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BACKGROUND
In December 2020, Israel began a mass vaccination campaign against coronavirus 
disease 2019 (Covid-19) by administering the BNT162b2 vaccine, which led to a 
sharp curtailing of the outbreak. After a period with almost no cases of severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection, a resurgent 
Covid-19 outbreak began in mid-June 2021. Possible reasons for the resurgence 
were reduced vaccine effectiveness against the delta (B.1.617.2) variant and waning 
immunity. The extent of waning immunity of the vaccine against the delta variant 
in Israel is unclear.

METHODS
We used data on confirmed infection and severe disease collected from an Israeli 
national database for the period of July 11 to 31, 2021, for all Israeli residents who 
had been fully vaccinated before June 2021. We used a Poisson regression model to 
compare rates of confirmed SARS-CoV-2 infection and severe Covid-19 among per-
sons vaccinated during different time periods, with stratification according to age 
group and with adjustment for possible confounding factors.

RESULTS
Among persons 60 years of age or older, the rate of infection in the July 11–31 
period was higher among persons who became fully vaccinated in January 2021 
(when they were first eligible) than among those fully vaccinated 2 months later, 
in March (rate ratio, 1.6; 95% confidence interval [CI], 1.3 to 2.0). Among persons 
40 to 59 years of age, the rate ratio for infection among those fully vaccinated in 
February (when they were first eligible), as compared with 2 months later, in April, 
was 1.7 (95% CI, 1.4 to 2.1). Among persons 16 to 39 years of age, the rate ratio 
for infection among those fully vaccinated in March (when they were first eligible), 
as compared with 2 months later, in May, was 1.6 (95% CI, 1.3 to 2.0). The rate 
ratio for severe disease among persons fully vaccinated in the month when they were 
first eligible, as compared with those fully vaccinated in March, was 1.8 (95% CI, 
1.1 to 2.9) among persons 60 years of age or older and 2.2 (95% CI, 0.6 to 7.7) 
among those 40 to 59 years of age; owing to small numbers, the rate ratio could 
not be calculated among persons 16 to 39 years of age.

CONCLUSIONS
These findings indicate that immunity against the delta variant of SARS-CoV-2 
waned in all age groups a few months after receipt of the second dose of vaccine.
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Akey to the containment of the 
coronavirus disease 2019 (Covid-19) pan-
demic is mass vaccination of the popula-

tion. However, the success of this policy is chal-
lenged by breakthrough infection and disease in 
fully vaccinated persons. One potential cause of 
breakthrough infection is the emergence of new 
variants of concern1 that escape immunity, thus 
reducing the effectiveness of the vaccine. Several 
studies investigating the effectiveness of the 
BNT162b2 vaccine (Pfizer–BioNTech) against the 
beta (B.1.351)2,3 and delta (B.1.617.2)4-6 variants 
showed only modest rates of breakthrough infec-
tion and disease, whereas other studies showed 
higher rates.7,8

A second potential cause of breakthrough 
infection is waning of the immunity conferred by 
the vaccine. Mass vaccination with the BNT162b2 
vaccine began in December 2020, and little is 
known about waning immunity over time. A re-
cent study on longer-term follow-up of the partici-
pants in the phase 2–3 randomized trial of the 
BNT162b2 vaccine9 showed a reduction in vac-
cine efficacy from 96% (in the period of 7 days 
to <2 months after receipt of the second dose) to 
84% (in the period of 4 months to approximately 
7 months after receipt of the second dose), which 
indicated a decrease in protection by a factor of 

four (i.e., [100 − 84] ÷ [100 − 96]). Preliminary re-
ports of waning effectiveness of the same vac-
cine have come from a health maintenance orga-
nization in Israel10 and from the United States,11 
and a decrease in vaccine-induced neutralization 
titers during the first 6 months after receipt of 
the second dose of vaccine has been reported.12

