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Abstract

Objectives:

There are paucity of studies examining naturally acquired immunity against SARS-
CoV-2 in children and adolescents, though they are generaly the last group to be
afforded the vaccine, and a significant portion of them are still unvaccinated. This
study examined the duration of protection conferred by a previous SARS-CoV -2

infection amongst children and adolescents.

Design:

A retrospective study, applying two complementary approaches: a matched test-

negative case control design and a retrospective cohort design.

Setting:

Nationally centralized database of Maccabi Healthcare Services, an Isragli national

health fund that covers 2.5 million people.

Participants:

The study population included between 293,743 and 458,959 individuals (depending
on the model), 5-18 years of age, who were unvaccinated SARS-CoV-2 naive persons

or unvaccinated convalescent patients.

M ain outcomes and measur es;

Analyses focused on the period of July 1 to December 13, 2021, a Delta-dominant
period in Israel. We evaluated three SARS-CoV -2-related outcomes: (1) documented

PCR confirmed infection or reinfection, (2) COVID-19 and (3) severe COVID-19.
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Results:

Overal, children and adolescents who were previously infected acquired durable
protection against reinfection (symptomatic or not) with SARS-CoV-2 for at least 18
months. Importantly, no COVID-19 related deaths were recorded in either the SARS-
CoV-2 naive group or the previously infected group. Effectiveness of naturally-
acquired immunity against a recurrent infection reached 89.2% (95% Cl: 84.7%-
92.4%) three to six months after first infection, mildly declining to 82.5% (95% Cl,
79.1%-85.3%) nine months to one year after infection, then remaining rather steady
for children and adolescents for up to 18 months, with a slight non-significant waning
trend. Additionally, we found that ages 5-11 exhibited no significant waning of
naturally acquired protection throughout the outcome period, whereas waning

protection in the 12-18 age group was more prominent, but still mild.

Conclusions:

Children and adolescents who were previously infected with SARS-CoV-2 remain
protected against reinfection to a high degree for 18 months. Policy decision makers
should consider when and if convalescent children and adolescents should be
vaccinated. Nonetheless, further research is needed to examine naturally acquired

immunity against emerging variants, including the Omicron.
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I ntroduction

The duration of protection conferred by a prior COVID-19 episode against reinfection
with SARS-CoV-2 has been studied, though not yet conclusively determined. The
implications of understanding the duration of naturally acquired immunity are vast,
such as the necessity and timing of actively pursuing hybrid immunity (i.e.,
vaccinating convalescent patients), mandating self-quarantine after exposure of

previously infected individuals and more.

Two main challenges complicate the research of naturally acquired immunity; the first
is the lack of evidence-based, long-term correlate of protection®. The second is the
difficulty in defining reinfection as opposed to prolonged viral shedding®. In an ideal
scenario, reinfection would be determined by two distinct clinical episodes with two
different sequenced viral genomes. Nonetheless, as sequencing is seldom performed
in routine population tests, these strict criteria are impossible to apply in real-world

data research.

Therefore, different criteria based on more widely-available data have been
suggested.® The predominant one have been published by The Centers for Disease
Control and Prevention’s (CDC), where guidelines refer to two positive SARS-CoV-2

polymerase chain reaction (PCR) test results at |east 90 days apart.*

In adults, studies have demonstrated that naturally acquired immunity>® appears to
provide protection against reinfection for between at least 7 and 13 months,” though
protection was age-dependent and lower for those 65 years or older.® Furthermore,

while correlating viral loads to infectiousness, studies have shown that reinfections
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are less infectious than primary infections, and possibly less so than breakthrough
infections (i.e., infections in fully vaccinated individuals).® Correspondingly, studies
have shown that in adults naturally acquired immunity lasts longer and confers a

stronger protection relatively to vaccine-induced immunity.*

However, there are paucity of studies examining naturally acquired immunity in
children and adolescents, though they are generally the last group to be afforded the
vaccine, and a significant portion of them are still unvaccinated. Israel, an early
adopter of the SARS-CoV-2 vaccine in adults, launched a vaccination campaign for
adolescents on June, 2021, (shortly after the BioNTech/Pfizer mMRNA BNT162b2
vaccine was approved for adolescents by the United States Food and Drug
Administration (FDA) and the European Medicines Agency in May 2021),"%*2 and for
children ages 5-11 on November, 2021. Two studies that investigated the rates of
recurrent infection in children reached similar conclusion; a study from California™
found lower reinfection rates in children, as compared to adults, and similarly, a study
from England™ found a lower risk of reinfection in children. Nonetheless, the
questions of waning of infection-induced-immunity, or the durability of protection,

have yet to be answered.

