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Abstract

Background: The future of the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) pandemic hinges

on virus evolution and duration of immune protection of natural infection against reinfection. We investigated the

duration of protection afforded by natural infection, the effect of viral immune evasion on duration of protection

and protection against severe reinfection, in Qatar, between 28 February 2020 and 5 June 2022.

Methods: Three national, matched, retrospective cohort studies were conducted to compare the incidence of SARS-

CoV-2 infection and coronavirus disease 2019 (COVID-19) severity among unvaccinated persons with a documented

SARS-CoV-2 primary infection, to incidence among those infection-naïve and unvaccinated. Associations were

estimated using Cox proportional hazard regression models.

Results: Effectiveness of pre-Omicron primary infection against pre-Omicron reinfection was 85.5% [95% confidence

interval (CI): 84.8–86.2%]. Effectiveness peaked at 90.5% (95% CI: 88.4–92.3%) in the 7th month after the primary

infection, but waned to ∼ 70% by the 16th month. Extrapolating this waning trend using a Gompertz curve suggested

an effectiveness of 50% in the 22nd month and < 10% by the 32nd month. Effectiveness of pre-Omicron primary

infection against Omicron reinfection was 38.1% (95% CI: 36.3–39.8%) and declined with time since primary

infection. A Gompertz curve suggested an effectiveness of < 10% by the 15th month. Effectiveness of primary

infection against severe, critical or fatal COVID-19 reinfection was 97.3% (95% CI: 94.9–98.6%), irrespective of the
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variant of primary infection or reinfection, and with no evidence for waning. Similar results were found in sub-group

analyses for those ≥50 years of age.

Conclusions: Protection of natural infection against reinfection wanes and may diminish within a few years. Viral

immune evasion accelerates this waning. Protection against severe reinfection remains very strong, with no

evidence for waning, irrespective of variant, for over 14 months after primary infection.
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Introduction

The future of the severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) pandemic is uncertain, but it hinges on virus
evolution and the level and duration of immune protection of
natural infection against reinfection.1–3 Although current coron-
avirus disease 2019 (COVID-19) vaccines had a critical role in
reducing COVID-19 hospitalizations and deaths, their rapidly
waning immune protection, particularly against the Omicron
(B.1.1.529) variant,4–8 limits their role in shaping the future of
SARS-CoV-2 epidemiology compared with other vaccines, such
as vaccinia, which eradicated smallpox.9

Seasonal ‘common-cold’ coronaviruses are known to induce
by short-term immunity against mild reinfection,10 but long-
term immunity against severe reinfection.2 Although SARS-CoV-
2 infection with the original virus or pre-Omicron variants
elicited > 80% protection against reinfection with the original
virus11–13 or with Alpha (B.1.1.7),14 Beta (B.1.351)15 and Delta
(B.1.617.2)16 variants, protection against reinfection with Omi-
cron subvariants is below 60%.16,17 Reinfections have become
common since Omicron emergence.17

We sought to answer three questions of relevance to the
future of this pandemic: (i) When infected with a pre-Omicron
variant, how long does protection persist against reinfection with
pre-Omicron variants? (ii) When infected with a pre-Omicron
variant, how long does protection persist against reinfection with
an Omicron subvariant? (iii) When infected with any variant,
how long does protection persist against severe, critical or fatal
COVID-19? Answers to these questions help us to understand
duration of protection resulting from natural-infection, effects
of viral evasion of the immune system on this duration and
effectiveness of natural infection against COVID-19 severity
when reinfection occurs.

Three studies were conducted to answer these questions in
Qatar, a country that experienced five SARS-CoV-2 waves domi-
nated by each of the original virus,11 Alpha,14 Beta,15 Omicron
BA.1 and BA.2,18 and currently Omicron BA.4 and BA.5,19

in addition to a prolonged low-incidence phase dominated by
Delta.4

Methods

Study population and data sources

This study was conducted in the population of Qatar and anal-
ysed COVID-19 data for laboratory testing, vaccination, hospi-
talization and death, retrieved from the national digital-health
information platform. Databases include all SARS-CoV-2-related
data, with no missing information since pandemic onset, such

as all polymerase chain reaction (PCR) tests, and starting from
5 January 2022, rapid antigen tests conducted at healthcare
facilities. Further descriptions of the study population and these
national databases were reported previously.4,15,17,20,21

Study designs and cohorts

We conducted three matched, retrospective cohort studies
that emulated randomized ‘target trials’.21,22 In each study,
incidence of infection or of severe,23 critical23 or fatal24 COVID-
19 was compared in the national cohort of individuals with
a documented SARS-CoV-2 primary (first) infection prior to
vaccination (designated the primary-infection cohort) to the
national (control) cohort of individuals who are infection-naïve
and unvaccinated (designated the infection-naïve cohort).

