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ABSTRACT 

Objective: To evaluate the effectiveness of the Pfizer BNT162b2 vaccine against the SARS-Cov-2 Beta variant. 
Study Design and Setting: Israel’s mass vaccination program, using two doses of the Pfizer BNT162b2 vaccine, successfully 

curtailed the Alpha variant outbreak during winter 2020–2021, However, the virus may mutate and partially evade the immune system. 
To monitor this, sequencing of selected positive swab samples of interest was initiated. Comparing vaccinated with unvaccinated PCR 

positive persons, we estimated the odds ratio for a vaccinated case to have the Beta vs. the Alpha variant, using logistic regression, 
controlling for important confounders. 

Results: There were 19 cases of Beta variant (3.2%) among those vaccinated more than 14 days before the positive sample and 79 
(3.4%) among the unvaccinated. The estimated odds ratio was 1.26 (95% CI: 0.65–2.46). Assuming the effectiveness against the Alpha 
variant to be 95%, the estimated effectiveness against the Beta variant was 94% (95% CI: 88%–98%). 

Conclusion: Despite concerns over the Beta variant, the BNT162b2 vaccine seemed to provide substantial immunity against both 
the Beta and the Alpha variants. From 14 days following the second vaccine dose, the effectiveness of BNT162b2 vaccine was at most 
marginally affected by the Beta variant. © 2021 Elsevier Inc. All rights reserved. 
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What is new 

• Estimating the vaccine effectiveness against vari- 
ants of concern is vital for planning and modifying 

current vaccination strategies. 
• We compared the proportion of the Beta variant 

(versus the Alpha variant) among SARS-CoV-2 

cases fully vaccinated with the BNT162b2 vaccine 
with the proportion of the Beta variant among un- 
vaccinated cases. 
• We estimated a modest, non-statistically significant 

reduction in vaccine effectiveness against the Beta 
variant compared to the Alpha variant. 
• Assuming that the vaccine effectiveness against the 

Alpha variant is 95%, the effectiveness against the 
Beta variant is estimated to be 94%, with 95% con- 
fidence limits between 88% and 98%. 

1. Introduction 

The impressive success of mass vaccination in curtailing
the coronavirus 2 (SARS-CoV-2) by halting transmission
has paved the road for returning to “pre-pandemic life.”
However, several open questions challenge the triumph of
controlling the pandemic by vaccination. One major con-
cern is the ability of the virus to mutate and evolve; this
potentially can cause SARS-CoV-2 to partially evade the
immune system, reducing vaccine effectiveness (VE) in
preventing disease and viral transmission. Determining VE
against variants of concern (VOC) [1] is vital for planning
and modifying vaccination strategies. 

On December 19, 2020, Israel launched a mas-
sive COVID vaccination campaign based on the Pfizer
BNT162b2 vaccine, and by end of May 2021, had admin-
istered over 10,500,000 doses, to approximately 5,400,000
individuals, more than 80% of the population over 16y re-
ceiving two doses. Both in clinical trials and real-world
studies, the vaccine has proven highly effective in both
averting infections and preventing severe disease and death
[2–5] . 

The Israeli vaccination campaign took place during the
third and largest wave of the pandemic (see Fig. 1 ). During
this wave, the Alpha variant became the dominant strain
in Israel, reaching over 95% dominance [6] . Since detec-
tion of the Alpha variant in November 2020 in the United
Kingdom, it spread rapidly and became the dominant strain
in many countries. There is also evidence that it caused
higher rates of morbidity and mortality [7] . Nevertheless,
the BNT162b2 vaccine, which was developed based on
the original Wuhan strain sequence, has been found very
effective against the Alpha variant, both in blocking trans-
mission and reducing morbidity and mortality following in-
fection [2–5] . The Beta variant, first documented in South
Africa, is also considered a VOC mainly because in vitro
experiments demonstrated its ability to overcome previous
immunity to SARS-CoV2. Specifically, experimental work
demonstrated significant decrease in neutralization capacity
of the Beta variant [8] . However other research found that
neutralizing antibodies remained sufficiently high against
this variant [9] . Humoral protection measured by anti-
body responses and neutralization studies do not assess
the role of cellular immunity mediated by T-cell responses.
A recent study showed that cellular protection established
following previous infection or vaccination remains high
against both Alpha and Beta variants [10] . However, two
real world studies have raised concern that the BNT162b2
vaccine has reduced effectiveness against the Beta vari-
ant. A study from Qatar showed that the effectiveness
of BNT162b2 against the Beta variant was ∼75% com-
pared to ∼90% against the Alpha variant [11] . A second
study from Israel estimated that the odds ratio (OR), in a
matched study of SARS-Cov-2 cases occurring in unvac-
cinated persons vs. persons who had received their second
dose of vaccine at least one week previous to sample col-
lection, was 1/8, implying considerably lower VE against
the Beta variant [6] . Thus, our goal was to further quantify
the risk of the Beta variant causing a significant break-
through in a real-world environment. 

