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Summary
Background COVID19 vaccination coverage in Israel varies among population groups. Comparing crude coverage
between groups is misleading because of different age structures and socio-economic differences. To describe
inequalities in COVID19 vaccine initiation in Israel we analysed the interaction of age and population groups in
terms of dose 1 vaccine coverage

Methods We calculated cumulative age-specific first COVID19 vaccine coverage by population group (Ultra-Ortho-
dox Jewish, Arab, General Jewish). We calculated the relative differences in vaccine coverage between population
groups within each age group, and between age groups within each population, using ANOVA and binomial regres-
sion after adjusting for socio-economic status

Findings 8,507,723 individuals in 268 cities were included. Compared with the general Jewish population, coverage
was lowest in the Ultra-Orthodox population in all age groups (range -12% among 60+ to -52.8% among 10-19 years
olds, p<0.001). In all groups, the proportion of vaccinated individuals in younger age groups relative to those aged
60+ decreased with decreasing age and were smallest in the Ultra-Orthodox groups. For example, within the general
Jewish population, people aged 20-29 were 14% less likely to be vaccinated than those aged 60+ while within the
Ultra-Orthodox population it was 34.5%

Interpretation In all age groups, the Ultra-Orthodox population had the lowest vaccine coverage. Differences
persisted after adjusting for socio-economic status. The younger the age group, the more Ultra-Orthodox
Jews were diverging from age peers in terms of initiating COVID19 vaccination, suggesting a generational
effect. Tailored approaches are urgently required to encourage vaccination among under-immunized groups
in Israel

Funding No specific funding was received

Copyright � 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
Introduction
By July 2021, The COVID-19 pandemic, which was
detected in China in December 2019 and rapidly spread
globally, had infected over 187 million and killed at
least 4 million individuals,1 disrupting trade, travel,
education, and the economy on an unprecedented scale.
Despite a range of measures such as social distancing,
masks, mass testing, surveillance and repeated lock-
downs, implemented to varying degrees of stringency
by almost every country in the world, the pandemic con-
tinued to spread. The emergence of safe and effective
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vaccines in December 2020,2−4 with more at various
stages of development5 offer new hope for controlling
the pandemic.

Israel has not been spared by the pandemic and as of
July 11 2021 reported 846,327 cases and 6,438 deaths.6

By this date Israel had vaccinated 61¢6% of the popula-
tion with one dose of the BNT16b2 mRNA vaccine and
55¢8% with the second dose, including over 92% of indi-
viduals over the age of 60,6 the highest proportion in
the world.6 The benefits of such high vaccine coverage
were seen, with a sharp decrease in transmission and
incidence since March 20206 despite a gradual easing
of control measures. Reasons for this success include
Israel's small size, a centralized national system of gov-
ernment, experience in managing large-scale national
emergencies, the organizational, IT and logistical
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Research in context

Evidence before this study

High national-level coverage of COVID-19 vaccine in
Israel masks inequalities between population and
age groups. Comparison of crude vaccine coverage
between groups, notably Ultra-Orthodox, Arab and the
general population, may be misleading because of dif-
fering age structure, socio economic status and back-
ground incidence.

Added value of this study

This study not only shows differences in age-specific
COVID19 vaccine coverage between groups comprising
Israeli society, but demonstrates a generational effect
by which differences in COVID19 vaccine initiation
between population groups increase as age decreases.
We identify young, ultraorthodox citizens as the most
undervaccinated group in Israel. This is a particular con-
cern as this group includes parents of most of the chil-
dren in Israel, who are currently or slated to become
eligible for COVID19 vaccination.

Implications of all the available evidence

There is an urgent need for tailored COVID19 vaccina-
tion campaigns targeting Ultra-Orthodox residents
under the age of 40 as well for qualitative studies to
understand barriers to COVID19 vaccination in the seg-
ment of the population.
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capacities of Israel's community-based health care pro-
viders, and the mobilization of special government
funding for vaccine purchase and distribution.7 In early
June 2020, the importation in Israel of the delta variant,
against which the effectiveness of the BNT16b2 mRNA
vaccine is lower,8 led to an increase in incidence,
although effectiveness against severe illness and death
remains high and the incidence of severe cases and case
fatality rates remains low.9

Vaccinations against COVID in Israel has taken
place in community health centres (HMOs), hospi-
tals, ad-hoc vaccination centres in repurposed facili-
ties such as stadiums and sport centres, and mobile
units reaching remote and small communities. Com-
munity health clinics are located in almost every
Proportion of total
population (%)

