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ABSTRACT
OBJECTIVES
To determine whether time elapsed since the second 
injection of the Pfizer-BioNTech BNT162b2 mRNA 
vaccine was significantly associated with the risk of 
covid-19 infection after vaccination in people who 
received two vaccine injections.
DESIGN
Test negative design study.
SETTING
Electronic health records of a large state mandated 
healthcare organisation, Israel.
PARTICIPANTS
Adults aged ≥18 years who had received a reverse 
transcription polymerase chain reaction (RT-PCR) test 
between 15 May 2021 and 17 September 2021, at 
least three weeks after their second vaccine injection, 
had not received a third vaccine injection, and had no 
history of covid-19 infection.
MAIN OUTCOME MEASURES
Positive result for the RT-PCR test. Individuals who 
tested positive for SARS-CoV-2 and controls were 
matched for week of testing, age category, and 
demographic group (ultra-orthodox Jews, individuals 
of Arab ancestry, and the general population). 
Conditional logistic regression was adjusted for age, 
sex, socioeconomic status, and comorbid conditions.
RESULTS
83 057 adults received an RT-PCR test for SARS-CoV-2 
during the study period and 9.6% had a positive 
result. Time elapsed since the vaccine injection was 
significantly longer in individuals who tested positive 

(P<0.001). Adjusted odds ratio for infection at time 
intervals >90 days since vaccination were significantly 
increased compared with the reference of <90 days: 
2.37 (95% confidence interval 1.67 to 3.36) for 90-
119 days, 2.66 (1.94 to 3.66) for 120-149 days, 2.82 
(2.07 to 3.84) for 150-179 days, and 2.82 (2.07 to 
3.85) for ≥180 days (P<0.001 for each 30 day interval).
CONCLUSIONS
In this large population of adults tested for SARS-
CoV-2 by RT-PCR after two doses of mRNA BNT162b2 
vaccine, a gradual increase in the risk of infection was 
seen for individuals who received their second vaccine 
dose after at least 90 days.

Introduction
Immunity to SARS-CoV-2 can be induced by SARS-
CoV-2 infection or vaccination. Individuals who are 
immune have some protection against reinfection 
and a reduced risk of severe clinical consequences.1 
Recovering seropositive adult individuals have about 
90% protection from SARS-CoV-2 reinfection after 150 
days,2 and distinguishing reinfection from the effects 
of the initial infection is challenging before 90 days.3 
In contrast, vaccination has been reported to be 50-
95% effective at various time points.4-6 Nevertheless, 
the memory B cell humoral response and spike specific 
CD4+ cellular immune responses to SARS-CoV-2 
are predictably diminishing over time.7 8 Therefore, 
concerns have been raised about a possible reduction 
in SARS-CoV-2 immune protection in vaccinated 
populations and in those who have recovered from 
covid-19 disease.9

Israel was among the first countries to initiate a large 
scale vaccination campaign on 20 December 2020. 
A large proportion of the population were quickly 
immunised, partly because of the centralised health 
services and the decision to use only one vaccine, 
achieving early control over the spread of the virus.10-12 
Up to 26 July 2021, more than 5.2 million Israelis were 
fully vaccinated with two doses of the Pfizer-BioNTech 
vaccine.13 Since June 2021, however, a resurgence of 
individuals with SARS-CoV-2 has been seen, which could 
be at least partially because of decreasing levels of anti-
SARS-CoV-2 antibodies in vaccinated people.14 Here, we 
describe the results of a large scale study measuring the 
association between time elapsed since administration 
of the second dose of the Pfizer-BioNTech BNT162b2 
vaccine and the risk of covid-19 disease.

Methods
Study population
We performed this population study within Leumit 
Health Services, a large nationwide healthcare provider 
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WHAT IS ALREADY KNOWN ON THIS TOPIC
mRNA vaccines, such as BN162b2, are safe and effective in preventing covid-19 
disease
Large scale covid-19 vaccination campaigns can achieve control over the spread 
of the virus, but even in countries with high vaccination rates, breakthrough 
infections can occur
The efficacy of two injections of mRNA vaccines could reduce over time and 
statistical analysis of the association between time elapsed since the vaccine 
and risk of infection could provide important clues about the need for a third 
injection and its preferred timing

WHAT THIS STUDY ADDS
This large scale population study showed that protection offered by two 
injections of the Pfizer-BioNTech BNT162b2 vaccine, 21 days apart, decreased 
after several months
The risk of SARS-CoV-2 infection in adults who received two vaccine injections 
increased with time elapsed since vaccination compared with the reference 
(individuals vaccinated in the last 90 days)
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in Israel, which provides services to about 700 000 
members throughout the country. Leumit Health Services 
uses centrally managed electronic health records, 
continuously updated with the characteristics of the 
individuals, medical diagnoses, medical encounters, 
admissions to hospital, and laboratory tests. All 
members of Leumit Health Services have similar health 
insurance and similar access to healthcare services.