To this end, we conducted a retrospective study evaluating the duration of protection
conferred by a previous SARS-CoV-2 infection amongst children and adol escents
aged 5 to 18, leveraging data from Maccabi Healthcare Services (MHYS), Isragl's
second largest Health Maintenance Organization that covers 2.5 million

members. Relying on 21 months of data, from March 1, 2020 to December 13, 2021,

thisis the longest study published on naturally acquired immunity in this age group.
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M ethods

Definitions and nomenclature

Individuals with a documented SARS-CoV -2 infection, determined by a previous
positive PCR test, were referred to as “ previously infected”, “convalescent” or
“recovered” individuals. SARS-CoV-2 reinfection (see under Measured Outcomes)
was defined as a positive PCR test during the outcome period, confirmed by a PCR
test, regardless of the existence of symptoms. Individuals who had a documented PCR
test and at least one documented COV ID-19-related-symptom were considered as
having a“ symptomatic infection” or “COVID-19". Of those, hospitalized patients
were referred to asincurring “ COVID-19-related hospitalization”. Lastly, the
protection conferred by a previous infection was denoted as “ naturally acquired

immunity”, or “infection-induced immunity”. SARS-CoV-2 naive individuals

indicated persons who have never had arecord of a positive SARS-CoV-2 test.

Reinfection with SARS-CoV-2

In investigating large datasets of COVID-19 information, achallenge existsin
defining SARS-CoV -2 reinfection (or a ‘failure’ of infection-induced immunity) as
opposed to prolonged viral shedding’. This study will adhere to the Centersfor
Disease Control and Prevention’s (CDC) guidelines, which define areinfection as two
positive SARS-CoV -2 polymerase chain reaction (PCR) test results at least 90 days

16

apart

Data sources
MHS is alarge not-for-profit health fund in Israel, covering 26.7% of the population

which constitute a representative sample of the Israeli population. Healthcare services
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are provided throughout the country, through over 150 local branches (or clinics),
situated within awalking or short driving distance from each member’s registered
address. MHS has maintained a centralized database of Electronic Medical Records
(EMRs) for three decades, where less than 1% disengagement rate among its
members has allowed for a comprehensive longitudinal medical follow-up. The
centralized database includes extensive demographic data, clinical measurements and
evauations, outpatient and hospital diagnoses and procedures, medications dispensed,
imaging performed and comprehensive laboratory data from a single central

laboratory.

Data extraction

Individual-level demographic data of the study population included age, sex,

soci oeconomic status (SES), one’s MHS branch and a coded geographical statistical
area (GSA, assigned by Israel’s National Bureau of Statistics, corresponds to
neighborhoods and is the smallest geostatistical unit of the Israeli census). The SESis
measured on ascale from 1 (Ilowest) to 10, and the index is calculated based on
several parameters, including household income, educational qualifications,
household crowding and car ownership. Data about one’s medical history included the
last documented Body Mass Index (BMI) (where obesity was defined as BMI > 30)
and information about chronic diseases from MHS' automated registries, including
cardiovascular diseases™, hypertension™®, diabetes', inflammatory bowel diseases,
chronic kidney disease®, chronic obstructive pulmonary disease,
immunocompromised conditions, and cancer from the National Cancer Registry*.
COVID-19-related information was also captured, comprising of dates of SARS-

CoV-2 vaccination and results of any PCR test, including one performed outside of
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MHS, given that all such tests are recorded centrally. Records of COVID-19-related
symptoms were extracted from members' EMRs, where they were recorded by the
primary care physician or acertified nurse who conducted in-person or phone visits
with infected individual. Finally, data on COVID-19-related hospitalizations were

retrieved as well, and COVID-19-related mortality was screened for.

Study population

The study population included all MHS members aged 5-18 years who were
unvaccinated SARS-CoV-2 naive persons or unvaccinated convalescent patients. Age
and immunity status (including vaccination and previous infection) were assessed on
the day of inclusion (the latter different between the two study designs, see: design
and statistical analysis), and for convalescent patients, the prior infection must have
occurred at least 90 days prior to the inclusion date, in order to capture reinfections
(as opposed to prolonged viral shedding) by following the 90-day guideline of the
CDC (see: reinfection with SARS-CoV-2). We excluded individuals who received
any dose of the SARS-CoV-2 vaccine prior to their inclusion in the study and persons
with a possibly incomplete COVID-19-related medical history during the pandemic,
i.e. those who joined MHS after March 2020. Additionally, we excluded any
individual who had already been re-infected by the start of the outcome period, in

order to avoid potential bias by aggregating twice- and thrice- COVID-19 patients.

