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A BS T R AC T
BACKGROUND

Waning of vaccine protection against severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection or coronavirus disease 2019 (Covid-19) is a concern.
The persistence of BNT162b2 (Pfizer–BioNTech) vaccine effectiveness against infection and disease in Qatar, where the B.1.351 (or beta) and B.1.617.2 (or delta)
variants have dominated incidence and polymerase-chain-reaction testing is done
on a mass scale, is unclear.
METHODS

We used a matched test-negative, case–control study design to estimate vaccine
effectiveness against any SARS-CoV-2 infection and against any severe, critical, or
fatal case of Covid-19, from January 1 to September 5, 2021.
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RESULTS

Estimated BNT162b2 effectiveness against any SARS-CoV-2 infection was negligible in the first 2 weeks after the first dose. It increased to 36.8% (95% confidence
interval [CI], 33.2 to 40.2) in the third week after the first dose and reached its
peak at 77.5% (95% CI, 76.4 to 78.6) in the first month after the second dose. Effectiveness declined gradually thereafter, with the decline accelerating after the
fourth month to reach approximately 20% in months 5 through 7 after the second
dose. Effectiveness against symptomatic infection was higher than effectiveness
against asymptomatic infection but waned similarly. Variant-specific effectiveness
waned in the same pattern. Effectiveness against any severe, critical, or fatal case
of Covid-19 increased rapidly to 66.1% (95% CI, 56.8 to 73.5) by the third week
after the first dose and reached 96% or higher in the first 2 months after the
second dose; effectiveness persisted at approximately this level for 6 months.

Copyright © 2021 Massachusetts Medical Society.

CONCLUSIONS

BNT162b2-induced protection against SARS-CoV-2 infection appeared to wane
rapidly following its peak after the second dose, but protection against hospitalization and death persisted at a robust level for 6 months after the second dose.
(Funded by Weill Cornell Medicine–Qatar and others.)
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Q

atar launched a mass coronavirus
disease 2019 (Covid-19) immunization
campaign on December 21, 2020, first using the BNT162b21 (Pfizer–BioNTech) messenger RNA (mRNA) vaccine2 and 3 months later
adding the mRNA-12733 (Moderna) vaccine.4 Immunization with both vaccines followed the Food
and Drug Administration–approved protocol,1,3
and vaccine coverage increased steadily from December 2020 until the time of this writing
(Fig. 1A). Vaccine rollout proceeded in phases in
which vaccination was prioritized first to frontline health care workers, persons with severe or
multiple chronic conditions, and persons 70 years
of age or older. Vaccination was then gradually
extended by one age group at a time and to select professional groups (e.g., teachers), with age
being the principal criterion for vaccine eligibility throughout the rollout (Fig. S1A in the Supplementary Appendix, available with the full text
of this article at NEJM.org). As of September 7,
2021, it was estimated that at least 90% of persons 12 years of age or older had received at least
one vaccine dose and that at least 80% had received both doses.5 This appeared to be the
highest mRNA vaccine coverage worldwide.6
As vaccination was scaled up, the country had
two back-to-back waves of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) from
January through June 2021, which were dominated by the B.1.1.7 (or alpha)7 and B.1.351 (or
beta)7 variants.2,4,8-10 Appreciable community transmission of the B.1.617.2 (or delta)7 variant was
first detected toward the end of March 2021; by
the summer of 2021, B.1.617.2 had become the
dominant variant.8-10 Despite the high vaccine
coverage, the incidence of SARS-CoV-2 infection
increased slowly from July to August 2021, before starting to decline at the end of August
(Fig. 1B). In this study, we assessed the realworld effectiveness of the BNT162b2 vaccine
against SARS-CoV-2 infection and Covid-19–
related hospitalization and death after receipt
of the first and second doses.

Me thods
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nationwide, digital health information platform
that hosts the national, federated SARS-CoV-2
databases. These databases are complete, with
no missing information for polymerase-chainreaction (PCR) testing, Covid-19 vaccinations,
Covid-19–related hospitalizations, or basic demographic details since the start of the epidemic.
Vaccine effectiveness against SARS-CoV-2 infection was estimated with the use of the testnegative, case–control study design, a standard
design for assessing vaccine effectiveness against
influenza11,12 and SARS-CoV-2.2,4,11-16 Key to this
design is its control of bias arising from misclassification of infection and differences in
health care–seeking behavior between vaccinated
and unvaccinated persons.11,12 Case participants
(PCR-positive persons) and controls (PCR-negative persons) were matched one to one according
to sex, 10-year age group, nationality, reason for
SARS-CoV-2 PCR testing, and calendar week of
PCR test. Matching of case participants and
controls was performed to control for known
differences in the risk of exposure to SARSCoV-2 infection in Qatar.17-20
Effectiveness was estimated against documented infection (defined as a PCR-positive swab,
regardless of the reason for PCR testing or the
presence of symptoms), as well as against any
severe,21 critical,21 or fatal22 case of Covid-19.
Classification of Covid-19 case severity (acutecare hospitalizations),21 criticality (intensive care
unit hospitalizations),21 and fatality22 was conducted in accordance with World Health Organization guidelines, and assessments were made by
trained medical personnel with the use of individual chart reviews. (Details are provided in Sections 1 and 2 in the Supplementary Appendix.)
The 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 guidelines (Table
S1). The funders of the study had no role in
study design, data collection, data analysis, data
interpretation, or the writing of the article.

