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BACKGROUND
Waning of vaccine protection against coronavirus disease 2019 (Covid-19) and the 
emergence of the omicron (or B.1.1.529) variant of the severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) have led to expedited efforts to scale up 
booster vaccination. Protection conferred by booster doses of the BNT162b2 
(Pfizer–BioNTech) and mRNA-1273 (Moderna) vaccines in Qatar, as compared 
with protection conferred by the two-dose primary series, is unclear.
METHODS
We conducted two matched retrospective cohort studies to assess the effectiveness 
of booster vaccination, as compared with that of a two-dose primary series alone, 
against symptomatic SARS-CoV-2 infection and Covid-19–related hospitalization 
and death during a large wave of omicron infections from December 19, 2021, 
through January 26, 2022. The association of booster status with infection was 
estimated with the use of Cox proportional-hazards regression models.
RESULTS
In a population of 2,239,193 persons who had received at least two doses of BNT162b2 
or mRNA-1273 vaccine, those who had also received a booster were matched with 
persons who had not received a booster. Among the BNT162b2-vaccinated persons, 
the cumulative incidence of symptomatic omicron infection was 2.4% (95% confi-
dence interval [CI], 2.3 to 2.5) in the booster cohort and 4.5% (95% CI, 4.3 to 4.6) in 
the nonbooster cohort after 35 days of follow-up. Booster effectiveness against symp-
tomatic omicron infection, as compared with that of the primary series, was 49.4% 
(95% CI, 47.1 to 51.6). Booster effectiveness against Covid-19–related hospitalization 
and death due to omicron infection, as compared with the primary series, was 
76.5% (95% CI, 55.9 to 87.5). BNT162b2 booster effectiveness against symptomatic 
infection with the delta (or B.1.617.2) variant, as compared with the primary series, 
was 86.1% (95% CI, 67.3 to 94.1). Among the mRNA-1273–vaccinated persons, the 
cumulative incidence of symptomatic omicron infection was 1.0% (95% CI, 0.9 to 1.2) 
in the booster cohort and 1.9% (95% CI, 1.8 to 2.1) in the nonbooster cohort after 
35 days; booster effectiveness against symptomatic omicron infection, as compared 
with the primary series, was 47.3% (95% CI, 40.7 to 53.3). Few severe Covid-19 
cases were noted in the mRNA-1273–vaccinated cohorts.
CONCLUSIONS
The messenger RNA (mRNA) boosters were highly effective against symptomatic 
delta infection, but they were less effective against symptomatic omicron infection. 
However, with both variants, mRNA boosters led to strong protection against 
Covid-19–related hospitalization and death. (Funded by Weill Cornell Medicine–
Qatar and others.)
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Waning of vaccine protection 
against coronavirus disease 2019 
(Covid-19)1-4 and the emergence of the 

immune-evasive omicron (or B.1.1.529) variant5 
of the severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2),6,7 which is a variant of con-
cern, have stimulated efforts to scale up Covid-19 
booster vaccination. Qatar launched its third-dose 
(booster) vaccination program in mid-September 
2021. Both the BNT162b2 (Pfizer–BioNTech) and 
mRNA-1273 (Moderna) messenger RNA (mRNA) 
vaccines8,9 were used. These are the same two vac-
cines that have been used since the launch of the 
Covid-19 immunization program in Qatar.10,11

Although eligibility for booster vaccination 
was initially restricted to older adults, immuno-
compromised persons, and persons with severe 
or multiple chronic conditions, it was later ex-
panded, according to age group, to the rest of 
the population. Eligibility was first restricted to 
persons who had completed the primary series 
of two doses of vaccine at least 8 months previ-
ously, but subsequently this interval was short-
ened to 6 months. The same type of vaccine was 
used in both the primary series and booster 
vaccinations in the majority of the population, 
but the booster dose of mRNA-1273 was half the 
dose used in the primary series. As booster vac-
cination was being scaled up, the omicron variant 
was introduced into the population, leading to the 
largest epidemic wave of SARS-CoV-2 infections 
in Qatar.