Study design and statistical analysis
Measured outcomes
We evaluated three SARS-CoV-2-related outcomes: documented RT-PCR confirmed

SARS-CoV-2 infection or reinfection, COVID-19 and severe COVID-19, defined as
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COVID-19-related hospitalization or death. Outcomes were evaluated during the

follow-up period of July 1 to December 13, 2021, a Delta-dominant period in Israel.?

Comparing effectiveness over time

Prior SARS-CoV -2 vaccination studies demonstrated a time-dependent increase and
then decreasein the level of protection conferred by the vaccine.®#’ This analysis
explored whether areduction in infection-conferred protection exists as well, by using
asimilar metric of comparison to that of previous vaccination studies. Therefore, we
performed a stratified analysis by time-since-infection into equal 90-day intervals (3-
6, 6-9, 9-12, 12-15, 15-18 months since previous infection). The rationale was that if
no waning of naturally acquired immunity existed, reinfections would not depend on
time-since-previous-infection. However, if waning existed, protection conferred by

previous infection would gradually decrease with time.

We conducted two complementary approaches, both previously used to evaluate
effectiveness of protection against SARS-CoV-2. Our primary analysis included a
matched test-negative case control design, whereas the secondary one compared

infection rates applying a retrospective cohort design.
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Primary analysis — test-negative case-control design
For our primary analysis, we used a test-negative matched case-control design, widely
used in COVID-19 studies owing to its ability to control for bias stemming from
misclassification of untested persons, healthcare-seeking- and testing-related
behaviors.>*"?° We defined cases as (1) individuals with a SARS-CoV-2-positive
PCR test during the study period, (2) individuals with a symptomatic SARS-CoV -2
infection, or (3) persons with COVID-19-related hospitalization or death, where cases
were defined separately for each outcome. Eligible controls were individuas with a

negative PCR test result during the outcome period.

We performed a 1:1 matching based on sex, GSA and week of testing (to account for
potential time-varying risk within the outcome period). The first positive PCR test and
the first negative PCR test were the only tests included for each case and control,
respectively. All negative PCRs for cases were excluded from the study, therefore an

MHS member was either a case or a control, not both.?>2

The analysis sought to estimate the odds of a positive test at the different time points
following infection, compared to SARS-CoV -2 naive individuals. Therefore, we
stratified the analysis for each time-since-infection interval, where in each stratum we
included only participants that met that specific 90-day interval or the reference group
of SARS-CoV-2 naive individuals (consequently, the number of matched pairs varied
between time points).?> One's ‘immunity-status’ (time-since-previous-infection) was

determined by the date of the PCR test.
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Conditional logistic regression models were fit to the data, accounting for the
matching. The effectiveness of a previous infection at each time point, compared to
SARS-CoV-2 naive individuals, was calculated as 100%*[1-(Odds Ratio)] for each of

the 3-month-since-infection intervals.

As an additional analysis, we sought to evaluate whether the pattern of naturally
acquired immunity against reinfection varies with age. Therefore, we measured the
interaction of two groups — 5-11 and 12-18 years — with each time-since-first-
infection interval. These age groups were chosen as they correspond to the
vaccination rollout in Israel, where the younger age group first became eligible
months after the older one. Though our analysis focuses on unvaccinated children, we
presumed some behavioral influences relating to the post-vaccination behavior of

their respective peers of the same age group, which might lead to varying exposures.

Secondary analysis — a retrospective cohort design

In our secondary analysis, we compared the incidence rates of the three outcomes
(SARS-CoV-2 infection, COVID-19 disease, and severe diseases) during the follow-
up period between recovered individuals (with different times since recovery) and
SARS-CoV-2 naive ones, where the latter were the reference group. These cohorts
were dynamic, as for example, participants who were part of the 3-6-months-since-
infection group on July 1, 2021, left it on October, and joined the 6-9-months-after-
infection group, as long as no measured outcome occurred during these months
(namely SARS-CoV -2 infection, disease or severe disease) as well as no censoring
event (i.e. vaccination or leaving MHS). (Figur e S1). Therefore, individuals could

contribute follow-up days to multiple groups, and move between them, according to
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their immunity status on each follow-up day. For each time-since-infection group we
calculated the rate of each outcome per person days at risk. Similarly to the primary
model, we reran the analysis while measuring the interaction of time-since-firs-

infection with a younger (5-11) and older (12-18) age group.