Study Population, Data Sources, and Study
Design

Laboratory Methods and Classification
of Infections

This study was conducted in the resident population of Qatar. Covid-19 laboratory testing, vaccination, clinical infection data, and related demographic details were extracted from the integrated,

Details regarding laboratory methods for reversetranscriptase–quantitative PCR (RT-qPCR) testing
are provided in Section 3 in the Supplementary
Appendix. Methods for classification of infec-
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tions according to variant type with the use of
RT-qPCR variant screening23 of random positive
clinical samples8,10 are provided in Section 4 in
the Supplementary Appendix.
Statistical Analysis

Sociodemographic characteristics of study samples were described with the use of frequency
distributions and measures of central tendency.
The odds ratio, comparing odds of vaccination
among case participants and controls, and its
associated 95% confidence interval were derived
with the use of conditional logistic regression
that accounted for the matching in the study
design. This matching and analysis approach
aims to minimize the potential bias that may
result from variation in epidemic phase,11,24 gradual rollout of vaccination during the study,11,24 or
other confounders.17-20,25,26 Confidence intervals
were not adjusted for multiplicity. Interactions
were not investigated. Vaccine effectiveness at different time points and the associated 95% confidence interval were then calculated by applying
the following equation11,12: vaccine effectiveness =
1 − odds ratio of vaccination among case participants as compared with controls. Details regarding the statistical analysis are provided in
Section 1 in the Supplementary Appendix.
A sensitivity analysis was conducted by adjusting the conditional logistic regression for previous infection and health care worker status,
because health care workers were prioritized for
vaccination and may have had a higher risk of
infection exposure. Several additional sensitivity
analyses were conducted by modifying the study
inclusion and exclusion criteria to investigate
whether the effectiveness estimates could have
been biased. Effectiveness was also estimated
with the use of a multivariable logistic-regression analysis of associations with a PCR-positive
test — that is, by applying a different method
from that of the main analysis of matched testnegative, case–control study design. Descriptions
of these sensitivity analyses are provided in Section 5 in the Supplementary Appendix. Statistical analyses were conducted with the use of
STATA/SE software, version 17.0.27

one dose of BNT162b2, and 907,763 completed
the two-dose regimen (Fig. 1A). The median date
of the first dose was April 21, 2021, and the
median date of the second dose was May 10,
2021. The median time between the first and
second doses was 21 days (interquartile range,
21 to 22 days), and 97.4% of persons received
their second dose within 30 days after the first
dose. During this period, 564,196 persons received at least one dose of mRNA-1273, and
494,859 completed the two-dose regimen (Fig. 1A).
Figure S2 shows the population-selection process used to investigate BNT162b2 effectiveness
against SARS-CoV-2 infection. The distribution of
included PCR-positive case participants according to calendar month is shown in Figure S1B.
Demographic characteristics and reasons for PCR
testing of samples used to estimate vaccine effectiveness are presented in Table 1 and Tables
S2 and S3. The median age of the study participants was 31 years, approximately 69% were
male, and participants came from diverse national origins. Study samples were representative
of the distinct demographic characteristics of
the population of Qatar.17,28
Only approximately 35% of case participants
received a diagnosis of SARS-CoV-2 infection on
the basis of symptoms (Table 1). The remaining
case participants received a diagnosis on the
basis of PCR testing for other reasons, including
contact tracing, surveys or random testing campaigns, individual requests, and routine health
care testing.
Vaccine Breakthrough Infections

As of the end of the study (September 5, 2021),
a total of 8203 SARS-CoV-2 BNT162b2 breakthrough infections had been recorded among
participants who received one dose of this vaccine, and 10,543 such infections had been recorded among participants who received two
doses. The percentage of all daily diagnosed
SARS-CoV-2 infections that were vaccine (BNT162b2
or mRNA-1273) breakthrough infections increased
gradually over time and reached 36.4% on September 5, 2021 (Fig. 1C). Most vaccine breakthrough infections (77.2%) were recorded for the
BNT162b2 vaccine.
As of August 30, 2021, a total of 377 and 106
R e sult s
severe Covid-19 cases (acute-care hospitalizaStudy Population
tions21) had been recorded among participants
Between December 21, 2020, and September 5, who had received either one or two doses of
2021, a total of 947,035 persons received at least BNT162b2, respectively. Similarly, 32 and 10 critin engl j med
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cal Covid-19 cases (ICU hospitalizations21) and
34 and 15 fatal Covid-19 cases (Covid-19–related
deaths22) had also been recorded, respectively.
Details are provided in Section 2 in the Supplementary Appendix.