Documentation of infection in all cohorts was based on pos-
itive PCR or rapid antigen tests. Laboratory methods are found
in Supplementary Section S1. Classification of COVID-19 case
severity (acute-care hospitalizations),23 criticality (intensive-care-
unit hospitalizations) 23 and fatality24 followed World Health
Organization guidelines (Supplementary Section S2).

Cohort matching and follow-up

Individuals in the primary-infection cohort were exact-matched
in a one-to-one ratio by sex, 10-year age group, nationality and
comorbidity count (none, 1–2 comorbidities, 3 or more comor-
bidities) to individuals in the infection-naïve cohort, to control
for differences in risk of SARS-CoV-2 infection in Qatar.20,25–28

Matching by these factors was shown previously to provide ade-
quate control of differences in risk of infection.4,29–32 Matching
was also done by the calendar week of SARS-CoV-2 testing. That
is, an individual who was diagnosed with a primary infection
in a specific calendar week was matched to an infection-naïve
individual who had a record of a SARS-CoV-2-negative test in
that same week (Supplementary Figures S1–S3). This matching
ensures that all individuals in all cohorts had active presence in
Qatar at the same calendar time. Matching was performed using
an iterative process so that each individual in the infection-naïve
cohort was alive, infection-free and unvaccinated at the start of
follow-up.

SARS-CoV-2 reinfection is conventionally defined as a docu-
mented infection ≥90 days after an earlier infection, to avoid mis-
classification of prolonged PCR positivity as reinfection.12,13,16

Therefore, each matched pair was followed from the calendar
day an individual in the primary-infection cohort completed
90 days after a documented primary infection.

https://academic.oup.com/jtm/article-lookup/doi/10.1093/jtm/taac109#supplementary-data
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For exchangeability, both members of each matched pair were
censored on the date of first-dose vaccination of an individual
in either cohort.21,33 Individuals were followed up until the
first of any of the following events: a documented SARS-CoV-
2 infection, i.e. the first PCR-positive or rapid-antigen-positive
test after the start of follow-up, regardless of symptoms, or first-
dose vaccination (with matched pair censoring), or death or end
of study censoring.

Pre-Omicron reinfection study

This study estimated the effectiveness of a pre-Omicron primary
infection against reinfection with a pre-Omicron variant. Any
individual with a documented primary infection between 28
February 2020 (pandemic onset in Qatar) and 30 November
2021 was eligible for inclusion in the primary-infection cohort,
provided that the individual received no vaccination before the
start of follow-up, 90 days after primary infection. Any indi-
vidual with a SARS-CoV-2-negative test during this period was
eligible for inclusion in the infection-naïve cohort, provided that
the individual had no record of infection or vaccination before
the start of follow-up. Follow-up was from the 90th day after
primary infection until 30 November 2021 (first evidence of
Omicron in Qatar16,21 to ensure that incidence during the study
was only due to a pre-Omicron variant). The primary study
outcome was incidence of infection. The secondary outcome was
incidence of severe, critical or fatal COVID-19.

Omicron reinfection study

This study estimated the effectiveness of a pre-Omicron primary
infection against reinfection with an Omicron subvariant. Any
individual with a documented primary infection from 28 Febru-
ary 2020 until 30 November 2021 was eligible for inclusion in
the primary-infection cohort, absent any record of reinfection or
vaccination before the start of follow-up. Any individual with
a SARS-CoV-2-negative test during this period was eligible for
inclusion in the infection-naïve cohort, absent any record of
infection or vaccination before the start of follow-up. Follow-
up was from 19 December 2021 (onset of the Omicron wave in
Qatar),16,21 if the primary infection occurred ≥90 days before this
date. Follow-up was from the 90th day after primary infection if
the primary infection occurred < 90 days before 19 December
2021. Follow-up was until 5 June 2022. The primary study
outcome was incidence of infection. The secondary outcome was
incidence of severe, critical or fatal COVID-19.