A Poisson regression model was fit to the data, adjusting for (1) a categorical variable
consisting of the number of previous PCR tests performed by each individual since
the start of the pandemic (March 2020) until the start of the outcome period (as a
proxy for SARS-CoV -2-related healthcare-seeking behavior, differentiating behavior

from outcome), >

and (2) aresidential-specific attack rate, calculated for each day
in which a PCR test was performed, representing the average proportion of infected
MHS members belonging to a specific branch within that calendar week, divided by
the overall number of participants registered to that branch (of that specific city,
village or town). Adjusting for attack rate allowed us to address the time-varying and
geographical-varying risk of exposure, which might influence effectiveness. These

two adjustments are the Poisson’s answer to the test-negative design, where time of

testing and GSA were matched.*

Then, we calculated the rate ratio, comparing the incidence rate of time-since-
infection to that of the SARS-CoV -2 naive participants for each time-since-infection
interval. Similarly to the primary model, the effectiveness of a previous infection at
each time point, compared to SARS-CoV -2 naive individuals, was calculated as

100%*[1-(Rate Ratio)] for each of the 3-month-since-infection intervals.
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Moreover, we applied an indirect standardization of rates per 100,000 person days,
based on the parameters of the fitted regression analysis, yielding adjusted rates for
each time-since-infection intervals, therefore projecting the rates as if all person days
at risk were included in each time-since-infection interval. 95% confidence intervals

were computed using the bootstrap method.

All analyses were conducted using R Studio version 3.6 with the survival package.
The analysis conforms to Strengthening the Reporting of Observational Studiesin

Epidemiology (STROBE) Statement.

Ethics declaration:

This study was approved by the MHS (M accabi Healthcare Services) Institutional
Review Board (IRB). Due to the retrospective design of the study, informed consent
was waived by the IRB, and al identifying details of the participants were removed

before computational analysis.

Data availability statement:

According to the Israel Ministry of Health regulations, individual-level data cannot be
shared openly. Specific requests for remote access to de-identified community-level
data should be referred to KSM, Maccabi Healthcare Services Research and
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Results

Primary analysis: naturally acquired immunity against infection

293,743 MHS members aged 5-18 years were eligible for the study and obtained at
least one PCR test between July 1 and December 13, 2021. Across all test-negative
analyses, 200,329 cases of infection and 32,829 cases of symptomatic infection were
included, to which controls were matched. The peak incidence occurred between
August and September 2021 (Figur e S2). 50 individuals incurred a COVID-19 related
hospitalization, and no COVID-19 related deaths were recorded during the study
period. Baseline characteristics of participants are givenin Table 1. Overall, the
population was healthy and demographic characteristics were similar between the

groups.

Estimates of effectiveness of naturally acquired immunity by time since infection are
presented in Table 2. Effectiveness was based on the odds ratios (OR), which
represented the ratio between the odds of testing positive for SARS-CoV-2 during the
outcome period among SARS-CoV-2 naive persons (the reference group) and the
respective odds of infection among convalescent patients in each subsequent months-

interval.

The effectiveness against re-infection of individuals 3 to 6 months since previous
infection was 89.2% (95% Confidence Interval [Cl]: 84.7%-92.4%) compared to
those not previously infected (Table 2, Figure 1). Infection-induced immunity mildly
declined to 82.5% (95% ClI, 79.1%-85.3%) in the 9-12-months-since-infection
window. Protection of those who were infected 12 to 15 months prior and 15 to 18

months prior to the study outcome period had overall comparable odds of infection
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with the 9-12-since-infection group, as no statistical difference between these
intervals could be concluded. Few observations after 18 months of infection led to a
wide confidence interval that challenges inferences, apart from suggesting those
previously infected even 21 months prior to the outcome period remain protected to

some degree compared to uninfected children and adolescents.

When examining the interaction with the younger and older age groups, we found that
the protection conferred by previous infection was roughly similarly effective against
reinfection in each 3-months interval in the younger age group of 5-11 years old, with
aslight waning trend throughout 18 months. Contrastingly, there was atrend toward a
more rapid waning of protection in the 12-18 years old group, though relative paucity
of observations yielded wider confidence intervals (Figure S3). The interval of 18-21
months after previous infection was not included in the analysis due to too few

observations.

Primary analysis: naturally acquired immunity against symptomatic infections
(COVID-19)

Effectiveness of a previous infection against re-infection resulting in a symptomatic
disease was slightly higher than that against any re-infection (regardless of symptoms)
3-6 months after infection, at 93.6% (95% ClI, 79.6%-98.0%), and presented a
possibly more rapid trend of decline with time since infection, though the differences
in effectiveness between the different time-since-previous-infection intervals was not

statistically significant (Table 3, Figure 2) and protection against a symptomatic
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reinfection remained high. The interval of 18-21 months after previous infection was

dropped in this analysis as well, due to too few observations.

As for the outcome of severe disease, no deaths were recorded, and relatively few
COVID-19-related hospitalizations were recorded; 48 in SARS-CoV-2 naive
individuals, and 2 in those previously infected. These numbers did not allow for a

reliable regression analysis.