the incidence of B.1.351 during this time,8-10 effectiveness measures 5 or more months after the
second dose increasingly reflected effectiveness
against B.1.617.2.
BNT162b2 effectiveness was assessed against
B.1.1.7, B.1.351, and B.1.617.2 infections separately to investigate whether declining effectiveness could have been confounded by exposure to
different variants over time. Estimated effectiveness against infection with each variant (Table
S5) showed a pattern similar to that seen against
any SARS-CoV-2 infection (Table 2).

Vaccine Effectiveness against Any SARS-CoV-2
Infection

Vaccine Effectiveness against Symptomatic
and Asymptomatic Infections

Estimated BNT162b2 effectiveness against any
SARS-CoV-2 infection was negligible for the first
2 weeks after the first dose, increased to 36.8%
(95% confidence interval [CI], 33.2 to 40.2) in
the third week after the first dose, and reached
its peak at 77.5% (95% CI, 76.4 to 78.6) in the
first month after the second dose (Table 2 and
Fig. 2A). However, effectiveness declined gradually, starting from the first month after the
second dose. The decline accelerated after the
fourth month, and effectiveness reached a low
level of approximately 20% in months 5 through
7 after the second dose. A sensitivity analysis
that adjusted for previous infection and health
care worker status confirmed the main analysis
results (Table 3).

Estimated BNT162b2 effectiveness against symptomatic infection and asymptomatic infection
showed the same pattern of increasing effectiveness after the first dose, with peak effectiveness
in the first month after the second dose and a
gradual decline in effectiveness in the following
months that accelerated after the fourth month
for symptomatic infection and after the third
month for asymptomatic infection (Table 4).
However, effectiveness against symptomatic infection was consistently higher than that against
asymptomatic infection. The peak effectiveness
against symptomatic infection was 81.5% (95% CI,
79.9 to 83.0), whereas that against asymptomatic infection was 73.1% (95% CI, 70.3 to 75.5).

Figure 1 (facing page). Time Trend of Vaccinated Persons,
SARS-CoV-2 Infections, and Vaccine Breakthrough
Infections in Qatar.
SARS-CoV-2 denotes severe acute respiratory syndrome
coronavirus 2.

Vaccine Effectiveness against Any SARS-CoV-2
Infection According to Age and Variant

BNT162b2 effectiveness was assessed according
to age (<60 years and ≥60 years) to investigate
whether declining effectiveness over time could
have been confounded by age. Results for both
age groups were largely similar in scale (although
effectiveness was slightly lower for those ≥60
years of age, with some differences in the rate at
which protection was acquired) and in the pattern of declining effectiveness (Table S4), and
results were similar to those for all participants
in all age groups (Table 2).
The above measures largely reflect the effectiveness of BNT162b2 against B.1.351,2,29 which
was by far the dominant variant during most of
these time periods.2,4,8-10 However, with the steady
increase in the incidence of B.1.617.2 during the
summer of 20218-10,30 and the steady decrease in

n engl j med

Vaccine Effectiveness against Covid-19–Related
Hospitalization and Death

Estimated BNT162b2 effectiveness against any
severe, critical, or fatal disease due to any SARSCoV-2 infection was negligible for the first 2 weeks
after the first dose. It increased rapidly to 66.1%
(95% CI, 56.8 to 73.5) in the third week after the
first dose and reached 96% or higher in the first
2 months after the second dose (Table 2 and
Fig. 2B). Unlike effectiveness against infection,
effectiveness against hospitalization and death
did not decline over time, except possibly in the
seventh month after the second dose when there
was a hint of a decline, but the case numbers
were small. The sensitivity analysis that adjusted
for previous infection and health care worker status confirmed the main analysis results (Table 3).
Effectiveness according to age group (Table S4)
showed similar results.
Effectiveness was also estimated against se-
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1,229 (1.1)
317 (0.3)

60–69 yr

≥70 yr

36,071 (31.3)

6,083 (5.3)

50–59 yr

79,255 (68.7)

19,154 (16.6)

40–49 yr

Female

36,749 (31.9)

30–39 yr

Male

24,879 (21.6)

Qatari
3,249 (2.8)