We conducted a test negative design study in 
adult members of Leumit Health Services (aged ≥18) 
who underwent a SARS-CoV-2 reverse transcription 
polymerase chain reaction (RT-PCR) test between 15 
May 2021 and 17 September 2021, after receiving 
two vaccine injections. Another timing criterion 
was that the test was performed at least three weeks 
after their second vaccine injection. The test negative 
design is similar to a nested case-control design, with 
individuals tested for the presence of a pathogen of 
interest serving as the nesting cohort.15 16 Individuals 
who had been diagnosed as having covid-19 before 
the study period, or who had received a third (booster) 
vaccine dose before the RT-PCR test, were excluded. We 
divided the cohort into three age groups (≥60, 40-59, 
and 18-39) to reflect the vaccine rollout stages.

People who received more than one RT-PCR test 
during the study period were included only once, 
at the date of the first test that reported their status 
during the period (the date of their first positive test, 
if positive, or otherwise the date of their first negative 
test). A sensitivity analysis was performed to ensure 
that taking the last date instead did not significantly 
affect the results. Time between the second vaccine 
injection and the RT-PCR test was divided into 30 day 
intervals, after the initial 90 days (reference): 90-119 
days, 120-149 days, 150-179 days, and ≥180 days.

Baseline data for the cohort were extracted from 15 
May 2021, including age. All clinical diagnoses were 
based on ICD-9 (international classification of diseases, 
ninth revision) codes. We collected information for the 
main medical conditions that could affect the rates of 
covid-19 infection in the adult population: diabetes 
mellitus, hypertension, asthma, chronic obstructive 
pulmonary disease, ischaemic heart disease, presence 
of malignancy, and chronic kidney disease. During 
each visit to a physician, a diagnosis is entered or 
updated according to the ICD-9. The validity of chronic 
diagnoses in the registry has previously been examined 
and confirmed as high.17 18

Socioeconomic status was defined according to a 
person’s home address. The Israeli Central Bureau 
of Statistics classifies all cities and settlements into 
20 socioeconomic status levels. Socioeconomic 
status was analysed as a continuous variable. Based 
on the home address of the Leumit Health Services 
member, we categorised the study population into 
three demographic groups: general population, ultra-
orthodox Jews, and individuals of Arab ancestry. 
Factors not considered directly were household size, 
population density, and incidence of covid-19 near the 
residence of individuals in the study, and the strain of 
SARS-CoV-2 infection.

SARS-CoV-2 testing by real time RT-PCR
Nasopharyngeal swabs were taken and examined 
for SARS-CoV-2 by real time RT-PCR, performed with 
internal positive and negative controls, according to 
World Health Organization guidelines, with TaqPath 
covid-19 Combo Kit (Thermo Fisher Scientific) and 
COBAS SARS-Cov-2 6800/8800 (Roche Diagnostics) 
assays.

Study outcomes
The primary outcome was SARS-CoV-2 infection 
detected by the RT-PCR test.

Statistical analyses
We used standard descriptive statistics to present 
the demographic characteristics of individuals 
included in the study. We used the two sample t test 
to compare continuous variables, Wilcoxon rank sum 
test to compare the time elapsed since vaccination, 
and Fisher’s test to compare categorial variables. For 
continuous variables, we calculated standardised 
mean differences. Time elapsed between the 
second dose of the vaccine and the RT-PCR test was 
categorised by intervals of 30 days after the initial 90 
days (reference). We calculated the rate of positive 
results according to these predetermined intervals 
and presented the results in a bar plot, with error bars 
for the standard error (square root of p(1−p)/n of the 
proportion p of positive results. In each age group, 
we highlighted positive results that were significantly 
higher than the reference.