COVID-19 severity reinfection study

This study estimated the effectiveness of a primary infection
against severe, critical or fatal COVID-19 reinfection, irrespec-
tive of the variant of primary infection or reinfection. Any
individual with a documented primary infection between 28
February 2020 and 5 June 2022 was eligible for inclusion in the
primary-infection cohort, provided that the individual received
no vaccination before the start of follow-up, 90 days after
primary infection. Any individual with a SARS-CoV-2-negative

test during this period was eligible for inclusion in the infection-
naïve cohort, absent any record of infection or vaccination before
the start of follow-up. The primary study outcome was incidence
of severe, critical or fatal COVID-19. The secondary outcome
was incidence of infection.

Statistical analysis

Eligible and matched cohorts were described using frequency
distributions and measures of central tendency, and were
compared using standardized mean differences (SMDs). An
SMD < 0.1 indicated adequate matching.34 Cumulative incidence
of infection (defined as the proportion of individuals at risk,
whose primary endpoint during follow-up was a reinfection for
the primary-infection cohort, or an infection for the infection-
naïve cohort) was estimated using the Kaplan–Meier estimator
method.35 Incidence rate of infection in each cohort, defined
as the number of identified infections divided by the number
of person-weeks contributed by all individuals in the cohort,
was estimated with its 95% confidence interval (CI) using a
Poisson log-likelihood regression model with the Stata 17.0
stptime command.

The hazard ratio, comparing incidence of infection in both
cohorts, and the corresponding 95% CI were calculated using
Cox regression adjusted for matching factors with the Stata
17.0 stcox command. Schoenfeld residuals and log–log plots
for survival curves were used to test the proportional-hazards
assumption and to investigate its adequacy. About 95% CIs were
not adjusted for multiplicity; thus, they should not be used to
infer definitive differences between cohorts. Interactions were
not considered. Effectiveness against reinfection was estimated
using the equation: Effectiveness = 1−adjusted hazard ratio.
Analogous analyses were used when the outcome was severe,
critical or fatal COVID-19.

Subgroup analyses were conducted to investigate waning of
protection over time. Adjusted hazard ratios were estimated by
month since primary infection using separate Cox regressions
with ‘failures’ restricted to specific months, in the Pre-Omicron
Reinfection Study and the COVID-19 Severity Reinfection Study.
Adjusted hazard ratios were also calculated in the Omicron
Reinfection Study, but stratified by 3-calendar-month primary-
infection sub-cohorts. Additional analyses restricting matched
cohorts to those ≥50 years of age were conducted. Sensitiv-
ity analyses adjusting effectiveness estimates for differences in
testing frequency between cohorts were conducted.

Waning of protection was fitted to the Gompertz function36

using the Stata 17.0 nl command. This function has been used to
describe decay of immunity, such as against smallpox,36 and pro-
vided a suitable description of waning of protection as assessed
by an empiric goodness-of-fit. Statistical analyses were con-
ducted using Stata/SE version 17.0 (Stata Corporation, College
Station, TX, USA).

Oversight

Hamad Medical Corporation and Weill Cornell Medicine-Qatar
Institutional Review Boards approved this retrospective study
with a waiver of informed consent. The study was reported fol-
lowing the Strengthening the Reporting of Observational Studies
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in Epidemiology (STROBE) guidelines. The STROBE checklist is
found in Supplementary Table S1.

Results

Pre-Omicron reinfection study

Supplementary Figure S1 shows the population selection process
and Table 1 describes the baseline characteristics of the full and
matched cohorts. The matched cohorts each included 290 638
individuals.

There were 1806 reinfections in the primary-infection cohort
during follow-up, of which six progressed to severe and one to
fatal COVID-19 (Supplementary Figure S1). Meanwhile, there
were 11 957 infections in the infection-naïve cohort, of which
297 progressed to severe, 19 to critical and 12 to fatal COVID-
19. Cumulative incidence of infection was 1.7% (95% CI: 1.6–
1.8%) for the primary-infection cohort and 9.6% (95% CI:
9.4–9.9%) for the infection-naïve cohort, 15 months after the
primary infection (Figure 1A).

