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The diverse population of Qatar

Of 2.8 million people,
89% are expatriates from
over 150 countries.



Omicron variant
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National, federated databases for COVID-19 that
include all SARS-CoV-2-related such as PCR testing,
rapid antigen testing, vaccinations,
hospitalizations, and infection severity and
mortality classifications per WHO guidelines



Natural immunity due to pre-
Omicron infection



Protection of natural immunity before Omicron

Pre-Omicron Reinfection Study
Primary-infection cohort
Median (IQR) of length of follow-up

o | Primary-infection cohort: 154 (65-224) days
Infection-naive cohort: 151 (61-219) days
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Incidence of index virus, Alpha,
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Cumulative infection incidence (%)
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Effectiveness of primary infection
against reinfection is 85.5% (84.8-86.2%)

Chemaitelly et al. Duration of immune protection of SARS-CoV-2 natural infection against reinfection in Qatar. medRxiv
2022:2022.07.06.22277306.



Waning of natural immunity before Omicron

A Effectiveness of primary infection witth a pre-Omicron variant against reinfection with a pre-Omicron variant
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Evidence for waning of protection
over time

Chemaitelly et al. Duration of immune protection of SARS-CoV-2 natural infection against reinfection in Qatar. medRxiv
2022:2022.07.06.22277306.



Modeled waning pattern

Predicted effectiveness of primary infection against reinfection
with a pre-Omicron variant

Fitting the data to _—
Gompertz decay. § ool

Months after primary infection

A 3-year protection

Chemaitelly et al. Duration of immune protection of SARS-CoV-2 natural infection against reinfection in Qatar. medRxiv
2022:2022.07.06.22277306.



Protection of natural immunity against Omicron
infection

B Omicron Reinfection Study
Natural-infection cohort Infection-naive cohort
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Effectiveness of pre-Omicron primary infection
against reinfection is 38.1% (36.3-39.8%)

Chemaitelly et al. Duration of immune protection of SARS-CoV-2 natural infection against reinfection in Qatar. medRxiv
2022:2022.07.06.22277306. ?



Waning of natural immunity against Omicron
infection

B Effectiveness of primary infection with a pre-Omicron variant against reinfection with Omicron
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Evidence for rapid waning of
protection over time

Chemaitelly et al. Duration of immune protection of SARS-CoV-2 natural infection against reinfection in Qatar. medRxiv
2022:2022.07.06.22277306.



Effect of viral immune evasion on pre-Omicron
Immunity

LS ¢ Predicted effectiveness of primary infection with a pre-Omicron variant against reinfection with a pre-Omicron variant

* e, A Predicted effectiveness of primary infection with a pre-Omicron variant against reinfection with Omicron

Major immune evasion: l .

* Reduces the overall level _"|..7 S Effect of immune
of protection “ e . evasion

* Accelerates the waning  § «| . .
of the protection . '

Months after primary infection

Chemaitelly et al. Duration of immune protection of SARS-CoV-2 natural infection against reinfection in Qatar. medRxiv

2022:2022.07.06.22277306. »



Natural immunity due to Omicron
infection



Protection of an Omicron subvariant against
another Omicron subvariant

Omicron subvariant Effectiveness (95% Cl)
BA.1 against BA.21 94.2% (89.2-96.9)
BA.2 against BA.11 80.9% (73.1-86.4)
BA.1/BA.2 against BA.4/BA.52 79.7% (74.3-83.9)

1Chemaitelly et al. Protection of Omicron sub-lineage infection against reinfection with another Omicron sub-lineage. Nat
Commun 2022; 13(1): 4675.

2Altarawneh HN, Chemaitelly H, Ayoub HH, et al. Protection of SARS-CoV-2 natural infection against reinfection with the Omicron
BA.4 or BA.5 subvariants. medRxiv 2022:2022.07.11.22277448.



Protection of primary infection
against COVID-19 hospitalization or
death at reinfection



Protection against severe COVID-19 at reinfection

AC Remfectlon COVID-19 Severlty Study
;fi Primary-infection cohort Infection-naive cohort
é e Median (IQR) of length of follow-up ﬁ
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Effectiveness of primary mfectlon agalnst
severe, critical, or fatal COVID-19 at reinfection is

97.3% (95.0-98.6%)

Chemaitelly et al. Duration of immune protection of SARS-CoV-2 natural infection against reinfection in Qatar. medRxiv
2022:2022.07.06.22277306.
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Vaccine immunity
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Abu-Raddad et al. Effectiveness of the BNT162b2 Covid-19 Vaccine against the B.1.1.7 and B.1.351 Variants. N Engl J Med
2021,385:187-9.

