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Abstract

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.
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METHODS

https://www.nejm.org/doi/full/10.1056/NEJMoa2114114

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.

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.

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.)

Introduction
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BioNTech) messenger RNA (mRNA) vaccine? and 3 months later adding the mRNA-12733

(Moderna) vaccine.* Immunization with both vaccines followed the Food and Drug

Administration—approved protocol,’ and vaccine coverage increased steadily from

December 2020 until the time of this writing (Figure 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.> This appeared to be the highest mRNA vaccine coverage

worldwide.©

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)’ and B.1.351 (or beta)” variants.2*810 Appreciable community transmission of the
B.1.617.2 (or delta)’ variant was first detected toward the end of March 2021; by the summer of 2021,
B.1.617.2 had become the dominant variant.?19 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 (Figure 1B). In this study, we assessed the real-world 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.

Methods v

STUDY POPULATION, DATA SOURCES, AND STUDY DESIGN

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, nationwide,
digital health information platform that hosts the national, federated SARS-CoV-2 databases. These
databases are complete, with no missing information for polymerase-chain-reaction (PCR) testing,
Covid-19 vaccinations, Covid-19—related hospitalizations, or basic demographic details since the start of

3 0f20 1/10/2023, 8:48 AM
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the epidemic.

Vaccine effectiveness against SARS-CoV-2 infection was estimated with the use of the test-negative,
case—control study design, a standard design for assessing vaccine effectiveness against influenzall-1?
and SARS-CoV-2.241H6 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.!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 SARS-CoV-2 infection in Qatar.1”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,?! critical,?! or
fatal?2 case of Covid-19. Classification of Covid-19 case severity (acute-care hospitalizations),?! criticality
(intensive care unit hospitalizations),?! and fatality?> 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.

LABORATORY METHODS AND CLASSIFICATION OF INFECTIONS

Details regarding laboratory methods for reverse-transcriptase—quantitative PCR (RT-qPCR) testing are
provided in Section 3 in the Supplementary Appendix. Methods for classification of infections according
to variant type with the use of RT-qPCR variant screening?® of random positive clinical samples®1° 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,!1*# gradual rollout of vaccination during the study,'!-?* or other confounders.!7-20:25,26
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 equation'1?: vaccine effectiveness=1-odds ratio of vaccination among case

1/10/2023, 8:48 AM
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participants as compared with controls. Details regarding the statistical analysis are provided in Section
1in 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 test-negative, 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.%7

Results v

STUDY POPULATION

Between December 21, 2020, and September 5, 2021, a total of 947,035 persons received at least one
dose of BNT162b2, and 907,763 completed the two-dose regimen (Figure 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 (Figure 1A).
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Demographic Characteristics of the Participants and Reasons for PCR Testing among Samples Used to Estimate
BNT162b2 Vaccine Effectiveness.
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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.!”?8

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 (Figure 1C). Most vaccine
breakthrough infections (77.2%) were recorded for the BNT162b2 vaccine.

As of August 30, 2021, a total of 377 and 106 severe Covid-19 cases (acute-care hospitalizations?!) had

been recorded among participants who had received either one or two doses of BNT162b2, respectively.
Similarly, 32 and 10 critical Covid-19 cases (ICU hospitalizations?!) and 34 and 15 fatal Covid-19 cases

(Covid-19-related deaths??) had also been recorded, respectively. Details are provided in Section 2 in the

Supplementary Appendix.

VACCINE EFFECTIVENESS AGAINST ANY SARS-COV-2 INFECTION

Table 2.

1/10/2023, 8:48 AM
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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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Sensitivity Analysis.

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 78.06) in the first month after the
second dose (Table 2 and Figure 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
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adjusted for previous infection and health care worker status confirmed the main analysis results (Table
3).

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% which was by far
the dominant variant during most of these time periods.?*819 However, with the steady increase in the
incidence of B.1.617.2 during the summer of 2021319:30 and the steady decrease in the incidence of
B.1.351 during this time,?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 SYMPTOMATIC AND ASYMPTOMATIC INFECTIONS

Table 4.

Effectiveness of the BNT162b2 Vaccine against Symptomatic SARS-CoV-2 Infection and Asymptomatic SARS-CoV-2
Infection.

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
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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).

VACCINE EFFECTIVENESS AGAINST COVID-19-RELATED HOSPITALIZATION AND DEATH

Estimated BNT162b2 effectiveness against any severe, critical, or fatal disease due to any SARS-CoV-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 Figure 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 severe 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.

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 test-negative, case—control study design. Estimates were derived with
the use of multivariable logistic-regression analysis of associations with a PCR-positive test during the
study (Table S11). This analysis also generated results similar to those of the main analysis (Table 2).

Discussion v

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
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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 multiple 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 conditions, and the number of persons with severe
or multiple chronic conditions is small among the young, working-age population of Qatar.!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 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,%4810 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.34-3% This behavior could reduce real-world 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.3>-3” 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.”> 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.342 The findings are also supported by recent reports
from Israel and the United States that indicate declining BNT162b2 effectiveness against infection with
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elapsed time and according to calendar month.42-4¢ Our findings, along with the greater
immunogenicity of a schedule with a longer dose interval,* 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,*® Qatar,3" and the United States,*® 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 Canada'® and the United Kingdom,!3:14 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,'?8 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,/?8
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,!1-1?
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,?* which supports the validity of this standard approach in assessing vaccine effectiveness for
respiratory tract infections.>*1115 The results of this study are also consistent with our previous
estimates of vaccine effectiveness immediately after the first and second doses.?2° 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 possibility 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.*?

Vaccine effectiveness for participants at O to 13 days after the first dose was just below zero, possibly
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suggesting a negative bias. However, this has also been observed elsewhere for both Covid-19
vaccines®?->2 and other vaccines.>? This effect may reflect differences in social behavior at or after

vaccination or an immunologic effect.”?

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,” the likelihood of
bias is perhaps minimized. Indeed, the different sensitivity 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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