Israel conducted a very successful vaccination 
campaign using the BNT162b2 vaccine.13-15 Start-
ing in December 2020, more than half the adult 
population received two doses of vaccine within 
3 months. The vaccination campaign, together 
with social measures, led to a sharp curtailing 
of the outbreak. By May 2021, infection rates had 
decreased to a few dozen cases daily, most of 
which were in unvaccinated persons or in per-
sons returning from abroad. However, the num-
ber of polymerase-chain-reaction (PCR) tests that 
were positive for severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) started to rise 
exponentially in June 2021, with a substantial 
number of infections being reported in vaccinated 
persons (Fig. 1). This rise in community trans-
mission was followed by a concomitant increase 
in the numbers of severe cases and deaths, in both 
the vaccinated and unvaccinated populations. 
Genetic analysis showed that as of June 2021, 
more than 98% of the positive cases in Israel were 
attributed to the delta variant.16 In this study, we 
estimated the role of waning immunity in the ob-
served breakthrough against the delta variant.

Me thods

Data Source

Data on all residents of Israel who had been fully 
vaccinated before June 1, 2021, and who had not 
been infected before the study period were ex-
tracted from the Israeli Ministry of Health data-
base on September 2, 2021. We defined fully 
vaccinated persons as those for whom 7 days or 
more had passed since receipt of the second 
dose of the BNT162b2 vaccine. We used the Min-
istry of Health official database that contains all 
information regarding Covid-19 (see Supplemen-
tary Methods 1 in the Supplementary Appendix, 
available with the full text of this article at 
NEJM.org). We extracted from the database in-
formation on all documented SARS-CoV-2 infec-
tions (i.e., positive result on PCR assay) and on 
the severity of the disease after infection. We fo-
cused on infections that had been documented 

Figure 1. Daily Confirmed SARS-CoV-2 Infections and New Cases of Severe 
Covid-19 among Fully Vaccinated Persons in Israel, June through Early  
August 2021.

The graph shows increases in the numbers of daily severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) infections and new cases of severe 
coronavirus disease 2019 (Covid-19), on different scales, during the delta 
variant wave among persons who had received two doses of vaccine.
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in the period from July 11 through 31, 2021 
(study period), removing from the data all con-
firmed cases that had been documented before 
that period. The start date was selected as a time 
when the virus had already spread throughout 
the entire country and across population sectors. 
The end date was just after Israel had initiated a 
campaign regarding the use of a booster vaccine 
(third dose). The study period happened to coin-
cide with the school summer vacation.

We omitted from all the analyses children 
and adolescents younger than 16 years of age 
(most of whom were unvaccinated or had been 
recently vaccinated). Only persons 40 years of age 
or older were included in the analysis of severe 
disease because severe disease was rare in the 
younger population. Severe disease was defined 
as a resting respiratory rate of more than 30 
breaths per minute, oxygen saturation of less 
than 94% while the person was breathing am-
bient air, or a ratio of the partial pressure of 
arterial oxygen to the fraction of inspired oxy-
gen of less than 300.14 Persons who died from 
Covid-19 during the follow-up period were in-
cluded in the study and categorized as having had 
severe disease.

During the study period, approximately 10% 
of the detected infections were in residents of 
Israel returning from abroad. Most residents who 
traveled abroad had been vaccinated and were 
exposed to different populations, so their risk of 
infection differed from that in the rest of the 
study population. We therefore removed from the 
analysis all residents who had returned from 
abroad in July.

Vaccination Schedule

The official vaccination regimen in Israel involved 
the administration of the second dose 3 weeks 
after the first dose. All residents 60 years of age 
or older were eligible for vaccination starting on 
December 20, 2020, thus becoming fully vacci-
nated starting in mid-January 2021. At that time, 
younger persons were eligible for vaccination only 
if they belonged to designated groups (e.g., health 
care workers and severely immunocompromised 
adults). The eligibility age was reduced to 55 years 
on January 12, 2021, and to 40 years on January 19, 
2021. On February 4, 2021, all persons 16 years 
of age or older became eligible for vaccination. 
Thus, if they did not belong to a designated group, 
persons 40 to 59 years of age received the second 

dose starting in mid-February, and those 16 to 
39 years of age received the second dose starting 
in the beginning of March. On the basis of these 
dates, we defined our periods of interest in half 
months starting from January 16; vaccination peri-
ods for individual persons were determined ac-
cording to the time that they had become fully 
vaccinated (i.e., 1 week after receipt of the second 
dose). All the analyses were stratified according 
to vaccination period and to age group (16 to 39 
years, 40 to 59 years, and ≥60 years).