5,793 (5.0)
17,375 (15.1)

Pakistani

18,964 (16.4)

10,505 (9.1)

Nepalese

Other nationalities‡

29,914 (25.9)

Indian

Sudanese

10,713 (9.3)

Filipino

3,756 (3.3)

6,734 (5.8)

Sri Lankan

8,323 (7.2)

Egyptian
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18,964 (16.4)

3,249 (2.8)

3,756 (3.3)

17,375 (15.1)

5,793 (5.0)

10,505 (9.1)

29,914 (25.9)

10,713 (9.3)

6,734 (5.8)

8,323 (7.2)

18,738 (16.5)

3,242 (2.8)

3,732 (3.3)

17,087 (15.0)

5,735 (5.0)

10,367 (9.1)

29,536 (25.9)

10,535 (9.3)

6,629 (5.8)

8,229 (7.2)

35,682 (31.3)

78,148 (68.7)

326 (0.3)

1,195 (1.0)

5,959 (5.2)

18,820 (16.5)

36,150 (31.8)

24,567 (21.6)

26,813 (23.6)

31 (21–39)

Case Participants:
PCR-Positive
(N = 113,830)

18,738 (16.5)

3,242 (2.8)

3,732 (3.3)

17,087 (15.0)

5,735 (5.0)

10,367 (9.1)

29,536 (25.9)

10,535 (9.3)

6,629 (5.8)

8,229 (7.2)

35,682 (31.3)

78,148 (68.7)

326 (0.3)

1,195 (1.0)

5,959 (5.2)

18,820 (16.5)

36,150 (31.8)

24,567 (21.6)

26,813 (23.6)

31 (21–39)

Controls:
PCR-Negative
(N = 113,830)

19,180 (16.5)

3,285 (2.8)

3,784 (3.3)

17,147 (14.8)

5,837 (5.0)

10,496 (9.1)

30,325 (26.2)

10,674 (9.2)

6,859 (5.9)

8,326 (7.2)

36,163 (31.2)

79,750 (68.8)

367 (0.3)

1,326 (1.1)

6,350 (5.5)

19,382 (16.7)

36,896 (31.8)

24,770 (21.4)

26,822 (23.1)

31 (21–39)

Case Participants:
PCR-Positive
(N = 115,913)

19,180 (16.5)

3,285 (2.8)

3,784 (3.3)

17,147 (14.8)

5,837 (5.0)

10,496 (9.1)

30,325 (26.2)

10,674 (9.2)

6,859 (5.9)

8,326 (7.2)

36,163 (31.2)

79,750 (68.8)

367 (0.3)

1,326 (1.1)

6,350 (5.5)

19,382 (16.7)

36,896 (31.8)

24,770 (21.4)

26,822 (23.1)

31 (22–39)

Controls:
PCR-Negative
(N = 115,913)

First Month after Second Dose

of

Bangladeshi

36,071 (31.3)

79,255 (68.7)

317 (0.3)

1,229 (1.1)

6,083 (5.3)

19,154 (16.6)

36,749 (31.9)

24,879 (21.6)

26,915 (23.3)

31 (21–39)

Controls:
PCR-Negative
(N = 115,326)

≥14 Days after First Dose and No Second Dose

n e w e ng l a n d j o u r na l

Nationality†

Sex

26,915 (23.3)

20–29 yr

31 (21–39)

Case Participants:
PCR-Positive
(N = 115,326)

0–13 Days after First Dose

<20 yr

Age group — no. (%)

Median age (IQR) — yr

Characteristics

Table 1. Demographic Characteristics of the Participants and Reasons for PCR Testing among Samples Used to Estimate BNT162b2 Vaccine Effectiveness.*

The

m e dic i n e

vere disease, critical disease, and fatal disease
individually (Table S6), as opposed to against a
composite outcome of any severe, critical, or fatal
disease (Table 2). Estimated effectiveness against
each of these individual disease outcomes was
similar to that against the composite disease outcome, with no evident decline in effectiveness for
6 months after the second dose.

* Data for other time-since-vaccination analyses are shown in Tables S2 and S3 in the Supplementary Appendix. Case participants and controls were matched one to one according to
sex, 10-year age group, nationality, reason for polymerase-chain-reaction (PCR) testing, and calendar week of PCR test. Percentages may not total 100 because of rounding. IQR denotes
interquartile range.
† Nationalities were chosen to represent the most populous groups in Qatar.
‡ The category of other nationalities includes 108 other nationalities in Qatar for 0 to 13 days after the first dose, 106 other nationalities for 14 or more days after the first dose and no
second dose, and 108 other nationalities for the first month after the second dose.