Abu-Raddad et al. J Travel Med. 2021 May 28:taab083. doi: 10.1093/jtm/taab083.
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Effectiveness (%)

BNT162b2 vaccine protection against Beta
variant

BNT162b2

Effectiveness against infection with the §.1.351 variant
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Abu-Raddad et al. Effectiveness of the BNT162b2 Covid-19 Vaccine against the B.1.1.7 and B.1.351 Variants. N Engl J Med

2021,385:187-9.

Abu-Raddad et al. J Travel Med. 2021 May 28:taab083. doi: 10.1093/jtm/taab083.
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Effectiveness (%)

Waning of BNT162b2 and mRNA-1273 vaccine
effectiveness against infection

BNT162b2 MRNA-1273

Effectiveness against any SARS-CoV-2 infection
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Chemaitelly et al. Waning of BNT162b2 Vaccine Protection against SARS-CoV-2 Infection in Qatar. N Engl J Med 2021, 385(24): e83.
Abu-Raddad et al. Waning mRNA-1273 Vaccine Effectiveness against SARS-CoV-2 Infection in Qatar. N Engl J Med 2022;386:1091-3.



MRNA-1273 versus BNT162b2 effectiveness: A
retrospective controlled target trial

MRNA-1273 is associated with 30% less
incidence of breakthrough infection than
BNT162b2

Abu-Raddad et al. Effectiveness of mRNA-1273 and BNT162b2 Vaccines
in Qatar. N Engl J Med 2022;386:799-800.
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Effectiveness (%)

Waning of BNT162b2 and mRNA-1273 vaccine
effectiveness against infection

BNT162b2 MRNA-1273

Effectiveness against any SARS-CoV-2 infection
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Chemaitelly et al. Waning of BNT162b2 Vaccine Protection against SARS-CoV-2 Infection in Qatar. N Engl J Med 2021, 385(24): e83.
Abu-Raddad et al. Waning mRNA-1273 Vaccine Effectiveness against SARS-CoV-2 Infection in Qatar. N Engl J Med 2022;386:1091-3.



Effectiveness of BNT162b2 against symptomatic
Omicron infection

Effectiveness of BNT162b2 against any symptomatic Omicron infection
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Chemaitelly et al. Duration of mRNA vaccine protection against SARS-CoV-2 Omicron BA.1 and BA.2 subvariants in Qatar. Nature
Communications 2022;13:3082. 22




Effectiveness of BNT162b2 booster against
symptomatic Omicron infection

Booster effectiveness against
symptomatic Omicron infection
relative to primary series was
49.4% (95% Cl: 47.1-51.6%)

Booster effectiveness against COVID-
19 hospitalization and death due to
Omicron infection, relative to
primary series, was

76.5% (95% Cl: 55.9-87.5%)

A Symptomatic Omicron Infection after BNT162b2 Vaccination
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Abu-Raddad et al. Effect of mRNA Vaccine Boosters against SARS-CoV-2 Omicron Infection in Qatar. N Engl J Med

2022;386:1804-16.
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Waning of BNT162b2 vaccine effectiveness
against hospitalization and death

B Effectiveness against Any Severe, Critical, or Fatal Case of Covid-19
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No evidence for major waning of protection against hospitalization and death

Chemaitelly et al. Waning of BNT162b2 Vaccine Protection against SARS-CoV-2 Infection in Qatar. N Engl J Med 2021;
385(24): e83.



Vaccine protection among
children and adolescents



Effectiveness of the pediatric 10-pug BNT162b2 vaccine
against infection with Omicron in children 5-11 years old

Pediatric Omicron 10-ug BNT162b2 Study
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Chemaitelly et al. Effectiveness of the BNT162b2 vaccine against SARS-CoV-2 infection among children and adolescents
in Qatar. medRxiv 2022: 2022.07.26.22278045. 26



Waning of effectiveness of the pediatric 10-pg
BNT162b2 vaccine against infection with Omicron
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Chemaitelly et al. Effectiveness of the BNT162b2 vaccine against SARS-CoV-2 infection among children and adolescents
in Qatar. medRxiv 2022: 2022.07.26.22278045.
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Waning of effectiveness of the 30-ug BNT162b2
vaccine against infection with Omicron variant

Effectiveness of the 30-ug BNT162b2 vaccine against infection with an Omicron subvariant
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Chemaitelly et al. Effectiveness of the BNT162b2 vaccine against SARS-CoV-2 infection among children and adolescents
in Qatar. medRxiv 2022: 2022.07.26.22278045.