Statistical Analysis

The association between the rate of confirmed 
infections and the period of vaccination provides 
a measure of waning immunity. Without waning 
of immunity, one would expect to see no differ-
ences in infection rates among persons vaccinated 
at different times. To examine the effect of waning 
immunity during the period when the delta vari-
ant was predominant, we compared the rate of 
confirmed infections (per 1000 persons) during 
the study period (July 11 to 31, 2021) among per-
sons who became fully vaccinated during various 
periods. The 95% confidence intervals for the 
rates were calculated by multiplying the standard 
confidence intervals for proportions by 1000. A 
similar analysis was performed to compare the 
association between the rate of severe Covid-19 
and the vaccination period, but for this outcome 
we used periods of entire months because there 
were fewer cases of severe disease.

To account for possible confounders, we fitted 
Poisson regressions. The outcome variable was 
the number of documented SARS-CoV-2 infec-
tions or cases of severe Covid-19 during the 
study period. The period of vaccination, which 
was defined as 7 days after receipt of the second 
dose of the Covid-19 vaccine, was the primary 
exposure of interest. The models compared the 
rates per 1000 persons between different vacci-
nation periods, in which the reference period for 
each age group was set according to the time at 
which all persons in that group first became 
eligible for vaccination. A differential effect of 
the vaccination period for each age group was 
allowed by the inclusion of an interaction term 
between age and vaccination period. Additional 
potential confounders were added as covariates, 
as described below, and the natural logarithm of 
the number of persons was added as an offset. 
For each vaccination period and age group, an 
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adjusted rate was calculated as the expected num-
ber of weekly events per 100,000 persons if all 
the persons in that age group had been vacci-
nated in that period. All the analyses were per-
formed with the use of the glm function in the 
R statistical software package.17

In addition to age and sex, the regression 
analysis included as covariates the following con-
founders. First, because the event rates were 
rising rapidly during the study period (Fig. 1), we 
included the week in which the event was re-
corded. Second, although PCR testing is free in 
Israel for all residents, compliance with PCR-test-
ing recommendations is variable and is a possi-
ble source of detection bias. To partially account 
for this, we stratified persons according to the 
number of PCR tests that had been performed 
during the period of March 1 to November 31, 
2020, which was before the initiation of the vac-
cination campaign. We defined three levels of use: 
zero, one, and two or more PCR tests. Finally, the 
three major population groups in Israel (general 
Jewish, Arab, and ultra-Orthodox Jewish) have 

varying risk factors for infection. The proportion 
of vaccinated persons, as well as the level of ex-
posure to the virus, differed among these groups.18 
Although we restricted the study to dates when 
the virus was found throughout the country, we 
included population sector as a covariate to con-
trol for any residual confounding effect.

We conducted several secondary analyses to 
test the robustness of the results, including cal-
culation of the rate of confirmed infection in a 
finer, 10-year age grouping and an analysis re-
stricted to the general Jewish population (in which 
the delta outbreak began), which comprises the 
majority of persons in Israel. In addition, a model 
including a measure of socioeconomic status as a 
covariate was fitted to the data, because this was 
an important risk factor in a previous study.18 
Since socioeconomic status was unknown for 
5% of the persons in our study and the missing-
ness of the data seemed to be informative, and 
also owing to concern regarding nondifferential 
misclassification (persons with unknown socio-
economic status may have had different rates of 
vaccination, infection, and severe disease), we did 
not include socioeconomic status in the main 
analysis. Finally, we compared the association 
between the number of PCR tests that had been 
conducted before the vaccination campaign 
(i.e., before December 2020) with the number 
that were conducted during the study period in 
order to evaluate the possible magnitude of de-
tection bias in our analysis. A good correlation 
between past behavior regarding PCR testing and 
behavior during the study period would provide 
reassurance that the inclusion of past behavior 
as a covariate in the model would control, at least 
in part, for detection bias.