The overall hazard ratio for infection, adjusted for sex, 10-
year age group, 10 nationality groups, comorbidity count and
SARS-CoV-2 test calendar week, was 0.14 (95% CI: 0.14–0.15;
Table 2). Effectiveness of pre-Omicron primary infection against
pre-Omicron reinfection was 85.5% (95% CI: 84.8–86.2%).
Effectiveness increased slowly after the primary infection and
reached 90.5% (95% CI: 88.4–92.3%) in the seventh month
after the primary infection (Figure 2A). Starting in the 8th month,
effectiveness waned slowly and reached ∼ 70% by the 16th
month. Fitting the waning of protection to a Gompertz curve
suggested that effectiveness reaches 50% in the 22nd month
and < 10% by the 32nd month (Figure 3).

Effectiveness of pre-Omicron primary infection against
severe, critical or fatal COVID-19 due to pre-Omicron rein-
fection was 98.0% (95% CI: 95.7–99.0%; Table 2). In the
additional analysis restricting the matched cohorts to the sub-
cohorts ≥50 years of age (25 595 individuals), effectiveness
against reinfection and against severe, critical or fatal COVID-
19 reinfection was 90.7% (95% CI: 88.4–92.5%) and 97.4%
(95% CI: 91.9–99.2%), respectively. In the sensitivity analysis
adjusting the overall hazard ratio by the ratio of testing
frequency, effectiveness against reinfection was 79.5% (95%
CI: 78.4–80.5%). More results are in Section S3.

Omicron reinfection study

Supplementary Figure S2 shows the process of population selec-
tion and Table 1 describes the baseline characteristics of the
full and matched cohorts. The matched cohorts each included
120 483 individuals.

There were 7995 reinfections in the primary-infection cohort
during follow-up, of which five progressed to severe COVID-
19 (Supplementary Figure S2). Meanwhile, there were 12 230
infections in the infection-naïve cohort, of which 26 progressed
to severe, 7 to critical and 5 to fatal COVID-19. Cumulative
incidence of infection was 6.8% (95% CI: 6.7–6.9%) for the
primary-infection cohort and 10.4% (95% CI: 10.2–10.6%) for
the infection-naïve cohort, 165 days after the start of follow-up
(Figure 1B).

Figure 1. (A) Cumulative incidence of infection in the pre-Omicron

Reinfection Study. (B) Cumulative incidence of infection in the Omicron

Reinfection Study. (C) Cumulative incidence of severe, critical or fatal

COVID-19 in the COVID-19 Severity Reinfection Study.

The overall adjusted hazard ratio for infection was 0.62 (95%
CI: 0.60–0.64; Table 2). Effectiveness of pre-Omicron primary
infection against Omicron reinfection was 38.1% (95% CI:
36.3–39.8%). Effectiveness varied for the primary-infection sub-
cohorts (Figure 2B). It was ∼ 60% for those with a more recent
primary infection, between 1 June 2021 and 30 November 2021,
during Delta-dominated incidence.4,37,38 Effectiveness declined
with time since primary infection and was 17.0% (95% CI:
10.1–23.5%) for those with a primary infection between 1
December 2020 and 28 February 2021, during Alpha-dominated
incidence.4,37,38 However, higher effectiveness of ∼ 50% was
estimated for those with a primary infection before 31 August
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Table 2. Hazard ratios for the incidence of SARS-CoV-2 infection and incidence of severe, critical or fatal COVID-19 in the Pre-Omicron

Reinfection Study, Omicron Reinfection Study and COVID-19 Severity Reinfection Study

Epidemiological measure Primary-infection

cohort

Infection-naïve

cohort

Pre-Omicron Reinfection Study

Primary outcome

Total follow-up time (person-weeks) 6 578 466 6 432 430
Incidence rate of infection (per 10 000 person-weeks) 2.8 (2.6–2.9) 18.6 (18.3–18.9)
Unadjusted hazard ratio for SARS-CoV-2 infection (95% CI) 0.15 (0.14–0.15)
Adjusted hazard ratio for SARS-CoV-2 infectiona (95% CI) 0.14 (0.14–0.15)
Effectiveness against SARS-CoV-2 infection in % (95% CI) 85.5 (84.8–86.2)

Secondary outcome

Unadjusted hazard ratio for severe, critical or fatal COVID-19b (95% CI) 0.02 (0.01–0.04)
Adjusted hazard ratio for severe, critical or fatal COVID-19a,b (95% CI) 0.02 (0.01–0.04)
Effectiveness against severe, critical or fatal COVID-19a,b (95% CI) 98.0 (95.7–99.0)