457 (0.4)

13,233 (11.4)

457 (0.4)
415 (0.4)

13,233 (11.4)
12,838 (11.3)

415 (0.4)
421 (0.4)
421 (0.4)

12,914 (11.2)

Other

Individual request

12,914 (11.2)

12,838 (11.3)

27,883 (24.1)
27,883 (24.1)
27,972 (24.3)
Survey

27,972 (24.3)

27,484 (24.1)

14,536 (12.5)

27,484 (24.1)

18,666 (16.1)

14,536 (12.5)
14,351 (12.6)

18,666 (16.1)
18,481 (16.2)

14,351 (12.6)
14,479 (12.6)
Routine health care testing

14,479 (12.6)

18,772 (16.3)
Contact tracing

40,768 (35.4)
40,768 (35.4)
Clinical suspicion

18,772 (16.3)

18,481 (16.2)

41,138 (35.5)
41,138 (35.5)
40,261 (35.4)
40,261 (35.4)

Controls:
PCR-Negative
(N = 115,913)
Case Participants:
PCR-Positive
(N = 115,913)
Controls:
PCR-Negative
(N = 113,830)
Case Participants:
PCR-Positive
(N = 113,830)
Controls:
PCR-Negative
(N = 115,326)
Case Participants:
PCR-Positive
(N = 115,326)
Reason for PCR testing

Characteristics

0–13 Days after First Dose

≥14 Days after First Dose and No Second Dose

First Month after Second Dose

BNT162b2 Vaccine and SARS-CoV-2 Infection in Qatar

Additional Analyses

Additional sensitivity analyses were conducted to
investigate the effects of potential bias in these
real-world effectiveness estimates (Section 5 in
the Supplementary Appendix). All analyses generated consistent results, with the same pattern
of declining effectiveness in the months after
the second dose (Tables S7 through S10) as was
observed in the main analysis (Table 2).
For additional validation of study findings,
effectiveness was estimated with the use of a
different method from that of the matched testnegative, case–control study design. Estimates
were derived with the use of multivariable logisticregression analysis of associations with a PCRpositive test during the study (Table S11). This
analysis also generated results similar to those
of the main analysis (Table 2).

Discussion
BNT162b2-induced protection against infection
builds rapidly after the first dose, peaks in the
first month after the second dose, and then
gradually wanes in subsequent months. The waning appears to accelerate after the fourth month,
to reach a low level of approximately 20% in
subsequent months. Although the protection
against asymptomatic infection diminished more
quickly than that against symptomatic infection,
as would be expected in a vaccine that prevents
symptoms given infection,31,32 no evidence was
found for an appreciable waning of protection
against hospitalization and death, which remained robust — generally at 90% or higher —
for 6 months after the second dose. Implications
of these findings on infection transmission remain to be clarified, but vaccine breakthrough
infections were found recently, in this same
population, to be less infectious than primary
infections in unvaccinated persons.33
Because the immunization campaign prioritized vaccination of persons with severe or muln engl j med
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1450
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548
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2

3
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4

5

6

≥7

110,942

111,007
162

512

646

856

2128

4304

9986

3567

4053

Vaccinated

110,915

110,955

110,893

110,706

110,060

109,020

105,927

110,263

111,273

Unvaccinated

22.3
(−1.7 to 40.7)

17.3
(2.2 to 30.1)

22.5
(10.6 to 32.7)

51.7
(45.0 to 57.6)

69.6
(66.7 to 72.3)

73.2
(71.3 to 75.0)

77.5
(76.4 to 78.6)

36.8
(33.2 to 40.2)

−4.9
(−9.8 to −0.2)

6

8

0

10

17

23

32

102

245

Vaccinated

3983

3988

3990

3996

4026

4062

4082

4032

4001

Unvaccinated

Case Participants:
Severe, Critical, or Fatal
Disease‡¶

11

24

33

51

181

323

585

272

286

3978

3972

3957

3955

3862

3762

3529

3862

3960

Vaccinated Unvaccinated

Controls:
PCR-Negative‡

55.6
(−44.3 to 86.3)

88.9
(52.1 to 97.4)

100.0∥

83.7
(65.5 to 92.3)

94.3
(89.1 to 97.0)

96.8
(93.9 to 98.3)

96.0
(93.9 to 97.4)

66.1
(56.8 to 73.5)

16.1
(−0.6 to 30.0)

Effectiveness %
(95% CI)§

of

110,991

111,070

111,388

111,874

112,998

111,472

111,098

Unvaccinated

Effectiveness %
(95% CI)§

Effectiveness against Hospitalization and Death
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* Covid-19 denotes coronavirus disease 2019, and SARS-CoV-2 severe acute respiratory syndrome coronavirus 2.
† In each analysis for a specific time-since-vaccination stratum, we included only participants vaccinated in this specific time-since-vaccination stratum and those unvaccinated. Only
matched pairs of PCR-positive and PCR-negative persons, in which both members of the pair were either unvaccinated or fell within each time-since-vaccination stratum, were included
in the corresponding estimate of vaccine effectiveness. Thus, the number of case participants (and controls) varied across time-since-vaccination analyses.
‡ Case participants and controls were matched one to one according to sex, 10-year age group, nationality, reason for PCR testing, and calendar week of PCR test.
§ Vaccine effectiveness was estimated with the use of the test-negative, case–control study design.11,12
¶ Severity,21 criticality,21 and fatality22 were defined according to World Health Organization guidelines.
∥ The confidence interval could not be estimated because there were zero events among vaccinated participants.