R esult s

Study Population

Among 5,279,926 fully vaccinated adults, we re-
tained data on 4,791,398 persons for the main 
analysis (Fig. 2). Among these persons, 13,426 
had a positive PCR test (confirmed SARS-CoV-2 
infection) and 403 had severe Covid-19. Table 1 
provides the number of events according to vac-
cination period, and Table S1 in the Supplemen-
tary Appendix provides a more detailed summary 
according to vaccination period and age group. 
Table 1 shows the characteristics of the study 
population according to vaccination period; Ta-

Figure 2. Study Population.

The population included persons who were fully vaccinated before June 1, 
2021, were not abroad during July 2021, and had no documented SARS-
CoV-2 infection according to polymerase-chain-reaction assay before  
July 11, 2021.

4,791,398 Had not returned from
abroad in July; 13,426 cases

5,061,458 Became fully vaccinated during the period
from January 16 to May 31, 2021; 15,688 cases

5,192,162 Had not been previously infected
with SARS-CoV-2; 15,775 cases

5,274,506 Had available data on sex; 15,775 cases

5,279,926 Persons ≥16 yr of age were alive
and fully vaccinated; 15,801 cases of 

SARS-CoV-2 infection

2,005,512 Were 16–39 yr
of age; 5138 cases

1,296,924 Were ≥60 yr
of age; 3732 cases

1,488,962 Were 40–59 yr
of age; 4556 cases
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bles S2 through S4 show these data for each of 
the three age groups.

Because of the risk-based vaccination policy 
in Israel, persons who were vaccinated in January 
were older than those who were vaccinated later. 
In addition, the lower risk of Covid-19–related 
complications among younger persons may have 
caused a belief that vaccination was not urgent 
or even necessary, which also affected the age 
distribution of vaccination over the months.19 
The distribution of the number of previous PCR 
tests changed slightly between the periods, with 
65% of the persons who became fully vaccinated 
in the second half of January having had no previ-
ous tests, as compared with 75% of those fully 
vaccinated in May. The number of tests seemed 
to be inversely correlated with age. A consider-
able difference was noted in the time of vacci-
nation among the main population sectors: 
Arabs and ultra-Orthodox Jewish persons re-
ceived vaccines later than did persons in the 
general Jewish population. Age and cultural dif-
ferences contribute to these disparities.18 (These 
differences in risk factors were adjusted for by 
their inclusion as covariates in the Poisson re-
gression analysis.)

Descriptive Analysis

The rate of confirmed SARS-CoV-2 infection 
showed a clear increase as a function of time 
from vaccination. Among persons 60 years of 
age or older who were fully vaccinated in the 
second half of January, the rate was 3.3 con-
firmed infections per 1000 persons during the 
study period, as compared with 2.2 confirmed 
infections per 1000 persons who became fully 
vaccinated in the second half of February and 
1.7 confirmed infections per 1000 persons fully 
vaccinated in the second half of March (Fig. 3A). 
Similar results were observed in the other age 
groups and when the analysis was categorized 
according to age in decades (Figs. 3A and S1). 
However, primarily health care workers and se-
verely immunocompromised adults became fully 
vaccinated during the first three vaccination 
periods (January 16 to February 28) in the 
16–39-year-old group and during the first two 
vaccination periods (January 16 to February 15) 
in the 40–59-year-old group; thus, the results for 
those vaccination periods in these age groups may 
be biased owing to selective samples and should 
be interpreted with caution.

A similar pattern was observed in the analy-
sis of severe Covid-19 in the group of persons 
60 years of age or older (Fig. 3B). In this analy-
sis, vaccination periods were defined as January, 
February, March, and the combined April–May 
period because of the small numbers of severe 
cases in each age group. The rate of severe  
Covid-19 among persons 60 years of age or 
older who were fully vaccinated in January was 
0.34 cases per 1000 persons over the study pe-
riod and decreased to 0.26 cases per 1000 persons 
among those who were fully vaccinated in Feb-
ruary, 0.15 cases per 1000 persons fully vacci-
nated in March, and 0.12 cases per 1000 persons 
fully vaccinated in the April–May period. The 
numbers of severe cases in the younger age groups 
were too small for conclusions to be drawn.