2. Methods 

2.1. Collection of samples 

With the start of the vaccination campaign in Israel,
the Central Virology Laboratory (CVL) of the Ministry
of Health, initiated collection and sequencing of selected
swab samples that had tested positive on polymerase chain
reaction (PCR). Samples were selected for sequencing to
i ) monitor the circulating and imported variants in Israel,
ii ) characterize viral variants among cases occurring after
vaccination and matching cases in unvaccinated persons iii )
monitor local outbreaks, severe clinical cases and transmis-
sion among specific population groups, and iv) follow-up
those coming into contact with persons infected with the
Beta variant. Samples identified as being of interest were
retrieved from the 48 laboratories that perform SARS-CoV-
2 PCR tests in Israel, and sent to CVL, where they were
assessed by whole genome sequencing. 

2.2. Laboratory methods 

RNA extracted from SARS-CoV-2 positive samples
was sequenced with COVID-Seq library preparation on
NovaSeq (Sp 300 cycles, Illumina, CA, USA). Result-
ing fastq files were processed, including quality filter-
ing, mapping to the reference genome (NC_045512.2),
construction of consensus fasta sequences, alignment to
the reference genome and mutation analyses via a cus-
tom python-based pipeline. Specific variants were deter-
mined based on identification of relevant mutations for
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Fig. 1. Number of documented COVID19 infections in Israel from March 2020 until May 2021 indicated by the solid line. The dashed line and 
dotted line represent the percent of the population vaccinated with the first and second doses respectively. The dot-dashed line indicates the 
proportion of the Beta variant (vs. the Alpha variant) in the dataset. (For interpretation of the references to color in this figure legend, the reader 
is referred to the Web version of this article.) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

each variant (Alpha [doi: 10.1016/j.jinf.2020.12.024], Beta
[doi: https:// doi.org/ 10.1101/ 2020.12.21.20248640]) in the
genome sequence and identification of the relevant lineage
by Pangolin (doi:10.1038/s41564-020-0770-5). Additional
details are provided in the Supplementary Information. 

2.3. Creation of the database 

Information on all cases sent for sequencing was entered
in a database, containing: socio-demographical variables
(e.g. age, city/town/village of residence, subpopulation -
Arab, Ultra-Orthodox Jewish, other), date of collection of
first positive sample, date of recovery, vaccination dates,
symptoms and hospitalizations, and the infecting variant
as determined by whole genome sequencing. All informa-
tion was retrieved from the Israeli Ministry of Health’s
databases. 

2.4. Statistical methods 

Our analyses were restricted to vaccinated and unvacci-
nated cases that were positive either for the Alpha variant
or the Beta variant, using whole genome sequencing. Vac-
cinated cases were defined as those where the first pos-
itive sample was taken at least 14 days after the second
dose. Those with unknown dates of vaccination, or who
received only one vaccine dose, or for whom the sample
was taken between the first dose and second dose, were
excluded. Cases based on samples taken before January 1,
2021 were also excluded, because no persons were fully
vaccinated before that date. Those for whom the sample
was taken less than 14 days after their second dose were
excluded from the main analysis, but were included in a
secondary analysis. Individuals who had acquired the in-
fection outside Israel, those aged less than 16y (not eli-
gible for vaccination) and individuals without information
regarding their place of residence, were all excluded. 