We investigated the effectiveness of booster 
vaccination against symptomatic SARS-CoV-2 in-
fection and Covid-19–related hospitalization and 
death, as compared with that of the two-dose 
primary series alone. Our study population con-
sisted of the national cohort of vaccinated per-
sons in Qatar during the wave of infections with 
the omicron variant.7

Me thods

Data Sources

The study analyzed information from national, 
federated databases regarding Covid-19 vaccina-
tion, laboratory testing, hospitalization, and death. 
These data were retrieved from the integrated 
nationwide digital-health information platform. 
Databases included all SARS-CoV-2–related data 
and associated demographic information since the 
onset of the pandemic. These databases include, 

with no missing information, all polymerase-
chain-reaction (PCR) tests and, more recently, 
rapid antigen tests conducted at health care fa-
cilities on or after January 5, 2022. They also 
include all vaccination records, Covid-19–related 
hospitalizations, infection severity and fatality 
classifications according to the World Health 
Organization (WHO) guidelines,12,13 and sex, 
age, and nationality information retrieved from 
the national registry. Further descriptions of 
these national databases, such as PCR testing 
and the process for assessing infection severity, 
have been reported previously.1,2,10,11,14-20 Details 
regarding laboratory methods for reverse-tran-
scriptase–quantitative PCR testing are provided 
in Section S1 in the Supplementary Appendix, 
available with the full text of this article at 
NEJM.org.

Study Design

To estimate the effectiveness of booster vaccina-
tion with either the BNT162b2 or mRNA-1273 
vaccines, as compared with that of the two-dose 
primary series, we used a matched retrospective 
cohort study design that emulated a target trial.21,22 
The study compared the incidence of symptom-
atic breakthrough SARS-CoV-2 infection among 
persons who had received the booster dose more 
than 7 days previously (the booster cohort) with 
the incidence among persons who had not yet 
received a booster dose (the nonbooster cohort). 
The 7-day cutoff between the administration of 
the booster and the start of follow-up was in-
formed by earlier studies22-24 to ensure sufficient 
time for the buildup of immune protection. A 
14-day cutoff was also investigated in a sensitiv-
ity analysis.

All persons who had received at least two 
doses of the BNT162b2 vaccine between January 
5, 2021 (the date of the first two-dose BNT162b2 
vaccination series in Qatar), and January 26, 2022 
(the end of the study), could be included in the 
eligible cohorts of the study, provided that they 
had no previous documented infection before the 
start of follow-up. The same inclusion criteria 
applied to persons who had received the mRNA-
1273 vaccine, but the corresponding dates were 
January 24, 2021, and January 26, 2022, respec-
tively.

Matching was used to identify a cohort of pa-
tients with similar baseline characteristics. Per-
sons in the booster cohort and those in the 
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nonbooster cohort were matched exactly in a 1:1 
ratio according to sex, 10-year age group, and 
nationality to control for known differences in 
the risk of exposure to SARS-CoV-2 infection in 
Qatar.15,25-28 In a previous study that had a simi-
lar design, matching according to these factors 
was shown to provide adequate control of bias 
arising from differences in this risk. In that study, 
no meaningful difference between the matched 
mRNA-1273–vaccinated and BNT162b2-vaccinat-
ed cohorts was noted in the incidence of infec-
tion in the first 2 weeks after administration of 
the first dose,11 as had been expected, given the 
negligible vaccine protection in this 2-week pe-
riod.8,9 Moreover, in previous studies using other 
designs but the same matching, no meaningful 
difference was observed between vaccinated per-
sons and unvaccinated persons with respect to 
the incidence of infection in the first 2 weeks 
after administration of the first dose.1,2,20,29

In our study, persons were also matched ex-
actly according to the calendar week of the sec-
ond-dose vaccination in order to control for the 
time since vaccination and the waning of vaccine 
immunity over time.1,2,10,11 Matching was per-
formed through an iterative process that ensured 
that each control person in the nonbooster co-
hort was alive, infection-free, and had not re-
ceived the third dose of vaccine by the beginning 
of follow-up. For each matched pair, follow-up 
began on the eighth day after the person in the 
booster cohort received the booster dose, pro-
vided this day occurred during the wave of infec-
tions with the omicron variant (e.g., on or after 
December 19, 2021). The large exponential-
growth phase of this wave of infections started 
on December 19, 2021, and reached its peak in 
mid-January 2022.7,30