2915

1

Month after second dose

4228

Vaccinated

Controls:
PCR-Negative‡

Effectiveness against Infection

Case Participants:
PCR-Positive‡

0–13 Days after first dose

Substudies†

Table 2. Effectiveness of the BNT162b2 Vaccine against Any SARS-CoV-2 Infection and against Any Severe, Critical, or Fatal Case of Covid-19.*
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A Effectiveness against Any SARS-CoV-2 Infection
100

Vaccine Effectiveness (%)

80

77.5

73.2

69.6

60
51.7
40

36.8
22.5

20

0

−20

22.3

17.3

−4.9

0–13 Days
after
First Dose

≥14 Days
after
First Dose
and No
Second
Dose

1

2

3

4

5

6

≥7

Month after Second Dose

B Effectiveness against Any Severe, Critical, or Fatal Case of Covid-19
100

96.8

96.0

100.0

94.3

Vaccine Effectiveness (%)

88.9

83.7

80
66.1

60

55.6

40
20

16.1

0
−20
−40
−60

0–13 Days
after
First Dose

≥14 Days
after
First Dose
and No
Second
Dose

1

2

3

4

5

6

≥7

Month after Second Dose

Figure 2. Effectiveness of the BNT162b2 Vaccine.
Data are presented as effectiveness point estimates, with I bars indicating the corresponding 95% confidence intervals.
Covid-19 denotes coronavirus disease 2019.

tiple chronic conditions and prioritized vaccination according to age group, this pattern of waning
of protection could theoretically be confounded
by effects of age and coexisting conditions. However, this possibility was not supported by our
results, because a similar pattern of waning of
protection was observed for all ages. Old age
may (partially) serve as a proxy for coexisting
n engl j med

conditions, and the number of persons with severe or multiple chronic conditions is small
among the young, working-age population of
Qatar.17,28 The national list of vaccine prioritization included only 19,800 persons of all age
groups with serious coexisting conditions to be
prioritized in the first phase of vaccine rollout.
Infection incidence was driven by different
nejm.org
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460
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6

≥7

110,942

111,007
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9986
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110,915

110,955

110,893

110,706

110,060

109,020

105,927

110,263

111,273

Unvaccinated

−4.4
(−41.3 to 22.9)

9.2
(−9.1 to 24.5)

11.4
(−3.5 to 24.1)

39.1
(29.9 to 47.0)

63.7
(59.9 to 67.1)

69.7
(67.4 to 71.8)

75.8
(74.6 to 77.0)

32.2
(28.2 to 35.9)

−11.9
(−17.3 to −6.7)

6

8

0

10

17

23

32

102

245

Vaccinated

3983

3988

3990

3996

4026

4062

4082

4032

4001

Unvaccinated

Case Participants:
Severe, Critical, or Fatal
Disease‡¶

11

24

33

51

181

323

585

272

286

3978

3972

3957

3955

3862

3762

3529

3862

3960

Vaccinated Unvaccinated

Controls:
PCR-Negative‡

44.1
(−86.5 to 83.3)

81.8
(18.5 to 95.9)

100.0∥

80.8
(56.9 to 91.4)

93.4
(87.5 to 96.5)

96.3
(92.9 to 98.0)

95.9
(93.6 to 97.3)

65.0
(55.0 to 72.8)

7.5
(−11.9 to 23.6)

Effectiveness %
(95% CI)§

of

110,991

111,070

111,388

111,874

112,998

111,472

111,098

Unvaccinated

Effectiveness %
(95% CI)§

Effectiveness against Hospitalization and Death
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* Shown is the effectiveness of the BNT162b2 vaccine against any SARS-CoV-2 infection and against any severe, critical, or fatal case of COVID-19 after adjustment for previous infection
and health care worker status.
† In each analysis for a specific time-since-vaccination stratum, we included only participants vaccinated in this specific time-since-vaccination stratum and those unvaccinated. Only
matched pairs of PCR-positive and PCR-negative persons, in which both members of the pair were either unvaccinated or fell within each time-since-vaccination stratum, were included
in the corresponding estimate of vaccine effectiveness. Thus, the number of case participants (and controls) varied across time-since-vaccination analyses.
‡ Case participants and controls were matched one to one according to sex, 10-year age group, nationality, reason for PCR testing, and calendar week of PCR test.
§ Vaccine effectiveness was estimated with the use of the test-negative, case–control study design.11,12
¶ Severity,21 criticality,21 and fatality22 were defined according to World Health Organization guidelines.
∥ The confidence interval could not be estimated because there were zero events among vaccinated participants.
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Table 3. Sensitivity Analysis.*
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≥14 Days after first
dose and
no second
dose
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258