Secondary analysis — Poisson regression model

In our secondary model, 458,959 individuals contributed 57,737,823 person-days at
risk, during which 40,516 and 19,585 SARS-CoV -2 infections (or reinfections) and
symptomatic infections (or reinfections) occurred, respectively. Their clinical and
demographic characteristics can be seen in Table S1. In this model as well, the groups
had overall similar demographic and clinical attributes, apart from the group of 18-21
months after infection, which had lower socioeconomic status, and higher rates of
comorbidities. However, due to few observations in this group, inference of naturally
acquired protection in group was limited and dropped from the analysis, therefore the

possible effect of these differences was not assessed.

Table S2 details the results of the Poisson regression analysis, where the rate ratio of
re-infection for each time-since-first-infection group relative to SARS-CoV-2 naive
individualsis presented. Effectiveness, calculated as 100%*[1-(Rate Ratio)], can be
seen in Figure $4. Additionally, Table S2 presents the adjusted incidence rates of

SARS-CoV-2 infection per 100,000 person days for each time-since-infection group,
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using indirect standardization. Effectiveness was overall similar to the primary test-

negative analysis, though confidence intervals were larger.

When measuring the interaction of time-since-infection with age group, a pattern
similar to the primary analysis emerged, where the 5-11 age group showed no
significant difference in effectiveness throughout the 18 months intervals, whereas the
12-18 age group demonstrated a significant decline in effectiveness of naturally

acquired protection against re-infection after 12 months (Figur e S5).

As for protection against a symptomatic re-infection conferred by previous infection,
results are similar to the primary model in this analysis as well (Table S2, Figure S6),
and effectivenessis slightly higher against reinfection that results in a symptomatic
disease - as opposed to any re-infection, regardless of symptoms. No significant
waning of protection is seen between groups of different times-since-first-infection,

but only atrend.
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Discussion

This study evaluated the dynamics and durability of naturally acquired immunity
against reinfection with SARS-CoV-2 in children and adolescents. It isthe largest
real-world observational research examining this question to date, encompassing 21
months of longitudinal data, and including between 293,743 and 458,959 individuals,

depending on the model of analysis.

Waning of natural immunity can be conceptualized as decreased protection against re-
infection with time-since-first-infection (within the same calendrical outcome period);
our aim was to examine whether the protection waned — and when. To this end, our
primary analysis took a test-negative approach, and compared two groups of
unvaccinated individuals: SARS-CoV-2 naive persons and previously infected ones
during the same outcome period. We further stratified the convalescent group

according to time since first infection.

Overall, children and adolescents who were previously infected acquired strong and
durable protection against reinfection (symptomatic or not) with SARS-CoV-2 for at
least 18 months. Importantly, no COVID-19 related deaths were recorded in either the

SARS-CoV-2 naive group or the previously infected group.

Effectiveness of naturally-acquired immunity against arecurrent SARS-CoV-2
infection reached 89.2% three to six months after first infection, mildly declining to
82.5% nine months to one year after infection, then remaining rather steady for

children and adolescents up to 18 months, with a slight non-significant waning trend.
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Those infected 18 to 21 months prior to the outcome period were still protected,
though scarce data rendered it difficult to quantify. Naturally-acquired immunity
against a symptomatic re-infection (COVID-19), conferred relatively similar

protection to that against a SARS-CoV-2 infection - regardless of symptoms.

As for public health policies, the demonstrated long-term protection of naturally
acquired immunity has important implications regarding the decision to vaccinate
convalescent children and adolescents, and to mandate self-quarantine after exposure,
affecting all biopsychosocial aspects of life and well-being of children, adolescents
and their families. This should be considered in light of evidence of increasing
seroprevalence (of anti-nucleocapsid (anti-N) antibodies, indicating previous

infection) in children and adolescents, crossing 70% in the United States in 2022.%

Our findings prolongs the duration of natural immunity compared to previous
publications both in real-world outcome studies,'® as well asin antibody reactivity

studies, though the latter included much smaller cohorts. >

Interestingly, when examining younger versus older age groups, we found that ages 5-
11 exhibited no significant waning of naturally acquired protection throughout the
outcome period, whereas waning protection in the 12-18 age group was more
prominent, but still mild. Thisfinding is consistent with previous observations that

pointed to lower reinfection rates in children compared to adults,***°

and in younger
children in particular.®” It has been demonstrated that children have a different profile

of immune response after a SARS-CoV -2 infection compared to adults, though the
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biological paradigm that sufficiently explains this longer lasting protection requires

further investigations.