Regression Analysis

Tables 2 and 3 present the results of the regres-
sion analyses regarding confirmed SARS-CoV-2 
infection and severe Covid-19, respectively; the 
complete set of estimated coefficients is provided 
in Tables S5 and S6. For each age group, the num-
bers in the tables show the ratios between the 
estimated rates in the first period when the per-
sons in that group were eligible to become fully 
vaccinated (i.e., the second half of January for 
persons ≥60 years of age, the second half of 
February for those 40 to 59 years of age, and the 
first half of March for those 16 to 39 years of 
age) and the estimated rates in the other peri-
ods. The tables also include the adjusted rates 
for each vaccination period. In the group of 
persons 60 years of age or older, the rate of con-
firmed infection among those vaccinated in the 
second half of January was 1.1 times as high as 
the rate among those vaccinated in the first half 
of February. The rate ratio increased to 1.6 and 
2.2 when comparing January vaccinees with those 
who were vaccinated in March and in April, re-
spectively. The same phenomenon, of an increas-
ing rate of confirmed infection with increased 
time since vaccination, was observed in all age 
groups.

Fewer cases of severe Covid-19 were noted in 
persons younger than 60 years of age, especially 
in the group of persons 16 to 39 years of age 
(Table S1), so the model could be fitted only to 
the groups of persons 40 to 59 years of age and 
those 60 years of age or older and only for the 
vaccination months of January through March. 
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The confidence intervals were wide; however, 
the results suggest a monotonic increase in the 
rate of severe disease as time since vaccination 
increased.

The analysis was repeated with socioeconomic 
status as an additional covariate, with the use of 
four categories (0 to 3 [indicating low socioeco-
nomic level], 4 to 6 [indicating medium socio-
economic level], 7 to 10 [indicating high socioeco-
nomic level], and unknown) and yielded similar 
results with only slightly smaller rate ratios 
(Table S8). Similar results were obtained when 
the analysis was restricted to the general Jewish 
population (Table S9).

Discussion

The centralized health care system in Israel suc-
ceeded in vaccinating most of the Israeli popula-
tion relatively early and in a short time.13-15 This 
population is, therefore, useful for studying the 
effects of the BNT162b2 vaccine on the spread of 
SARS-CoV-2 infection and severity of Covid-19, 
as well as for studying the waning of vaccine 
protection over time. The appearance and rapid 
predominance of the delta variant in June 2021 
resulted in a dramatic increase in the number of 
new SARS-CoV-2 infections among fully vacci-
nated persons, which aroused concern regarding 

Figure 3. Rates of Documented SARS-CoV-2 Infection and Severe Covid-19, July 11 to 31, 2021.

Shown are the rates of documented infection per 1000 persons (Panel A) and rates of severe Covid-19 per 1000 per-
sons (Panel B), according to period of second dose of Covid-19 vaccine and age group. In the analyses in the age 
groups younger than 60 years, white bars represent periods during which vaccination was restricted to only desig-
nated groups (e.g., health care workers and severely immunocompromised adults). I bars represent 95% confidence 
intervals, which are not adjusted for multiplicity. In Panel A, white bars represent half a month; in Panel B, white 
bars represent a month.
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decreased efficacy of the vaccine over time 
(Fig. 1).

A comparison of the rate of confirmed infec-
tion among persons vaccinated at different times 
revealed a clear increase in the rate as the time 
from vaccination increased in all age groups, 
with and without correction for measured con-
founding factors (Fig. 3A and Table 2). The rate 
of confirmed infection among persons 60 years 
of age or older who became fully vaccinated in 
the second half of January was 1.6 times as high 
as that among persons in the same age group 
who became fully vaccinated in March. The data 
show a similar increase in rate with increasing 
time since vaccination in the other age groups. 
The rate of severe Covid-19 cases also increased 
as a function of time from vaccination. Serologic 
studies in Israel have shown a correlated time-
dependent reduction in neutralization titers,12,20 
which might be the biologic mechanism govern-
ing the observed waning immunity, and thus 
support the finding in this population-based 
research.