Viral whole-genome sequencing of 315 ran-
dom SARS-CoV-2–positive specimens collected be-
tween December 19, 2021, and January 22, 2022, 
was performed on a GridION sequencing device 
(Oxford Nanopore Technologies). Of these spec-
imens, 300 (95.2%) were confirmed to be omicron 
infections and 15 (4.8%) were confirmed to be 
delta (or B.1.617.2)5 infections.7,30 No cases of in-
fection with the delta variant were detected in 
the viral whole-genome sequencing after Janu-
ary 8, 2022.

Persons in the booster cohort who had re-
ceived the booster dose at least 7 days before the 
onset of the wave of omicron infections were 

followed along with their matched controls in 
the nonbooster cohort beginning on December 
19, 2021. Controls in the nonbooster cohort who 
received the booster dose at a future date were 
eligible for recruitment into the booster cohort, 
provided they were alive and infection-free at the 
start of follow-up. Accordingly, some persons 
contributed follow-up time both as persons who 
had received only a two-dose primary series and 
as persons who had received a booster, but at 
different times.

To ensure exchangeability, data on both mem-
bers of each matched pair were censored once 
the control received the booster dose.22 Accord-
ingly, follow-up continued until the first of one 
of these events: a documented SARS-CoV-2 in-
fection (defined as the first positive PCR or rapid 
antigen test after the start of follow-up, regard-
less of the presence of symptoms or the reason 
for testing [this information was available only 
for PCR tests]), booster vaccination of the con-
trol (with matched pair censoring), death, or the 
end of study censoring (on January 26, 2022).

Study Outcomes

The primary outcome of the study was symp-
tomatic infection, which was defined as a posi-
tive PCR test of a nasopharyngeal swab obtained 
because of clinical suspicion based on symptoms 
that were compatible with a respiratory tract in-
fection. The secondary outcome was any severe,12 
critical,12 or fatal13 case of Covid-19. Classifica-
tion of severe Covid-19 cases (acute-care hospi-
talizations),12 critical Covid-19 cases (hospital-
izations in an intensive care unit),12 and fatal 
Covid-19 cases (Covid-19–related deaths)13 fol-
lowed WHO guidelines, and assessments were 
made by trained medical personnel, independent 
of the study investigators, through individual 
chart reviews, as part of a national protocol for 
every hospitalized patient with Covid-19. Details 
of the Covid-19 severity, criticality, and fatality 
classification are provided in Section S2.

Every hospitalized patient with Covid-19 un-
derwent the infection severity assessment every 
3 days until discharge or death. Persons who had 
progression to severe, critical, or fatal Covid-19 
between the time of the positive PCR or rapid 
antigen test and the end of the study were clas-
sified according to the worst outcome, starting 
with death,13 followed by critical disease,12 and 
then severe disease.12
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Boosters against Omicron Infection in Qatar

Study Oversight

This retrospective study was approved by the 
institutional review boards at Hamad Medical 
Corporation and Weill Cornell Medicine–Qatar, 
with waiver of informed consent. Reporting of 
the study followed Strengthening the Reporting 
of Observational Studies in Epidemiology guide-
lines (Table S1 in the Supplementary Appendix). 
The funders of the study had no role in the study 
design, data collection, data analysis, data inter-
pretation, or writing of the manuscript. All the 
authors contributed to data collection and acqui-
sition, database development, discussion and in-
terpretation of the results, and to the writing of 
the manuscript. All the authors read and approved 
the final manuscript.

Statistical Analysis

The characteristics of the eligible and matched 
cohorts were described with the use of frequency 
distributions and measures of central tendency. 
Groups were compared with the use of stan-
dardized mean differences, with a standardized 
mean difference of less than 0.1 indicating ade-
quate matching.31 The cumulative incidence of 
symptomatic infection was defined as the per-
centage of persons at risk in whom symptom-
atic infection (the primary end point) occurred 
during follow-up, and this incidence was esti-
mated in each cohort with the use of the Kaplan–
Meier estimator method.32 The incidence rate of 
symptomatic infection in each cohort, which was 
defined as the number of identified symptom-
atic infections divided by the number of person-
weeks contributed by all persons in the cohort, 
was estimated, along with its 95% confidence 
interval, with the use of a Poisson log-likelihood 
regression model with the Stata software, ver-
sion 17.0, stptime command.