Our analysis is subject to several limitations. First, the outcome period does not
include Omicron-dominant months. The reason is that on January 2022 amajor policy
change took placein Israel, whereby PCR tests were not readily available for persons
under 60 years old.** Concomitantly, most rapid antigen tests were at-home tests, thus
not reported back to our centralized database. Therefore, attempting to estimate
infections during that time would lead to gross bias, underestimating infections. Thus,
the protection of a previous infection against other novel strains, including the

Omicron variant, cannot be directly inferred.

An inherent limitation to real-world observational studies of COVID-19 pertains to
the lack of pre-defined PCR testing protocols. This could yield potential biases
relating to test-taking and healthcare seeking behaviors, a matter intricately discussed
in previous studies. ??*%° The test-negative design aims to somewhat mitigate this
potential bias,* whereas those untested are not assumed to be COVID-free.
Furthermore, the fact that our secondary design (Poisson regression), also prevalent in
COVID-19 studies,* yielded similar outcomes, reinforces our confidencein the
results, while it also supports previous discussions highlighting the advantage of the
test negative design in adjusting for changesin testing volume.?*?*** Moreover, the
secondary analysis included matching for previous PCR tests taken throughout the
pandemic, as a proxy for healthcare seeking behavior.¥“° Additionally, in order to
address potential differences between the groups, especialy in terms of exposure (as

their medical histories were relatively comparable), we chose a matched design by
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GSA and week of testing, specifically important due to time-varying incidence rates
between geographical areas. In the corresponding Poisson analysis, we included
adjustment for attack rates, calculated for each small residential area, represented by

affiliation to one’'s local care facility.

Lastly, only a small number of COVID-19 related hospitalizations were recorded, and
no deaths, astatistical analysis of severe disease was not performed. As we reported,
most hospitalizations were incurred by unvaccinated and previously uninfected

individuals.

In conclusion, this study suggests that children and adolescents who were previously
infected with SARS-CoV -2 remain protected against reinfection to a high degree for
up to 18 months. In light of these findings, alongside evidence pointing to the fact that
the mgjority of this population had aready been infected, policy decision makers
should consider when and if convalescent children and adolescents should be
vaccinated. Nonetheless, further research is needed to examine naturally acquired

immunity against emerging variants, including the Omicron.
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Tables and Figures

Figure 1. Effectiveness of naturally acquired immunity compared to SARS-CoV -2
naive individuals against infection, by time since previous infection, based on the

primary test-negative analysis. Bars represent 95% confidence intervals.
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Figure 2. Effectiveness of naturally acquired immunity compared to SARS-CoV -2
naive individuals against symptomatic COVID-19, by time since previous infection,

based on the primary test-negative analysis. Bars represent 95% confidence intervals.
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Table 1. Characteristics of unvaccinated participants 5-18 years old who were tested between

July 1 and December 13, 2021, by groups. Matching was based on sex, GSA and week of

testing.
3-6 months after 6-9 months after 9-12 months after 12-15 months after 15-18 months after 18-21 months after
infection and infection and infection and infection and infection and infection and
controls controls controls controls controls controls
case control case control case control case control case control case control
n 5 31405 32704 32704 31910 31910 31940 31940 31532 31532 31148 31148
Age - mean (SD) 9.39 9.00 9.40 9.08 9.40 9.04 9.41 9.04 9.40 9.01 9.39 8.99
(3.00) (3.01) (3.00) (3.06) (3.01) (3.03) (3.01) (3.04) (3.01) (3.02) (3.00) (3.00)
Sex — n. (%)
Male 15363 15363 15948 15948 15583 15583 15584 15584 15451 15451 15262 15262
(48.9) (48.9) (48.8) (48.8) (48.8) (48.8) (48.8) (48.8) (49.0) (49.0) (49.0) (49.0)
Female 16042 16042 16756 16756 16327 16327 16356 16356 16081 16081 15886 15886
(51.1) (51.1) (51.2) (51.2) (51.2) (51.2) (51.2) (51.2) (51.0) (51.0) (51.0) (51.0)
SES - no. (%)
Low (1-3) 4508 4508 4885 4885 4736 4736 4776 4776 4633 4633 4503 4503
(14.4) (14.4) (14.9) (14.9) (14.8) (14.8) (15.0) (15.0) (14.7) (14.7) (14.5) (14.5)
Medium (4-6) 13766 13766 14448 14448 13989 13989 13998 13998 13791 13791 13607 13607
(43.8) (43.8) (44.2) (44.2) (43.8) (43.8) (43.8) (43.8) (43.7) (43.7) (43.7) (43.7)
High (7-10) 13124 13124 13364 13364 13178 13178 13159 13159 13101 13101 13031 13031
(41.8) (41.8) (40.9) (40.9) (41.3) (41.3) (41.2) (41.2) (41.6) (41.6) (41.8) (41.8)
Comorbidities —no. (%)
Immunosuppression 0 0 0 0 0 0 0 0 0 0 0 0
0.0 0.0 (0.0) (0.0) (0.0 (0.0 (0.0) (0.0 0.0) 0.0 (0.0) (0.0)
DM 31 47 31 48 30 47 32 47 32 46 30 46
0.1) 0.1 0.1) (0.1) (0.1) (0.1) (0.1) (0.1) 0.1) 0.1) 0.1) (0.1)
Cancer 37 30 38 31 41 33 39 31 38 31 36 30
0.1) 0.1) 0.1) (0.1) (0.1) (0.1) (0.1) (0.1) 0.1) 0.1) 0.1) (0.1)
Obesity (BMI >30) 266 217 284 301 278 284 274 288 272 284 270 277
0.8) 0.9 0.9) (0.9) (0.9 (0.9 (0.9) (0.9 0.9) 0.9 0.9 (0.9
IBD 19 17 19 20 19 18 19 18 17 18 19 17
0.1) 0.1 0.1) (0.1) (0.1) (0.1) (0.1) (0.1) 0.1) 0.1) 0.1) (0.1)
CVD 371 422 383 443 380 430 377 427 366 424 363 422
1.2 13 1.2) (1.4) (1.2) (1.3) 1.2) (1.3) 12 13) 1.2) (1.4)
CKD 0 2 0 2 0 2 0 2 0 2 0 2
0.0 0.0 (0.0) (0.0) (0.0 (0.0 (0.0) (0.0) (0.0 0.0 (0.0) (0.0)