To account for variations in the infection rate and 
circulating strains throughout the study period, we 
defined a matched cohort, with a predetermined ratio 
of 1:5 positive (individuals who tested positive) to 
negative (controls), for each combination of test week, 
age group, and demographic group. We obtained 
adjusted odds ratios for the risk of infection by fitting 
a multivariable conditional logistic regression model, 
with age, sex, socioeconomic status (as a continuous 
variable), and comorbid conditions (diabetes mellitus, 
hypertension, asthma, chronic obstructive pulmonary 
disease, ischaemic heart disease, presence of 
malignancy, and chronic kidney disease) as covariates. 
A two sided P value of <0.05 was considered to be 
statistically significant. Statistical analysis was 
performed with R version 4.0.4 (R Foundation for 
Statistical Computing).

Patient and public involvement
Because the study involved retrospective analysis of 
data, patients and members of the public were not 
directly involved in the study design.

Results
A total of 248 238 members of the Leumit Health 
Services organisation underwent RT-PCR tests for 
SARS-CoV-2 during the study period, of whom 149 376 
were adults aged at least 18 years. Figure 1 shows 
the flow diagram used for selection of the cohort: the 
cohort was based on 83 057 adults who received a RT-

 on 20 M
arch 2024 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j-2021-067873 on 24 N
ovem

ber 2021. D
ow

nloaded from
 

http://www.bmj.com/


RESEARCH

the bmj | BMJ 2021;375:e067873 | doi: 10.1136/bmj-2021-067873 3

PCR test for SARS-CoV-2 during the study period, after 
two (and only two) vaccine injections, at least three 
weeks after their second vaccine injection, and with no 
evidence of previous covid-19 infection.

Table 1 shows the characteristics of the cohort 
before matching. Mean age was 44.0 years (standard 
deviation 16.9 years), 52.4% (43 554) were women, 
and 7973 (9.6%) had a positive test result. The median 
time between the second dose of the vaccine and the 
RT-PCR test was 164 days (interquartile range 138-
185 days). Table 2 compares the characteristics of the 
individuals who tested positive with those who tested 
negative. In each age group, we found a significant 
difference in elapsed time (in days) since the date of the 
second dose of the vaccine between individuals who 
tested positive and those who tested negative (P<0.001, 
standardised mean difference >0.6). We also found 
significant differences in age, demographic group 
(ultra-orthodox Jews, individuals of Arab ancestry, 
and general population), socioeconomic status, and 
in some of the baseline comorbid conditions (table 2).

We compared the rate of positive results according 
to time elapsed since the second vaccine dose, with 
intervals of 30 days after the initial 90 days. Table 3 
shows the odds ratio and 95% confidence intervals for 

testing positive in the pre-matched cohort according to 
time elapsed since the second vaccine dose, relative to 
the reference category of <90 days, in each of the age 
categories. Figure 2 shows these data graphically. The 
rate of positive results increased with time elapsed 
since the second vaccine dose, and the increase was 
significant (P<0.01) in all age groups after ≥180 days.

Conditional multivariable logistic regression was 
performed in the matched cohort. Table 4 shows the 
adjusted odds ratios. Compared with the initial 90 
days after the vaccine, we found an increased risk of 
infection with time elapsed since vaccination: adjusted 
odds ratio 2.37 (95% confidence interval 1.67 to 3.36) 
after 90-119 days; 2.66 (1.94 to 3.66) after 120-149 
days; 2.82 (2.07 to 3.84) after 150-179 days; and 
2.82 (2.07 to 3.85) after ≥180 days (P<0.001 for all). 
We found consistent results in the sensitivity analysis, 
performed by taking the date of the last RT-PCR test for 
each individual instead of the date of the first test.