The main principle of the statistical analysis was to es-
timate the odds ratio, OR, for a vaccinated case to have the
Beta variant, within vaccinated and unvaccinated persons
who tested positive. One can show (see Supplementary In-
formation) that: 

OR = ( 1 − V β) / ( 1 − V α) 

where V β is the VE against the Beta variant, and V α the
VE against the Alpha variant. Thus, assuming V α is esti-
mated well from observational studies of VE conducted in
Israel (e.g., 95%), we estimated the VE against the Beta
variant from: 

V β = 1 − OR ( 1 − V α) 

From this equation, when OR equals 1, then V β = V α.
Thus, a test of the hypothesis that OR = 1, also tests
whether the vaccine is equally effective against each vari-
ant. 

We estimated the odds ratio by logistic regression [12] ,
with variant type as the dependent variable and vaccina-
tion status as the main explanatory variable. The following
variables were entered as potential confounding covariates:
city/town/village of residence (as a random effect), date of
taking the swab sample (in four categories: 1–31 Jan, 2021;
1–14 Feb 2021; 15–28 Feb 2021; 1–31 Mar 2021), sub-
population (Arab, Jewish ultra-orthodox, other), and age
group (16–44, 45–64, 65–79, ≥80 y). The analysis was
implemented using the glmer procedure in the lme4 pack-
age of the R software [13] . This approach also provided

https://doi.org/10.1101/2020.12.21.20248640
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Fig. 2. Flow chart showing number of exclusions (in bold) from the analysis, with the reasons for exclusion. Numbers included in the analyses 
are shown in the A, B, C panel at the bottom. (For interpretation of the references to color in this figure legend, the reader is referred to the Web 
version of this article.) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a p-value for the test that OR = 1 and a 95% confidence
interval for the OR. 

A secondary analysis was conducted to examine the in-
fluence of time of infection following full vaccination, us-
ing the same methods as described above and comparing
unvaccinated cases vs. cases where the sample from the
vaccinated case was taken within the first 14 days after
the second dose of vaccination. 

Alternative analyses were conducted using matching to
control for confounding variables, and are reported in the
Supplementary Information. Unlike the main analyses pre-
sented here, such matching entails exclusion of approxi-
mately 60% of the cases. We regard their results as pro-
viding information supportive to the main analyses. 

3. Results 

The database contained the sequencing results of 11,624
samples obtained from distinct individuals. After the ex-
clusions described in the Methods section, 596 vaccinated
and 2,333 unvaccinated cases were left eligible for analysis
( Fig. 2 ). Characteristics of these vaccinated and unvacci-
nated individuals are shown in Table 1 , and according to
variant in Supplemental Table A1. The vaccinated groups
were on average older and had a smaller proportion of
ultra-orthodox Jews. Variant Beta appeared more in the
Arab sector and less among Ultra-orthodox Jews. These
differences emphasize the need to control for these poten-
tial confounders. The proportion of the Beta variant (vs.
the Alpha) in the dataset over the period of our study is
shown in the dot-dashed line in Fig. 1 . 

The distribution of variants (Alpha and Beta) by vac-
cination status is shown in Table 2 . There were 19 cases
of Beta variant (3.2%) among those vaccinated more than
14d before the positive sample and 79 (3.4%) among the
unvaccinated. The estimated OR ( Table 3 ) was 1.26 ( P
= 0.50; 95% CI: 0.65–2.46). Note that the estimated OR
was larger than one, even though the crude proportion of
Beta was slightly lower (3.2% vs. 3.4%) among the vac-
cinated cases. This was due to the regression adjustment
for the confounders age and subpopulation – younger age
and ultra-orthodox Jews both had a negative association
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Table 1. Characteristics of those included in the analysis 

Characteristic Unvaccinated 2nd vaccine dose ≥14d before 2nd vaccine dose1–13 d before 

No. persons 2333 596 121 

Mean age (SD), y 36.0 (16.5) 55.8 (18.3) 61.1 (19.8) 

Gender (% male) 43.5 48.4 49.6 

Arab (%) 15.0 11.1 8.3 

Ultra-orthodox Jewish (%) 23.0 3.4 13.2 

Rest of population (%) 62.0 85.6 78.5 

No. villages, town or cities 296 148 56 

Table 2. Distribution of variants among vaccinated and unvaccinated cases 

Variant Unvaccinated 2nd vaccine dose ≥14d before 2nd vaccine dose1–13 d before 

Beta 79 (3.4%) 19 (3.2%) 14 (11.6%) 