The hazard ratio for the between-cohort 
comparison of the incidence of symptomatic 
infection and the corresponding 95% confidence 
interval were calculated with the use of Cox 
regression, with adjustment for the matching 

factors with the Stata software, version 17.0, st-
cox command. Schoenfeld residuals and log–log 
plots for the survival curves were used to test the 
proportional-hazards assumption and to investi-
gate its adequacy. The 95% confidence intervals 
were not adjusted for multiplicity and thus should 
not be used to infer definitive differences between 
the cohorts. Interactions were not considered. 
The effectiveness of booster vaccination, as com-
pared with that of the two-dose primary series, 
was estimated with the following equation: vac-
cine effectiveness = 1 − adjusted hazard ratio for 
the incidence of symptomatic infection.

An additional analysis was conducted to esti-
mate vaccine effectiveness against symptomatic 
infection with the delta variant.5 In that analysis, 
the end of the study period was December 1, 
2021 (i.e., right before the date of the first detec-
tion of the omicron variant in Qatar).7,30 During 
this specific follow-up period, Qatar had a low-
incidence phase dominated by the delta vari-
ant.1,16,30,33,34 This analysis was possible only for 
the BNT162b2 vaccine because the time of fol-
low-up was limited for the mRNA-1273 cohorts.

A second additional analysis was conducted 
to estimate vaccine effectiveness according to the 
time between the second dose and the booster 
dose. Moreover, because the full effectiveness of 
the booster dose may require more than 7 days 
to develop, the main analyses were repeated, but 
with the start of follow-up on the 15th day after 
booster vaccination instead of on the 8th day 
after booster vaccination. All the analyses were 
conducted with the use of Stata/SE software, ver-
sion 17.0.

R esult s

Study Population, BNT162b2 Vaccine

Between January 5, 2021, and January 26, 2022, 
a total of 1,299,010 persons received at least two 
doses of BNT162b2 vaccine and 281,093 of those 
persons received a third (booster) dose of that 
vaccine. The median date of the first dose was 
May 3, 2021; the median date of the second dose 
was May 24, 2021; and the median date of the 
third dose was December 14, 2021 (Fig. S1). The 
median time between the first and second doses 
was 21 days (interquartile range, 21 to 22), and 
the median time between the second and boost-
er doses was 249 days (interquartile range, 232 
to 270).

Figure 1 (facing page). Cohort Selection for the Analysis 
of Effectiveness of BNT162b2 and mRNA-1273 Booster 
Vaccination.

Covid-19 denotes coronavirus disease 2019, PCR poly-
merase chain reaction, and SARS-CoV-2 severe acute 
respiratory syndrome coronavirus 2.
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The process that was used to select the popu-
lation for the BNT162b2 booster study is shown 
in Figure 1. Table 1 shows the baseline charac-
teristics of the eligible and matched cohorts. The 
study was based on the total population of Qatar, 
and thus the study population is broadly repre-
sentative of the diversity (according to national 
background) of that population, which is young 
and predominantly male (Table S2).

Effectiveness of BNT162b2 Booster  
against Omicron Variant

The median follow-up time was 22 days (inter-
quartile range, 12 to 38 days) in the booster cohort 
and 21 days (interquartile range, 11 to 38 days) in 
the nonbooster BNT162b2 cohort (Fig. S1). A total 
of 17,745 infections were recorded in the booster 
cohort 8 days or more after receipt of the boost-
er (Fig. 1 and Table S3). Twelve of these infec-
tions progressed to severe Covid-19, but none 
progressed to critical or fatal disease. A total of 
25,266 infections were recorded in the nonboost-
er cohort. Of these infections, 45 progressed to 
severe Covid-19, 4 progressed to critical Covid-19, 
and none progressed to fatal Covid-19.