316

230

75

4

5

6

≥7

38,761

38,800

38,776

38,829

39,030

39,402

40,271

39,187

38,814

Unvaccinated

97

251

344

486

1040

1948

3756

1922

1864

Vaccinated

38,739

38,779

38,748

38,601

38,362

38,104

37,382

38,339

38,904

Unvaccinated

27.8
(−1.4 to 48.7)

12.8
(−9.1 to 30.3)

12.0
(−6.1 to 27.1)

57.0
(48.6 to 64.0)

70.6
(66.4 to 74.3)

72.5
(69.6 to 75.1)

81.5
(79.9 to 83.0)

47.9
(43.6 to 51.9)

−5.5
(−12.9 to 1.4)

Effectiveness %
(95% CI)¶

29

125

99

120

239

381

781

516

984

Vaccinated

26,948

26,958

26,956

26,956

26,982

27,038

27,102

26,968

26,988

Unvaccinated

Case Participants:
PCR-Positive§

25

124

117

132

402

899

2202

645

962

Vaccinated

26,952

26,959

26,938

26,944

26,819

26,520

25,681

26,839

27,010

Unvaccinated

Controls:
PCR-Negative§

Effectiveness against Asymptomatic Infection‡

−33.3
(−181.8 to 36.9)

−2.1
(−52.0 to 31.4)

24.3
(−7.1 to 46.5)

11.5
(−17.1 to 33.2)

47.7
(37.3 to 56.3)

66.9
(61.9 to 71.3)

73.1
(70.3 to 75.5)

22.2
(12.1 to 31.2)

−2.6
(−12.8 to 6.7)

Effectiveness %
(95% CI)¶

* In each analysis for a specific time-since-vaccination stratum, we included only participants vaccinated in this specific time-since-vaccination stratum and those unvaccinated. Only
matched pairs of PCR-positive and PCR-negative persons, in which both members of the pair were either unvaccinated or fell within each time-since-vaccination stratum, have been included in the corresponding estimate of vaccine effectiveness. Thus, the number of case participants (and controls) varied across time-since-vaccination analyses.
† A symptomatic infection was defined as a PCR-positive test conducted because of clinical suspicion due to the presence of symptoms compatible with a respiratory tract infection.
‡ An asymptomatic infection was defined as a PCR-positive test conducted with no reported presence of symptoms compatible with a respiratory tract infection — that is, the PCR testing
was done as part of a survey or a random testing campaign.
§ Case participants and controls were matched one to one according to sex, 10-year age group, nationality, reason for PCR testing, and calendar week of PCR test.
¶ Vaccine effectiveness was estimated with the use of the test-negative, case–control study design.11,12