Omicron Reinfection Study

Primary outcome

Total follow-up time (person-weeks) 2 493 870 2 411 571
Incidence rate of infection (per 10 000 person-weeks) 32.1 (31.4–32.8) 50.7 (49.8–51.6)
Unadjusted hazard ratio for SARS-CoV-2 infection (95% CI) 0.64 (0.62–0.66)
Adjusted hazard ratio for SARS-CoV-2 infectiona (95% CI) 0.62 (0.60–0.64)
Effectiveness against SARS-CoV-2 infection in % (95% CI) 38.1 (36.3–39.8)
Secondary outcome
Unadjusted hazard ratio for severe, critical or fatal COVID-19b (95% CI) 0.13 (0.05–0.33)
Adjusted hazard ratio for severe, critical or fatal COVID-19a,b (95% CI) 0.11 (0.04–0.29)
Effectiveness against severe, critical or fatal COVID-19a,b (95% CI) 88.6 (70.9–95.5)

Reinfection COVID-19 Severity Study

Primary outcome

Total follow-up time (person-weeks) 9 290 507 9 022 235
Incidence rate of severe, critical or fatal COVID-19 (per 10 000 person-weeks) 0.01 (0.01–0.02) 0.40 (0.36–0.44)
Unadjusted hazard ratio for severe, critical or fatal COVID-19b (95% CI) 0.03 (0.01–0.05)
Adjusted hazard ratio for severe, critical or fatal COVID-19a,b (95% CI) 0.03 (0.01–0.05)
Effectiveness against severe, critical or fatal COVID-19a,b (95% CI) 97.3 (94.9–98.6)

Secondary outcome

Unadjusted hazard ratio for SARS-CoV-2 infection (95% CI) 0.31 (0.30–0.32)
Adjusted hazard ratio for SARS-CoV-2 infectiona (95% CI) 0.31 (0.30–0.31)
Effectiveness against SARS-CoV-2 infection in % (95% CI) 69.4 (68.6–70.3)

CI denotes confidence interval, COVID-19 coronavirus disease 2019, and SARS-CoV-2 severe acute respiratory syndrome coronavirus 2.
aCox regression analysis adjusted for sex, 10-year age group (Table 1), 10 nationality groups (Table 1), comorbidity count (Table 1) and calendar week of the SARS-CoV-2 test. bSeverity,23

criticality23 and fatality24 were defined according to the World Health Organization guidelines.

2020, during original-virus incidence (note discussion in Supple-
mentary Section S3).4,37,38 Fitting the waning of protection to a
Gompertz curve suggested that effectiveness reaches 50% in the
8th month after primary infection and < 10% by the 15th month
(Figure 3).

Effectiveness of pre-Omicron primary infection against
severe, critical or fatal COVID-19 due to Omicron reinfection
was 88.6% (95% CI: 70.9–95.5%; Table 2). In the additional
analysis restricting the matched cohorts to the sub-cohorts
≥50 years of age (6304 individuals), effectiveness against
reinfection and against severe, critical or fatal COVID-19

reinfection was 21.6% (95% CI: 11.1–31.0%) and 84.6%
(95% CI: 59.7–94.1%), respectively. In the sensitivity analysis
adjusting the overall hazard ratio by the ratio of testing
frequency, effectiveness against reinfection was 31.7% (95%
CI: 29.7–33.6%). More results are in Supplementary Section S3.

COVID-19 severity reinfection study

Supplementary Figure S3 shows the process of population
selection and Supplementary Table S2 describes the baseline

https://academic.oup.com/jtm/article-lookup/doi/10.1093/jtm/taac109#supplementary-data
https://academic.oup.com/jtm/article-lookup/doi/10.1093/jtm/taac109#supplementary-data
https://academic.oup.com/jtm/article-lookup/doi/10.1093/jtm/taac109#supplementary-data
https://academic.oup.com/jtm/article-lookup/doi/10.1093/jtm/taac109#supplementary-data
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Figure 2. (A) Effectiveness of pre-Omicron primary infection against pre-Omicron reinfection. (B) Effectiveness of pre-Omicron primary infection

against Omicron reinfection. (C) Effectiveness of primary infection with any variant against severe, critical or fatal COVID-19 due to reinfection with

any variant.

characteristics of the full and matched cohorts. The matched
cohorts each included 407 214 individuals.