At 35 days after the start of follow-up, the 
estimated cumulative incidence of symptomatic 
infection was 2.4% (95% confidence interval [CI], 
2.3 to 2.5) in the booster cohort and 4.5% (95% 
CI, 4.3 to 4.6) in the nonbooster cohort (Fig. 2A). 
The estimated hazard ratio for symptomatic in-
fection, adjusted for sex, 10-year age group, na-
tionality group (of which there were 10), and 
calendar week of the second-dose vaccination, 
was 0.51 (95% CI, 0.48 to 0.53) (Table 2). The 
estimated effectiveness of the BNT162b2 booster 
against symptomatic omicron infection, as com-
pared with that of the two-dose primary series, 
was 49.4% (95% CI, 47.1 to 51.6).

The estimated adjusted hazard ratio for any 
severe, critical, or fatal Covid-19 (leading to hos-
pitalization or death due to omicron infection) 
was 0.23 (95% CI, 0.12 to 0.44) (Table 2). The 
estimated effectiveness of the BNT162b2 booster 
against any severe, critical, or fatal Covid-19 (lead-
ing to hospitalization or death due to omicron in-
fection), as compared with that of the two-dose 
primary series, was 76.5% (95% CI, 55.9 to 87.5).

Effectiveness of BNT162b2 Booster  
against Delta Variant

Figure 3 and Table 3 show the results of the delta-
variant analysis. The estimated effectiveness of 

the BNT162b2 booster, as compared with that of 
the two-dose primary series, was 86.1% (95% CI, 
67.3 to 94.1).

Study Population, mRNA-1273 Vaccine

Between January 24, 2021, and January 26, 2022, 
a total of 890,619 persons received at least two 
doses of mRNA-1273 vaccine and 92,829 received 
a third (booster) dose of that vaccine. The median 
date of the first dose was May 28, 2021; the me-
dian date of the second dose was June 27, 2021; 
and the median date of the third dose was Janu-
ary 1, 2022 (Fig. S1). The median time between 
the first and second doses was 28 days (interquar-
tile range, 28 to 30 days), and the median time 
between the second and booster doses was 232 
days (interquartile range, 211 to 250 days).

Figure 1 shows the population-selection pro-
cess for the mRNA-1273 booster study. Table 1 
shows the baseline characteristics of the eligible 
and matched cohorts. The study was based on the 
total population of Qatar, and thus the study 
population is broadly representative of this popu-
lation (Table S2).

Effectiveness of mRNA-1273 Booster  
against Omicron Variant

The median follow-up time was 18 days (inter-
quartile range, 8 to 32 days) in the booster co-
hort and 17 days (interquartile range, 8 to 31 days) 
in the nonbooster mRNA-1273 vaccine cohort 
(Fig. S1). A total of 3720 infections were recorded 
in the booster cohort 8 days or more after receipt 
of the booster (Fig. 1 and Table S3). None of 
these infections progressed to severe, critical, or 
fatal Covid-19. A total of 4590 infections were 
recorded in the nonbooster cohort. Three of these 
infections progressed to severe Covid-19, but none 
progressed to critical or fatal Covid-19.

The estimated cumulative incidence of symp-
tomatic infection was 1.0% (95% CI, 0.9 to 1.2) 
in the booster cohort and 1.9% (95% CI, 1.8 to 2.1) 
in the nonbooster cohort 35 days after the start of 
follow-up (Fig. 2B). The estimated adjusted hazard 
ratio for symptomatic infection was 0.53 (95% CI, 
0.47 to 0.59) (Table 2). The estimated effective-
ness of the mRNA-1273 booster, as compared with 
that of the two-dose primary series, was 47.3% 
(95% CI, 40.7 to 53.3). The effectiveness of mRNA-
1273 vaccine against any severe, critical, or fatal 
Covid-19 could not be calculated because no cases 
were recorded in the booster cohort and only three 
cases were seen in the nonbooster cohort (Fig. 1).
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Additional Analyses

For the BNT162b2 vaccine analysis, with the 
start of follow-up on the 15th day after the 
booster vaccination, the estimated effectiveness 
of the booster against symptomatic omicron 
infection, as compared with that of the two-dose 
primary series, was 49.9% (95% CI, 47.6 to 52.2) 
(Fig. S2 and Table S4). The corresponding esti-
mated effectiveness of the mRNA-1273 vaccine 
was 52.0% (95% CI, 45.1 to 57.9). Both effective-
ness estimates were similar to those in the main 
analysis.