372

650

2

3

867

1

Month after second
dose

1954

Vaccinated

Controls:
PCR-Negative§

Effectiveness against Symptomatic Infection†

Case Participants:
PCR-Positive§

0–13 Days after first
dose

Substudies*

Table 4. Effectiveness of the BNT162b2 Vaccine against Symptomatic SARS-CoV-2 Infection and Asymptomatic SARS-CoV-2 Infection.
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variants over time; thus, it is possible that waning of protection could be confounded by exposure to different variants at different time
points. However, this seems unlikely. By far
the dominant variant during the study was
B.1.351,2,4,8-10 and a similar pattern of waning of
protection was observed for B.1.1.7, B.1.351, and
B.1.617.2.
Vaccinated persons presumably have a higher
rate of social contact than unvaccinated persons
and may also have lower adherence to safety
measures.34-36 This behavior could reduce realworld effectiveness of the vaccine as compared
with its biologic effectiveness, possibly explaining the waning of protection. Public health restrictions have been easing gradually in Qatar
but differently for vaccinated and unvaccinated
persons. Many social, work, and travel activities
now require evidence of vaccination (a “health
pass”) that is administered through a mandatory
mobile app (the Ehteraz app). Risk compensation may be even higher with increasing time
since receipt of the second dose — that is, there
could be a progressive normalization of behavior.35-37 However, risk compensation is perhaps
more likely to affect the overall level of estimated effectiveness than the observed rapid
waning of protection over time, unless such risk
compensation increases rapidly with time after
the second dose.
PCR testing in Qatar is done on a mass scale,
with approximately 5% of the population being
tested every week.5 Approximately 75% of those
who receive a diagnosis of SARS-CoV-2 infection
at present do so not because of the appearance
of symptoms but because of routine testing. It is
possible that many asymptomatic infections were
diagnosed among vaccinated participants that
otherwise would have been missed. The higher
ascertainment of infection may have lowered the
effectiveness estimates. This idea is supported by
the observed lower effectiveness against asymptomatic infection.
Emerging evidence supports the findings of
this study. An increasing number of studies suggest substantial waning of BNT162b2 effectiveness.38-42 The findings are also supported by recent reports from Israel and the United States
that indicate declining BNT162b2 effectiveness
against infection with elapsed time and according to calendar month.42-46 Our findings, along
with the greater immunogenicity of a schedule
12
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with a longer dose interval,47 may also explain
the observed low effectiveness against B.1.617.2
in countries where the second dose was implemented 3 weeks after the first dose, such as in
Israel,43 Qatar,30 and the United States,46 where
B.1.617.2 has been dominant at a time when a
nonnegligible proportion of the population had
their second dose in January or February of
2021. However, higher effectiveness against
B.1.617.2 has been observed in countries where a
delayed interval schedule has been implemented,
such as in Canada15 and the United Kingdom,13,14
where B.1.617.2 became dominant at a time when
a negligible proportion of the population had
their second dose in January or February of 2021.
This study has limitations. Individual-level
data on coexisting conditions were not available;
therefore, they could not be explicitly factored
into our analysis. However, adjusting for age
may have served, in part, as a proxy. With the
young population of Qatar,17,28 only a small proportion of the study population may have had
serious coexisting conditions. Only 9% of the
population are 50 years of age or older,17,28 and
60% are young, expatriate craft and manual
workers involved in mega-development projects.18,19,48 Our findings may not be generalizable
to other countries where elderly persons constitute a sizable proportion of the total population.
Effectiveness was assessed with the use of an
observational, test-negative, case–control study
design,11,12 rather than a randomized, clinical
trial design, in which cohorts of vaccinated and
unvaccinated persons were followed. We were
unable to use a cohort study design owing to
depletion of the unvaccinated cohorts by the
high vaccine coverage. However, the cohort study
design that was applied earlier to the same
population of Qatar yielded findings similar to
those reported for the test-negative, case–control
design,2,4 which supports the validity of this
standard approach in assessing vaccine effectiveness for respiratory tract infections.2,4,11-15 The
results of this study are also consistent with our
previous estimates of vaccine effectiveness immediately after the first and second doses.2,29 We
note that the earlier estimates involved (mostly)
symptomatic infections with low PCR cycle
threshold values, whereas the present study estimates involve (mostly) asymptomatic infections
of both high and low PCR cycle threshold values.
Nonetheless, one cannot rule out the possinejm.org
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bility that in real-world data, bias could arise in
unexpected ways or from unknown sources,
such as subtle differences in test-seeking behavior or changes in the pattern of testing with the
introduction of other testing approaches, such as
rapid antigen testing. For example, inclusion of
PCR testing before travel or at port of entry was
found to introduce a negative bias — that is,
lowering the effectiveness estimates (Table S10)
— perhaps because of different test-seeking behaviors of those vaccinated as compared with
those unvaccinated, as a consequence of the travel
privileges granted only to vaccinated persons.49
Vaccine effectiveness for participants at 0 to
13 days after the first dose was just below zero,
possibly suggesting a negative bias. However,
this has also been observed elsewhere for both
Covid-19 vaccines50-52 and other vaccines.53 This
effect may reflect differences in social behavior at
or after vaccination or an immunologic effect.53
Notwithstanding these limitations, consistent
findings of this study were reached that indicated a large effect size for the waning of vaccine protection over time, regardless of the reason for PCR testing and whether there were
symptoms. Moreover, with the mass scale of
PCR testing in Qatar,5 the likelihood of bias is
perhaps minimized. Indeed, the different sensi-

tivity and additional analyses that were conducted to investigate effects of potential bias,
such as by modifying the inclusion and exclusion criteria, all yielded findings that indicated a
rapid waning of vaccine protection.
In this study, we found that BNT162b2-induced
protection against infection peaked in the first
month after the second dose and then gradually
waned month by month, before reaching low
levels 5 to 7 months after the second dose.
Meanwhile, BNT162b2-induced protection against
hospitalization and death persisted with hardly
any waning for 6 months after the second dose.
These findings suggest that a large proportion
of the vaccinated population could lose its protection against infection in the coming months,
perhaps increasing the potential for new epidemic waves.
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