Alpha 2254 577 107 

Total 2333 596 121 

Table 3. Estimated odds ratio and vaccine effectiveness against beta variant 

Estimated 
odds 
ratio 

95% 

CI 
P 
value 

Vaccine effectiveness against beta variant (95% CI) a 

V α = 90% V α = 95% 

1.26 0.65–2.46 0.50 87% (75–94) 94% (88–98) 

a Calculated from 1 - (Odds Ratio × (1 − V α) ). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

with the Beta variant. Using the estimated OR, assuming
that the VE against the Alpha variant is 95% [2–5] , the
estimated effectiveness against the Beta variant was esti-
mated to be 94% (95% CI: 88%–98%). Results from the
supportive analysis when matching was employed gave an
estimated OR of 0.90 (95%CI: 0.40–2.01), and VE against
Beta of 95% (95%CI: 90%–98%) (see Supplementary Ta-
bles A2-A5 for details). 

The same methods as above were applied to persons
who received their second dose between 1 and 13 days
before collection of the sample. In the 121 cases, there
were 14 (11.1%) Beta variants; the estimated OR was 2.62
( P = 0.016, 95%CI = 1.19–5.76). A similar estimate was
obtained from the supportive analysis using matching, but
with a wider confidence interval (estimated OR = 2.12,
95%CI = 0.49–9.05). 

4. Discussion 

The success of the Israeli vaccination campaign against
SARS-CoV-2 can be appreciated by the fact that, as of
June 1st, Israel lifted all COVID emergency restrictions
except the requirement to wear masks indoors and regula-
tions governing international travel. 

Variants can affect a vaccine’s impact on the transmis-
sion of an infection by two factors. First, VOC may have a
higher rate of transmission that will require a higher vac-
cination coverage or a greater VE to curtail the spread of
infection [14] . In this regard, the Alpha variant is about
50% more infectious than the original Wuhan strain [7] ,
leading to the subsequent global dominance of Alpha.
This higher transmission rate requires higher vaccine cov-
erage to allow relaxation of social distancing and other
non-pharmaceutical interventions while still curtailing new
outbreaks. The second factor is vaccine breakthrough by
VOC. Initially, evidence regarding the evolutionary dynam-
ics governed by the relatively slow mutation rate bolstered
the hope that VOC would not endanger the effectiveness of
vaccination. However, concerns over reduced effectiveness
of the Pfizer BNT162b2 vaccine arose after laboratory ex-
periments estimated a large drop in sensitivity of the Alpha
variant to sera collected from vaccinated individuals and an
even larger reduction in sensitivity to convalescent sera [8] .
The Beta variant has caused further anxiety regarding the
potential vaccine breakthrough due to the co-occurrence of
supplementary mutations in the receptor-binding domain,
which were proven to have a significantly increased resis-
tance to vaccine-induced and convalescent sera [15] . Two
real-world studies which examined the protection of the
BNT162b2 vaccine against Alpha and Beta variants found
a substantial reduction in VE against Beta compared to
Alpha [ 6 , 11 ]. 

Results from a previous study in Israel based on a
matched pairs case-case design pointed to a significant
vaccine breakthrough of the Beta variant compared to the
Alpha. The study had a modest sample size and period-
length, and found eight Beta variant breakthroughs com-
pared to a single case of an Alpha breakthrough in the
subgroup of nine discordant matched pairs (i.e., those for
which the vaccinated and unvaccinated cases differed in
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the variant-type) of vaccinated persons receiving two vac-
cine doses and unvaccinated persons [6] ; all these cases
were PCR confirmed in a short time window, on days 7–
13 after receiving the second dose. No positive individu-
als infected by the Beta variant were found in vaccinated
persons more than two weeks after the second dose even
though about half of the vaccinated cases were from that
later time frame. The investigators speculated that “this
cohort may have been infected before the immunity from
the boost was fully established, and it is thus possible that
enhanced immunity from the boost, which develops over
time, may more effectively prevent infection with the Beta
variant.”