The estimated effectiveness of the BNT162b2 
vaccine booster against symptomatic omicron 
infection, as compared with that of the two-dose 
primary series, was 38.0% (95% CI, 28.8 to 46.0) 
in persons who received the booster 8 months or 
less after the second dose and 50.5% (95% CI, 
48.2 to 52.8) in those who received it more than 
8 months after the second dose. The corre-
sponding estimates of the effectiveness of 
mRNA-1273 vaccine were 41.5% (95% CI, 32.3 to 
49.5) and 56.8% (95% CI, 47.0 to 64.8).

Discussion

BNT162b2 booster vaccination was associated 
with an 86.1% reduction in the incidence of 
symptomatic delta variant infection and a 49.4% 
reduction in the incidence of symptomatic omi-
cron infection. With the mRNA-1273 booster, the 
reduction in the incidence of symptomatic infec-
tion with the omicron variant was similar at 
47.3%. Fewer cases of severe Covid-19 were ob-
served in the booster cohorts than in the non-
booster cohorts, which is consistent with the 
strong protection against hospitalization and death 
associated with the booster. Moreover, cases of 
severe Covid-19 were rare in both the booster and 
nonbooster cohorts despite the large number of 
infections. These findings affirm the durability 
of vaccine protection against hospitalization and 
death several months after receipt of the second 
dose.1,2

In the context of a global expansion of the 
omicron variant and the dwindling incidence of 
the delta variant, these findings may suggest that 
a longer-term strategy for a global response is the 
development and administration of a new genera-
tion of broadly effective vaccines rather than con-
tinuing with a strategy of repeated booster vacci-
nation with existing vaccines. Pan-coronavirus 

vaccines35 would target a broad range of existing 
and future SARS-CoV-2 variants.

The effectiveness of the BNT162b2 booster, 
as compared with that of the two-dose primary 
series, was slightly higher than that of the mRNA-
1273 booster. This may be explained by the higher 
baseline mRNA-1273 vaccine effectiveness and 
slower waning of effectiveness after the second 
dose.2,10,11 Possibly because of less waning, the 

Figure 2. Estimated Cumulative Incidence of Symptomatic Omicron Infec-
tion in the Matched Booster and Nonbooster Cohorts.

Shown are Kaplan–Meier estimates of the cumulative incidence of symp-
tomatic infection with the omicron variant of SARS-CoV-2, according to the 
type and number of doses of vaccine received. IQR denotes interquartile 
range.
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effectiveness of both mRNA vaccines, as com-
pared with that of the two-dose primary series, 
was lower in persons who had received the booster 
8 months or less after the second dose than in 
those who had received it more than 8 months 
after the second dose.

The estimates of effectiveness of the BNT162b2 
and mRNA-1273 vaccines against the delta and 
omicron variants are broadly consistent with the 
growing evidence of the effectiveness of mRNA 
vaccines against these variants in other coun-
tries.22-24,36-39 However, in our study, the effective-
ness of boosters was compared with that of the 
two-dose primary series; we did not compare the 
outcomes among persons who received boosters 
with those among unvaccinated persons. Never-
theless, with the waning of vaccine protection 
against infection over time after the second 
dose1,2 — and more so against infection with the 
omicron variant36 — the effectiveness of boost-
ers as compared with that of the primary series 
should be only slightly lower than the protection 
afforded by boosters as compared with no vac-
cination.

This study has limitations. With the durable 
effectiveness conferred by a two-dose primary se-
ries of BNT162b2 and mRNA-1273 vaccines against 
Covid-19–related hospitalization and death,1,2 the 
lower severity of omicron as compared with that 
of previous variants,40 the young population of 
Qatar,15 and the time lag between infection and 
severe forms of Covid-19, we had insufficient 
data to estimate the effectiveness of the mRNA-
1273 vaccine booster against Covid-19–related 

Table 2. Effectiveness of BNT162b2 and mRNA-1273 Booster Vaccination against Infection with the Omicron Variant.