There were 7082 reinfections in the primary-infection cohort
during follow-up, of which nine progressed to severe and
one progressed to fatal COVID-19 (Supplementary Figure S3).
Meanwhile, there were 21 645 infections in the infection-naïve

cohort, of which 315 progressed to severe, 25 to critical and
18 to fatal COVID-19. Cumulative incidence of severe, critical
or fatal COVID-19 was 0.00% (95% CI: 0.00–0.01%) for the
primary-infection cohort and 0.21% (95% CI: 0.19–0.23%) for
the infection-naïve cohort, 15 months after the primary infection
(Figure 1C).

https://academic.oup.com/jtm/article-lookup/doi/10.1093/jtm/taac109#supplementary-data
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The overall adjusted hazard ratio for severe, critical or
fatal COVID-19 was estimated at 0.03 (95% CI: 0.01–0.05;
Table 2). Effectiveness of primary infection with any variant
against severe, critical or fatal COVID-19 due to reinfection
with any variant was 97.3% (95% CI: 94.9–98.6%). Variation
by month after primary infection was negligible, with no evidence
for waning (Figure 2C). Effectiveness was ∼ 100% up to the 14th
month after primary infection.

Effectiveness of primary infection with any variant against
reinfection with any variant was 69.4% (95% CI: 68.6–70.3%;
Table 2). In the additional analysis restricting the matched
cohorts to the sub-cohorts ≥50 years of age (31 108 individuals),
effectiveness against reinfection and against severe, critical
or fatal COVID-19 was 75.3% (95% CI: 72.0–78.2%) and
95.4% (95% CI: 89.4–98.0%), respectively. More results are in
Supplementary Section S3.

Discussion

Protection of natural infection waned with time after primary
infection, prior to Omicron emergence, and reached ∼ 70% by
the 16th month. This waning likely reflects genuine waning
in biological immunity rather than viral immune evasion, as
pre-Omicron variants demonstrated much less immune evasion
than Omicron.14–17 This waning in natural immunity mirrors
that of vaccine immunity,4,6,31 but at a slower rate. Vaccine
immunity may last for only a year,4,6,31 but natural immunity,
assuming Gompertz decay, may last for 3 years, as also suggested
by long-term follow-up of SARS-CoV-1-associated antibodies,39

and incidentally not dissimilar to pandemic-influenza-associated
antibodies.40

Immune evasion of Omicron subvariants reduced overall
protection of pre-Omicron natural immunity and accelerated its
waning (Figure 3), mirroring the effect of Omicron on vaccine
immunity, but at a slower rate. Vaccine immunity against Omi-
cron subvariants lasts for < 6 months,5,7,8,41 but pre-Omicron
natural immunity, assuming Gompertz decay, may last for just
over a year.

Despite waning protection against reinfection, strikingly,
there was no evidence for waning of protection against
severe COVID-19 at reinfection. This remained ∼ 100%, even
14 months after the primary infection, with no appreciable effect
for Omicron immune evasion in reducing it. This pattern also
mirrors that of vaccine immunity, which wanes rapidly against
infection, but is durable against severe COVID-19, regardless of
variant.4,6–8,31

Infection with common-cold coronaviruses, and perhaps
influenza,42 induces only a year-long immunity against rein-
fection,10 but life-long immunity against severe reinfection.2 To
what extent this pattern reflects waning in biological immunity
or immune evasion with virus evolution over the global season is
unclear. The above results suggest that SARS-CoV-2 may exhibit
a similar pattern to that of common-cold coronaviruses within
few years. Short-term biological immunity against reinfection of
3 years may decline as a result of viral evolution and immune
evasion, leading to periodic (possibly annual) waves of infection.
However, the lasting immunity against severe reinfection will
contribute to a pattern of benign infection. Most primary

infections would occur in childhood and would likely not be
severe. Adults would only experience periodic reinfections, also
not likely to be severe.

This study has limitations. We investigated the incidence
of documented infections, but other infections may have
occurred and gone undocumented. Undocumented infections
confer immunity or boost existing immunity,43–46 thereby
perhaps affecting the estimates (note Supplementary Section S3).
Differences in testing frequency existed between the followed
cohorts, but these were small and adjusted estimates in sensitivity
analyses confirmed similar findings. Gompertz function36 was
used to parametrize immunity decay, based on empiric goodness-
of-fit, but this analysis serves only as an informed exploratory
extrapolation that remains to be confirmed with more follow-up
of cohorts. With Qatar’s young population, our findings may
not be generalizable to other countries where elderly citizens
constitute a larger proportion of the total population. However,
additional analyses restricting the matched cohorts to those
≥50 years of age showed findings resembling those for the total
population.