In our study, a much larger number of vaccinated and
unvaccinated cases was included. In addition, our main
analysis focused on vaccinated cases infected with Al-
pha or Beta variants occurring more than two weeks after
their second dose and did not find a statistically signif-
icant reduction in protection of the vaccine. However, a
sub-analysis, which examined vaccinated cases occurring
only 1–13 days after the second dose found an increased
proportion of Beta variant compared to unvaccinated cases,
with an estimated OR of 2.62. Although both studies were
conducted in Israel, there is no overlap of data between the
two studies. Integrating the information and findings from
both studies, supports the hypothesis that a higher level of
immunity is required for protection against the Beta vari-
ant, thus inducing different levels of effectiveness against
the Alpha and Beta variants during the first two weeks af-
ter the boost from the second dose [16] . The fact that the
Beta variant, first diagnosed in Israel in January 2021 con-
comitantly with the start of the vaccination program, has
not caused significant community transmission in Israel is
further encouraging evidence supporting the ability of two
doses of the BNT162b2 vaccine combined with high cov-
erage to halt transmission. 

A second study used a test-negative design to examine
the effectiveness of the BNT162b2 vaccine in Qatar [11] ,
and found that the VE was 89.5% (95% CI:[85.9–92.3])
against the Alpha variant but only 75% (95% CI:[70.5–
78.9]) against the Beta variant, at least 14 days after the
second dose. In contrast, several large studies from Israel
have shown that the efficacy of the BNT162b2 vaccine is
close to 95% against infection during a time when the Al-
pha variant was predominant [3–5] . The difference in VE
to the Alpha variant between the Qatar and Israeli studies
could be due to different methodologies used to estimate
VE, or different social, cultural, racial or environmental
conditions; the latter potentially can affect the transmis-
sion dynamics and thus alter VE. The above differences
could also explain the difference in vaccine breakthrough
of the Beta variant between the two countries. The current
reduction in transmission seen in Qatar after the vaccina-
tion campaign gives further support to the ability of the
BNT162b2 vaccine to control the spread of the Beta vari-
ant. 
Our results are further supported by the combined adap-
tive humoral and cellular immune responses documented
following BNT162b2 vaccination [17] and by the efficient
in-vitro responses against both Alpha and Beta variants
observed in blood samples derived from BNT162b2 vac-
cinated individuals [18–20] . 

Limitations of our study include the relatively low num-
ber of Beta variant cases, owing to its low prevalence in
Israel, and also the fact that the sequencing was not done
on a sample selected randomly from the total population
of SARS-Cov2 positive cases in Israel. In particular, sam-
ples were selected for sequencing based on a variety of
concerns, but partly to check on the variants among cases
occurring after vaccination and partly to follow-up on those
coming into contact with persons found to have the Beta
variant. Thus, the database has over-representation of vac-
cinated cases, and also over-representation of the Beta vari-
ant among cases in Israel. In order to test the robustness
of our results, we used two different statistical methods,
unconditional logistic regression and conditional logistic
regression with matching to estimate the OR. Both analy-
ses revealed no statistically significant difference, and in-
dicated that any reduction in VE against the Beta variant
relative to Alpha is at most marginal with an OR not ex-
ceeding 2.5. Also, we have shown in computer simulations
that this type of selection should not introduce bias when
estimating the odds ratio of a vaccinated case having the
Beta variant (see Supplemental Information for details).
The criterion for validly using such a database for esti-
mating the OR is that the selection of vaccinated cases or
Beta cases should be independent of each other; when se-
lecting a vaccinated case this should be without regard to
whether the case was Alpha or Beta, and when selecting a
case suspected to be Beta this should be without regard to
whether the case was vaccinated or unvaccinated. As far as
we can ascertain, such conditions applied to the selection
of cases for sequencing. 

Despite the concerns caused by the Beta variant, the
BNT162b2 vaccine seems to provide substantial immunity
against both that variant and the Alpha. Our results suggest
that from 14 days following the second vaccine dose the
effectiveness of BNT162b2 vaccine is at most marginally
affected by the Beta variant. The next generation of vac-
cines might include modifications to better deal with dif-
ferent VOC; nevertheless, the current vaccines may still
provide substantial immunity against both current and fu-
ture VOC. 

Supplementary materials 

Supplementary material associated with this article can
be found, in the online version, at doi: 10.1016/j.jclinepi.
2021.10.011 . 

https://doi.org/10.1016/j.jclinepi.2021.10.011
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