Natural immunity
versus
Vaccine immunity



Protection of prior natural infection compared to vaccination
with BNT162b2: A retrospective controlled target trial

Natural infection versus BNT162b2 vaccination
BNT162b2-vaccinated cohort

Matural-infection cohort

20

Median (IQR) of length of follow-up
Matural-infection cohort: 104 (30-207) days
BNT162b2-vaccinated cohort: 109 (31-218) days

15

Adjusted hazard ratio for SARS-CoV-2
infection: 0.47 (95% Cl: 0.45-0.48)

Adjusted hazard ratio for severe COVID-19
0.24 (95% Cl: 0.08-0.72)

Cumulative infection incidence (%)
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Chemaitelly et al. Protection of prior natural infection compared to mRNA vaccination against SARS-CoV-2 infection and severe COVID-
19 in Qatar. medRxiv 2022:2022.03.17.22272529.
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Protection of prior natural infection compared to vaccination
with mRNA-1273: A retrospective controlled target trial

Natural infection versus mRNA-1273 vaccination
mRNA-1273-vaccinated cohort
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MNatural-infection cohort

Median (IQR) of length of follow-up
Natural-infection cohort: 166 (39-256) days
mMRNA-1273-vaccinated cohort: 162 (39-242) days

15

Adjusted hazard ratio for SARS-CoV-2
infection: 0.51 (95% Cl: 0.49-0.54)

Adjusted hazard ratio for severe COVID-19:
0.24 (95% Cl: 0.05-1.19)
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Chemaitelly et al. Protection of prior natural infection compared to mRNA vaccination against SARS-CoV-2 infection and severe COVID-
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Hybrid immunity of natural and
vaccine immunity



Effectiveness of hybrid immunity against Omicron

C Effectiveness of Previous Infection and mRNA-1273 against
Any Symptomatic Omicron Infection
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More than two years into the COVID-19
pandemic, the global population carries
heterogenous immune histories derived from
various exposures to infection, viral variants,
and vaccination

34



Could immune imprinting
("antigenic sin") compromise
protection against infection?



Immune imprinting: Basic science laboratory
evidence

Evidence at the level of binding and
neutralizing antibodies, B cell, and T cell
immunity suggests that previous SARS-CoV-2
infection history can imprint a negative
impact on subsequent protective immunity.

Reynolds CJ, Pade C, Gibbons JM, et al. Inmune boosting by B.1.1.529 (Omicron) depends on previous SARS-
CoV-2 exposure. Science 2022:eabq1841.



Two matched cohorts of those with Omicron
infections at the same time

Omicron infection

_—

Time of follow-up

Time of follow-up

Chemaitelly et al. Inmune protection against SARS-CoV-2 re-
reinfection and immune imprinting. medRxiv

- i i i Omicron infection
Pre-Omicron infection 2022:2022.08.23.22279026. .



Epidemiology of re-reinfections and immune protection
of having two infections compared to only one infection

Reinfection cohort Primary-infection cohort

A «-

Median (IQR) of length of follow-up
Reinfection cohort: 125 (114-132) days
Primary-infection cohort: 125 (114-132) days

1.5
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Chemaitelly et al. Immune protection against SARS-CoV-2 re-reinfection and immune imprinting. medRxiv 2022:2022.08.23.22279026.
38



Conclusions

* Prior to Omicron, natural immunity and vaccine immunity showed strong
protection against infection and stronger protection against severe COVID-109.

* However, the protection against infection, but not against severe COVID-19,
waned over time.

e Against Omicron, both natural and vaccine immunity showed only moderate
protection against infection that waned rapidly, but the protection against
severe COVID-19 persisted.

Natural immunity is associated with stronger protection against both infection
and severe COVID-19 and wanes more slowly than vaccine immunity.

* There is no epidemiological evidence that immune imprinting compromises
protection against Omicron subvariants.
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