Depletion of the primary-infection cohorts by COVID-19
mortality at time of primary infection may have biased these
cohorts toward healthier individuals with stronger immune
responses. However, COVID-19 mortality has been low in
Qatar’s predominantly young population,20,47 totaling 679
COVID-19 deaths (<0.1% of primary infections) up to 29 June
2022, and much smaller than the size of the study cohorts. A
survival effect seems unlikely to explain or appreciably affect
the study findings, apart perhaps from protection against severe
COVID-19. The present studies investigated the protection of
any documented infection regardless of presence of symptoms or
severe disease, but it is conceivable that there could be differences
in the protection depending on the severity scale of symptoms at
the primary infection. Such differences in protection remains to
be investigated.

Vaccination prior to Omicron introduction in Qatar was
effective in preventing infection acquisition.4,21,30,31,48 All three
pre-Omicron waves in this country occurred before the mass
scale-up of vaccination.4 The subsequent rapid scale-up of vacci-
nation led to large attrition in the followed cohorts due to cen-
soring at vaccination (Supplementary Figure S1). Vaccine roll-
out proceeded in phases in which vaccination was prioritized
first to frontline healthcare workers, persons with severe or
multiple chronic conditions and persons ≥70 years of age.4

Vaccination was then gradually extended by one age group at a
time and to select professional groups (such as teachers), with
age being a principal criterion for vaccine eligibility through-
out the rollout.4 Vaccination of children and adolescents was
substantially delayed compared with that of adults.41 Therefore,
there are differences between vaccinated individuals and unvac-
cinated individuals and these differences changed with time.
These factors indirectly affected the composition of the primary-
infection cohorts and their matched cohorts. The cohorts thus
may not be exactly representative of the total population of
Qatar. The reported results are applicable to the specific cohorts
of the present studies and may not be generalizable to other
populations.

As an observational study, investigated cohorts were nei-
ther blinded nor randomized, so unmeasured or uncontrolled

https://academic.oup.com/jtm/article-lookup/doi/10.1093/jtm/taac109#supplementary-data
https://academic.oup.com/jtm/article-lookup/doi/10.1093/jtm/taac109#supplementary-data
https://academic.oup.com/jtm/article-lookup/doi/10.1093/jtm/taac109#supplementary-data
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Figure 3. Extrapolated effectiveness of pre-Omicron primary infection against pre-Omicron reinfection, and extrapolated effectiveness of pre-Omicron

primary infection against Omicron reinfection.

confounding cannot be excluded. Although matching was done
for sex, age, nationality, comorbidity count and timing of pri-
mary infection, this was not possible for other factors such
as geography or occupation, as such data were unavailable.
However, Qatar is essentially a city state and infection incidence
was broadly distributed across neighbourhoods. Nearly 90%
of Qatar’s population are expatriates from over 150 countries,
coming here because of employment.20 Most are craft and man-
ual workers working in development projects.20 Nationality, age
and sex provide a powerful proxy for socio-economic status in
this country.20,25–28 Nationality alone is strongly associated with
occupation.20,26–28

Matching was done to control for factors that affect
infection exposure in Qatar.20,25–28 The matching prescription
had already been investigated in previous studies of different
epidemiologic designs, and using control groups to test for
null effects.4,29–32 These control groups included unvaccinated
cohorts versus vaccinated cohorts within 2 weeks of the first
dose,4,29–31 when vaccine protection is negligible,49 and mRNA-
1273 versus BNT162b2-vaccinated cohorts, also in the first
2 weeks after the first dose.32 These studies have shown that
this prescription provides adequate control of the differences in
infection exposure.4,29–32 These analyses were implemented using
Qatar’s total population with large sample sizes, thus minimizing
the likelihood of bias.

In conclusion, protection of natural infection against rein-
fection wanes and may diminish within a few years. Omicron
immune evasion accelerates this waning. Meanwhile, protection
against severe reinfection is very strong with no evidence for
waning, regardless of variant, for over 14 months after the
primary infection.

Supplementary data

Supplementary data are available at JTM online.
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