Discussion
Principal findings
In this large population of individuals who received 
two doses of the Pfizer-BioNTech BNT162b2 vaccine, 
we found a significantly (P<0.001) higher risk of SARS-
CoV-2 infection with time elapsed since the second 
vaccine dose, after the initial 90 days (reference 
category). The increase was seen in the pre-matched 
cohort and was confirmed in a cohort matched for week 
of testing, age categories, and demographic group, and 
further adjusted for sex, age, socioeconomic status, 

Individuals tested for SARS-CoV-2 during study period (distinct subjects)

Individuals included

Excluding those aged <18
98 862

Excluding those who tested positive
 for SARS-CoV-2 before study period

19 093

248 238

149 376

Individuals included
130 283

Excluding tests not performed at least
21 days aer two vaccine injections

33 423

Excluding tests performed aer receiving a third vaccine
13 803

Matching 1:5 on week of test, age category, and ethnic group
45 137

Individuals included
96 860

Pre-matched cohort: 7973 positive (9.6%); 75 084 negative
83 057

Matched cohort: 6320 positive cases; 31 600 controls
37 920

Fig 1 | Flow diagram of study cohort

Table 1 | Study population characteristics

Characteristics No (%) of 
 participants*

Total No 83 057
Positive for SARS-CoV-2 7973 (9.6)
Age (years):
 Mean (SD) 43.97 (16.89)
 18-39 37 864 (45.6)
 40-59 28 186 (33.9)
 ≥60 17 007 (20.5)
Sex:
 Women 43 554 (52.4)
 Men 39 503 (47.6)
Socioeconomic status (levels 1-20):
 Mean (SD) 9.69 (3.60)
 Missing (%) 8304 (11.11)
Demographic group:
 With Arab ancestry 11 771 (14.2)
 General population 62 927 (75.8)
 Jewish ultra-orthodox 8359 (10.1)
Median No of days elapsed (IQR):
 Since second dose of vaccine 164 (138-185)
 Between first and second dose of vaccine 21 (21-21)
Comorbid conditions
 Diabetes mellitus 8937 (10.8)
 Hypertension 16 449 (19.8)
 Asthma 7466 (9.0)
 Chronic obstructive pulmonary disease 3346 (4.0)
 Ischaemic heart disease 3955 (4.8)
 Solid tumour 4104 (4.9)
 Chronic kidney disease 1486 (1.8)
SD=standard deviation; IQR=interquartile range.
*Unless stated otherwise.
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and chronic comorbid conditions. These findings 
confirm that the BNT162b2 vaccine provided excellent 
protection in the initial weeks after vaccination but 
suggest that protection wanes for some individuals with 
time. The principal initial study that led to the US Food 
and Drug Administration emergency use authorisation 
for the BNT162b2 vaccine provided safety and efficacy 
data for a median time of more than two but less than 
three months, understandably balancing the objectives 
of beginning mass vaccinations and having some time 
course data.19 The stopping criterion in the study was 
based on the balance of individuals with covid-19 in 
the vaccinated versus unvaccinated cohorts, and not 
on a fixed amount of time.19 The study also showed 
that two injections, 21 days apart, provided more 
protection than one, and that the immune response to 
the vaccines was influenced by changes in the immune 
system related to age.20 Implementation of a third 
injection in immunocompromised individuals and 
older individuals has been adopted by several health 
authorities, including in Israel,21-23 with observed real 
world data in our population.

Strengths of the study
The strengths of our analysis include the use of a large 
cohort of individuals vaccinated twice, all of whom 
received the same vaccine, with detailed demographic 
and clinical information, and continuously updated 
data on vaccination and past and new SARS-CoV-2 
infections. Israel was one of the first countries to rollout 

a large scale vaccination campaign, and individuals 
in our study received their second vaccine injection 
up to six months ago. The study design allowed us 
to quantify the increase in the risk of covid-19 with 
increasing time from the second injection. Throughout 
the study period, most of the new infections were 
caused by the delta variant (B.1.617.2) of SARS-CoV-2 
(93% of 113 isolates sent for sequencing in the Leumit 
Health Services organisation), and hence our study 
reflects the protection offered by the vaccine against 
the now dominant worldwide SARS-CoV-2 strain that 
was not prevalent in earlier studies of the vaccine. In 
the Leumit Health Services organisation, RT-PCR tests 
are provided with no limit on the number of requests 
from patients or physicians, allowing a high detection 
rate of covid-19 infection before and during the study 
period. In initial analyses, we found that among 
individuals who had evidence of past infection and 
who received a RT-PCR test during the same study 
period, the infection rate was 4.7% for unvaccinated 
individuals and 3.8% for vaccinated individuals (v 
9.6% infection rate among vaccinated individuals with 
no evidence of past infection). Given the significantly 
different rate of infection found in individuals with 
previous covid-19 (P<0.001), we excluded individuals 
with evidence of past infection from the study cohort.

