corresponds to Omicron BA.1, the
lineage of Omicron circulating during the study period;
it is possible that VE could change if new SARS-CoV-2
variants emerge. Tenth, we could not assess a possible
waning effect due to the recent vaccination of the 3−11-
age (BBIBP-CorV) subgroup and the scarcity of events.
Finally, this study includes an adolescent group and
3−11-year-old children; these subpopulations might dif-
fer in the exposures, or in the test-seeking behaviours.25

Additionally, since children and adolescents received
different vaccines having possible different degrees of
protection, VE results should be interpreted separately.
Conclusions
This report provides real-world evidence of vaccine pro-
tection against COVID-19-associated hospitalisations
among children and adolescents aged 3−17 years during
the Omicron outbreak; VE effect was consistent in all
subgroups tested. Nevertheless, VE decreased in the
period of Omicron predominance. Our findings suggest
that the application of a booster dose in this subpopula-
tion warrants further consideration in vaccination pro-
grammes rolled out in other regions of the world.
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