In contrast to early findings from the United 
Kingdom,5 approximately two thirds of the cases 
of severe Covid-19 in Israel during the study pe-
riod occurred in persons who had received two 
doses of the BNT162b2 vaccine. Two major dif-
ferences exist between the studies. First, the cur-
rent analysis used data from July 2021, a time 
when, for most of the Israeli population, at least 
5 months had passed since receipt of their sec-
ond dose of vaccine. The U.K. data were collected 

during the period of April through June 2021, 
with a much shorter time from vaccination to 
infection. Second, Israel has followed the origi-
nal Pfizer–BioNTech protocol of administering 
the second dose 3 weeks (21 days) after the initial 
injection in most recipients, whereas the time 
between doses in the United Kingdom has typi-
cally been longer.6

A comparison of vaccinated persons with 
unvaccinated persons is of interest in order to 
predict the future burden on the health system. 
We therefore obtained data on the entire Israeli 
population from the Israeli Central Bureau of 
Statistics and calculated the number of unvacci-
nated persons indirectly. Moreover, unvaccinated 
persons might differ from the vaccinated popu-
lation in important characteristics that could 
result in biased estimates. Nevertheless, we esti-
mated the effectiveness of the vaccine against 
confirmed SARS-CoV-2 infection (see Supplemen-
tary Analysis 1). Vaccinated persons were found 
to be protected even after 6 months, as com-
pared with unvaccinated persons. However, vac-
cine effectiveness was considerably lower than it 
had been closer to the vaccination date. Our find-
ings are in line with findings from the random-
ized trial of the BNT162b2 vaccine, which showed 
a reduction in vaccine efficacy against symptom-
atic infection from 96% in the first 2 months 
after vaccination to 84% at 4 to 7 months after 
vaccination, when averaged over all age groups 
combined.9

Observational studies are subject to confound-

Table 3. Rate Ratios of Severe Covid-19 According to Age Group and Vaccination Period.*

Age Group Vaccination Period

January February March

40–59 Yr

Rate ratio of reference vs. period (95% CI) 0.6 (0.3–1.4) Reference 2.2 (0.6–7.7)

Adjusted rate — no. of events/wk/100,000 persons 1.0 0.6 0.3

≥60 Yr

Rate ratio of reference vs. period (95% CI) Reference 1.2 (1.0–1.5) 1.8 (1.1–2.9)

Adjusted rate — no. of events/wk/100,000 persons 10.7 9.0 5.9

*  For severe Covid-19, estimates are provided for the whole months of January, February, and March. Estimates are  
not provided for the youngest age group (16 to 39 years of age) and for the latest vaccination periods (April and May) 
because of very low case numbers. Analyses were adjusted for week of infection, number of previous PCR tests (0, 1,  
or ≥2), population sector, and sex. Shown are rate ratios during the period of July 11 through 31, 2021, as a function  
of time since full vaccination. The numbers in each age group are the ratios between the estimated rates in the first  
period when persons in that group were eligible to receive vaccination and the estimated rates in the other periods.  
The 95% confidence intervals are not adjusted for multiplicity.
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ing bias and detection bias. We examined these 
biases by using different sensitivity analyses (see 
Supplementary Analysis 2) and obtained similar 
results. Nevertheless, some sources of bias might 
remain; for instance, any effects that were due 
to differences in coexisting conditions between 
the vaccination periods could not be controlled 
for, because coexisting conditions are not recorded 
in the national database.

We did not separate the contribution of vac-
cine breakthrough due to waning immunity from 
the contribution due to the change in the domi-
nant variant from alpha (B.1.1.7) to delta. Our 
analysis showed only the clear effect of waning 
vaccine-induced immunity against the delta vari-
ant. In addition, we were not able to quantify the 
extent of waning in the months immediately after 
vaccination (when the prevalence was extremely 
low in Israel).

Understanding the extent of waning immu-
nity is critical for policy making, especially re-
garding vaccination strategies. The results pre-
sented here provided an epidemiologic basis for 
the decision by the Israeli Ministry of Health on 
July 30, 2021, to approve the administration of a 
booster (third dose) of Covid-19 vaccine to per-
sons who had been vaccinated at least 5 months 
previously. The findings also suggest the need to 
follow the effects of waning immunity closely 
and to inform policymakers worldwide who are 
facing decisions regarding the administration of 
booster vaccinations.

Disclosure forms provided by the authors are available with 
the full text of this article at NEJM.org.

We thank Ofra Amir, Ronen Fluss, Sarah Goldberg, Boaz Lev, 
Ami Mizrahi, Geert Molenberghs, Rami Yaari, and Arnona Ziv 
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