SD — Standard Deviation; SES — Socioeconomic status on a scale from 1 (lowest) to 10; DM —
Diabetes Méllitus; CKD — Chronic Kidney Disease; COPD — Chronic Obstructive Pulmonary Disease;
BMI — Body Mass Index.
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Table 2. Testing results at different times-since-infection and effectiveness of

natur ally-acquired-immunity against SARS-CoV-2 infection. Effectiveness was

defined as 100%*[1-(Odds Ratio)] for each of the time- since-vaccination intervals.

The reference group comprised of SARS-CoV -2 naive individuals, where analysis

applied a 1:1 matching, based on sex, GSA and week of testing.

Cases (PCR positive)

Effectiveness of
naturally acquired

. oo
Controls (PCR negative) immunity (%)

against SARS-
CoV-2 infection
(95% CI)
Previously SARS-CoV-2 Previously SARS-CoV-2
infected naive infected naive
Months after
infection

3-6 35 32974 315 32694 89.2(84.7,92.4)
6-9 215 33407 1621 32001 88.2(86.4, 89.8)
9-12 153 33174 799 32528 82.5(79.1, 85.3)
12-15 186 33160 828 32518 79.5(75.8, 82.6)
15-18 93 33021 411 32703 78.4(72.8, 82.8)
18-21 17 33894 38 32873 57.1(22.7,76.2)
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Table 3. Testing results at different times-since-infection and effectiveness of
natur ally-acquir ed-immunity against COVID-19. Effectiveness was defined as
100%*[1-(Odds Ratio for symptomatic infection)] for each of the time- since-
vaccination intervals. The reference group comprised of SARS-CoV -2 naive
individuals, where analysis applied a 1:1 matching, based on sex, GSA and week of

testing.

Effectiveness of
naturally acquired

Cases (PCR positive) Controls (PCR negative) immunity (%)
against COVID-19
(95% CI)
Previously SARS-CoV-2 Previously SARS-CoV-
infected naive infected 2 naive
Months after
infection

3-6 3 6537 46 6494 93.6(79.3, 98.0)
69 35 6555 229 6361 85.5(79.2, 89.9)
9-12 26 6540 114 6452 78.3(66.5, 86.0)
12-15 33 6543 125 6451 76.3(64.5, 84.2)

15-18 22 6535 70 6487 69.8(50.7, 81.5)
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Supplementary Tables and Figures

Figure S1. Dynamics of cohortsin the secondary analysis. The different graphs represent the
number of eligible individuals in each cohort, throughout the follow-up period. The dynamics
is explained by individuals exiting and entering groups, determined by to their immunity

status (time-since-infection) on each follow-up day.
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Figure S2. Weekly SARS-CoV-2 confirmed infections in the during the outcome period.
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Figure S3. Additional analysis by age groups; reduction in the odds of testing positive
for SARS-CoV-2 among children and adolescents who were previously infected
compared to SARS-CoV-2 naive individuals, by time since previous infection, based
on the primary test-negative analysis. Bars represent 95% confidence intervals. Left

panel: ages 5-11, right panel: ages 12-18
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Figure $4. Effectiveness of a previous-infection against re-infection, calculated as
100%*[1-(Rate Ratio)] for each of the 3-month-interval-since-infection categories

using a Poisson regression model. Bars represent 95% confidence intervals.
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Figure S5. Additional analysis by age groups: effectiveness of a previous-infection
against re-infection, calculated as 100%*[1-(Rate Ratio)] for each of the 3-month-
interval-since-infection categories using a Poisson regression model. Bars represent