Epidemiologic Measure BNT162b2 Vaccine mRNA-1273 Vaccine

Estimate

Effectiveness of 
Booster vs. Two-

Dose Series 
 (95% CI) Estimate

Effectiveness of 
Booster vs. Two-

Dose Series 
(95% CI)

percent percent

Total follow-up time — person-wk

Booster cohort 625,033 — 185,850 —

Nonbooster cohort 600,539 — 182,986 —

Incidence rate of symptomatic infection per 10,000 person-
wk (95% CI)

Booster cohort 49.0 (47.3–50.7) — 23.9 (21.8–26.2) —

Nonbooster cohort 92.9 (90.5–95.4) — 42.4 (39.5–45.5) —

Adjusted hazard ratio for symptomatic infection (95% CI)* 0.51 (0.48–0.53) 49.4 (47.1–51.6) 0.53 (0.47–0.59) 47.3 (40.7–53.3)

Adjusted hazard ratio for Covid-19–related hospitalization 
and death (95% CI)†

0.23 (0.12–0.44) 76.5 (55.9–87.5) — —

*  Cox proportional-hazards regression models were used to adjust for sex, 10-year age group, 10 nationality groups, and calendar week of the 
second-dose vaccination.

†  No estimate could be derived for the mRNA-1273 vaccine because there were no events in the booster cohort and few events in the non-
booster cohort.

Figure 3. Estimated Cumulative Incidence of Symptomatic Delta Variant In-
fection in the Matched Booster (BNT162b2 Vaccine) and Nonbooster Cohorts.
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hospitalization and death. In this observational 
study, the vaccinated cohorts were aware of 
which vaccines they received and the partici-
pants did not undergo randomization, so poten-
tially unmeasured or uncontrolled confounding 
cannot be ruled out. Although the cohorts were 
matched for sex, 10-year age group, nationality, 
and calendar week of the second-dose vaccina-
tion, matching was not possible for other factors 
such as coexisting conditions, occupation, or geo-
graphic location because such data were not avail-
able to the investigators. With the large wave of 
omicron variant infections, the use of rapid an-
tigen testing was expanded to supplement PCR 
testing beginning on January 5, 2022, but infor-
mation on symptoms and the reasons for testing 
was not available to be included in the analysis.

Matching was performed to control for fac-
tors that are known to affect exposure to SARS-
CoV-2 infection in Qatar.15 Matching according 
to 10-year age group may have partially reduced 
potential bias due to coexisting conditions. The 
number of persons with severe chronic condi-
tions is also small in the young population of 
Qatar.15,19 In the first phase of the vaccine roll-
out, the national list of vaccine prioritization 
included only 19,800 persons (of all age groups) 
with serious coexisting conditions.1 Matching 
according to nationality may have partially con-
trolled for the differences in occupational risk, 
given the statistical association between the 
nationality of workers and occupation type in 
Qatar.15,25-28 Qatar is essentially a city-state, and 
the incidence of SARS-CoV-2 infection was broad-
ly distributed across the country’s neighborhoods 
and areas; thus, geographic location is not likely 
to have been a confounding factor. The use of 
rapid antigen testing may not have differentially 
affected the investigated cohorts because it was 
broadly implemented. A strength of this study is 
the exclusion of persons with a documented pre-
vious infection, because the presence of a previ-
ous infection may affect booster protection.10

In this study, mRNA boosters were highly ef-
fective against infection with the delta variant 

but were less effective against infection with the 
omicron variant. However, these boosters led to 
strong protection against Covid-19–related hos-
pitalization and death due to both variants. Given 
future waves of SARS-CoV-2 infections that may 
be driven by new variants, these findings may 
suggest the need for the development of a new 
generation of vaccines that target a broad range 
of variants to confront virus evolution, rather than 
a continued strategy of repeated boosters with 
existing vaccines.
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