Limitations of the study
The study had several limitations. With an 
observational study design, the potential for 
unmeasured confounding factors exists. In particular, 
we included vaccinated individuals who chose to 
request an RT-PCR test for SARS-CoV-2 during the study 
period. Individuals might have variable thresholds for 
requesting a test and might request a test for reasons 
unrelated to symptoms of the infection. In most cases, 
positive RT-PCR tests were not followed by full serology 
testing. Throughout the study period, the prevalence 
of covid-19 increased substantially in the study 
population. To account for changes in the prevalence 
of the disease that occurred during the study period 
over time, across the different demographic groups 
and age categories, we used a matched cohort where 
patients and controls were selected from the same 
demographic group and age category and tested in 
the same week. We used a multivariable conditional 
logistic regression model adjusted for potential risk 
factors for covid-19, including age, sex, socioeconomic 
status, and comorbid conditions, to assess the effect of 
time elapsed since vaccination on the risk of infection. 
To quantify the increase in risk over time, we used 
the initial 90 days after the second vaccination as the 
reference and calculated the odds ratio of infection 
in subsequent intervals of 30 days. In this health 
population, individuals aged ≥60 were vaccinated 
first, and by February 2021, 90% of individuals in this 
age category had been vaccinated.24 Therefore, during 
the study period, fewer individuals in this age category 
were in the reference interval of the initial 90 days, and 
consequently the statistical power in this age category 
was comparatively small.
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Fig 2 | Comparison of percentage of positive results, according to time elapsed 
since second vaccine dose, in pre-matched cohort. Error bars=standard error of the 
proportion. *P<0.01, **P<0.001

Table 4 | Adjusted odds ratios for risk of SARS-CoV-2 in matched cohort
Adjusted odds ratio (95% CI) P value

Time since second vaccine (days):
 21-89 Reference —
 90-119 2.37 (1.67 to 3.36) <0.001
 120-149 2.66 (1.94 to 3.66) <0.001
 150-179 2.82 (2.07 to 3.84) <0.001
 ≥180 2.82 (2.07 to 3.85) <0.001
Age (continuous in years) 1.01 (1.00 to 1.01) 0.008
Male sex 1.05 (0.99 to 1.11) 0.08
Socioeconomic status (continuous 1-20) 0.97 (0.96 to 0.98) <0.001
Based on a conditional regression model fitted in a cohort matched for week of testing, age category (<18-39, 
40-59, ≥60 years), and demographic group.
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Despite our efforts, some residual differences 
might exist that could not be accounted for fully in a 
model. For example, individuals vaccinated earlier 
might have had different social distancing habits than 
individuals vaccinated later, or might have been more 
likely to travel abroad after vaccination and were thus 
exposed to different risks of infection. Other potential 
confounding factors that were not considered in our 
analysis were household size, population density and 
incidence of covid-19 near the residence of individuals 
in the study, and the strain of SARS-CoV-2 infection.

The increase in the risk of infection with time elapsed 
since vaccination was consistent with the decrease in 
antibody titres that occurs after vaccination.25 The 
increase in risk, calculated in the adjusted model, 
was less than the difference seen in the pre-matched 
cohort. A likely explanation is an increase in risk 
caused by loss of some of the protection provided by 
the vaccine when a large proportion of individuals 
in the population have been vaccinated around the 
same time. Under these conditions, the prevalence of 
the virus increases in the population, and the greater 
exposure increases the susceptibility of individuals to 
breakthrough infection.

Lastly, the study was designed to estimate the effect 
of the time elapsed since vaccination on the risk of a 
positive SARS-CoV-2 test. The study did not assess 
the severity of these breakthrough infections in terms 
of the need for hospital admission or mechanical 
ventilation, or mortality. Data on hospital admissions 
and mortality need to be analysed carefully to assess 
how the increased infection rate seen in individuals 
who were vaccinated less recently affect the risk of 
admission to hospital and severe complications.

Conclusions
In this retrospective large cohort study, performed in 
individuals who received two doses of the BNT162b2 
mRNA vaccine, protection seemed to decrease over 
time, and the risk of breakthrough infection by 
SARS-CoV-2 increased progressively compared with 
the protection provided during the initial 90 days. 
Interpretation of the findings of the study is limited 
by the observational design, but the results suggest 
that consideration of a third vaccine dose might be 
warranted.
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