95% confidence intervals. Left panel: ages 5-11, right panel: ages 12-18
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Figure S6. Effectiveness of a previous-infection against a symptomatic re-infection
(COVID-19), calculated as 100%*[1-(Rate Ratio)] for each of the 3-month-interval-
since-infection categories using a Poisson regression model. Bars represent 95%

confidence intervals.
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Table S1. Characteristics of previously infected participants, 5-18 years old, who were tested
between July 1 and December 13, 2021, by groups. As group membership is dynamic, and
participants can contribute person-days to multiple groups, distribution is presented as

percentage of contributed person-days at risk rather than number or percentage of individuals.

3-6 months 6-9 months 9-12 months 12-15 months ~ 15-18 months  18-21 months
after after after after after after
infection infection infection infection infection infection
Number of person-days 818065 2113613 1716632 817726 184644 20806
at risk
Characteristics —in %
person-days at risk
Age distribution
5-11 614 66.3 66.8 66.2 66.4 61.8
12-18 38.6 33.7 33.2 33.8 33.6 382
Sex
Male 50.8 514 52.7 53.0 514 49.8
Female 49.2 48.6 47.3 47.0 48.6 50.2
SES
Low (1-3) 16.9 21.7 254 26.8 31.2 43.9
Medium (4-6) 50.4 50.9 49.6 48.6 46.3 41.6
High (7-10) 327 27.4 25.0 245 225 14.5
Missing 0.04 0.03 0.03 0.04 0.02 0
Comorbidities
Immunosuppression 0.01 0.003 0 0 0 0
DM 0.16 0.14 0.15 0.13 0.09 0
Cancer 0.15 0.16 0.18 0.15 0.12 0
Obesity (BMI 230) 1.79 1.52 1.56 1.79 1.79 2.28
IBD 0.12 0.12 0.09 0.04 0.05 0.07
CvD 1.36 1.34 1.26 1.19 1.26 2.38
CKD 0.01 0.004 0.001 0 0 0

SES - Socioeconomic status on a scale from 1 (lowest) to 10; DM — Diabetes Mellitus;, CKD — Chronic
Kidney Disease; COPD — Chronic Obstructive Pulmonary Disease; BM| — Body Mass Index.
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Table S2. Left column represents the adjusted effectiveness 100%*[1-Rate Ratio]

based on a Poisson regression analysis for each time-since-first-infection group
relative to SARS-CoV-2 naive individuals. Right column demonstrates the adjusted
incidence rates of SARS-CoV -2 infection per 100,000 person days for each time-

since-infection group. For each column, the 95% confidence intervals are presented in

brackets.
Outcome: SARS-CoV-2 infection Outcome: SARS-CoV-2 symptomatic infection
VE(1-RR) of VE(l'tRR) ;’,f
Groups of reinfections Adjusted incidence sr};ﬂll;e(:g:n? Adjusted incidence
months-since- compared to rates of SARS-CoV-2 (COVID-19) rates of COVID-19
previous- SARS-CoV-2 infection per 100,000 per 100,000 person
X R N compared to SARS-
infection naive persons person days . days
and 95% C.1 CoV-2 naive persons
- and 95% C.L
Previously
75.78(74.99, 76.52 . .97,37.02
Uninfected 5.78(74.99, 76.52) 36.5(35.97, 37.02)
3-6 0.9(0.87, 0.93) 7.22(5.22,9.59) 0.97(0.94, 0.98) 1.26(0.51, 2.12)
6-9 0.85(0.83, 0.87) 11.47(9.94, 12.95) 0.89(0.87, 0.91) 3.92(3.2,4.7)
9-12 0.83(0.81, 0.86) 12.56(10.83, 14.29) 0.85(0.82, 0.88) 5.38(4.36, 6.53)
12-15 0.75(0.7, 0.79) 19.29(16.09, 22.82) 0.8(0.74, 0.84) 7.49(5.6, 9.51)
15-18 0.79(0.67, 0.86) 16.07(9.32, 24.09) 0.87(0.74, 0.94) 4.63(1.33, 8.51)
18-21 0.89(0.21, 0.98) 8.42(0, 25.93)
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