General Jewish 67

Ultra-Orthodox Jewish 12

Arab* 21

Table 1: Age distribution by population group, Israel, 2015.
* includes the Druze populationSource: Israel Central Bureau of Statistics
municipality in Israel and all citizens and residents,
by law, have to be registered with one. Those over
the age of 60 first became eligible on 20/12/20,10

followed by those over 55 on 12/01/21,11 those over 35
on 28/01/2112 over 16 on 03/02/202113 and finally
teenagers over 12 on 06/06/21.14 Until early March
2020, individuals who had evidence of COVID-19
infection and had recovered were not eligible for vac-
cination. In early March 2020, they became eligible
for a single dose. In addition to age eligibility, emer-
gency, healthcare, defense forces and education
workers and in late January also high school pupils
have been prioritized for vaccination.10,15 Finally,
resourceful individuals have at times succeeded in
getting vaccinated outside of eligibility criteria, for
example by waiting for leftover doses outside of clin-
ics. By 04/01/21, for example, more than 30% of vac-
cinated individuals were under the age of 6016

despite only a minority (such as healthcare workers
and other emergency response personnel) being eli-
gible.

The three largest population groups in Israel are the
non-ultra-orthodox Jewish population (thereafter called
“general Jewish”), and the Ultra-Orthodox Jewish and
Arab (mainly Muslim, including Bedouin, and Chris-
tian) populations. These groups comprise the Israeli
population alongside smaller groups such as the Druze
and Circassians. Each community tends to live in sepa-
rate localities. In Israel, the Central Bureau of Statistics
(CBS) assigns each municipality to one of 10 socio eco-
nomic clusters from 1 (most deprived) to 10 (least
deprived). The allocation of each municipality and
methodology is available on their website.17 Compared
with the general Jewish population, Ultra-Orthodox and
Arab municipalities are socio-economically deprived.18

The Arab population lives mostly in towns and villages,
most of them located in the northern Galilee area, while
the Jewish population is more urban, and the Ultra-
Orthodox population lives almost entirely in urban
municipalities in the Center area. In addition these two
populations are much younger than the general Jewish
population: in 2015 29% of the general Jewish popula-
tion was under 18, compared with 56% of Ultra-Ortho-
dox Jews and 43% of Arabs19 (Table 1).

Despite overall high vaccine coverage in Israel, there
are wide variations by geography, and therefore popula-
tion group. By July 11 2021, vaccination coverage by
Proportion of the group
aged under 18 (%)

Proportion of the group
aged over 65 (%)

29 16

56 3

43 4
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municipality for the first dose ranged 2¢5-99%.6 These
disparities exist despite local availability of the vaccine
in the entire country and free vaccination for all. Com-
paring crude coverage between localities and population
groups may however be misleading because of the very
different age structure underlying each group, because
COVID19 incidence varied by locality and because of
socio economic variation between these groups, a factor
often associated with differences in vaccine
coverage.20,21 In order to describe inequalities in
COVID19 vaccine initiation we determined differences
in age-specific dose 1 vaccine coverage between the
main population groups in Israel after taking socio eco-
nomic differences into consideration, and characterised
the influence of age on vaccine coverage within each of
these groups.
Methods
We generated a dataset of dose-1 vaccine coverage by age
group and by municipality, by linking two publicly avail-
able datasets: first, population size by municipality in 5
year age-bands;22 and second, the daily cumulative
number of first doses of COVID19 given in each munic-
ipality, by 10 year age-bands.23 The datasets were linked
using municipality codes unique to each locality. We
thus categorized the population in 6 age groups: 10-19,
20-29, 30-39, 40-49, 50-59 and 60 and over. Although
10-12 year olds are not yet eligible for vaccination, we
included them in the denominator since denominator
data is available only for five years age bands. This leads
to underestimating vaccine coverage but does not affect
between and within group comparisons. The most
recent available population census with age distribution
was from 2018,24 so in order to adjust for population
growth, we extrapolated the population in each age
group by population growth factor for each municipality
2018-2021

For data privacy reasons, vaccination data available
from the ministry of Health does not include municipal-
ities under 2000 residents, resulting in a total of 775,231
not included in our analysis. None of these municipali-
ties were Ultra-Orthodox; 101,875 (13.1%) people were
living in Arab municipalities, and the rest (86.9%) in
Jewish, non Ultra-Orthodox municipalities. The remain-
ing 268 municipalities all had complete data for all age
groups.

In the vaccination data, if a cell (date, age group and
municipality) contained less than 15 vaccinations it was
written “<15” for privacy reasons. In order to aggregate
the data in these cells we replaced these values with 10.

Sectors were categorized using the municipality
form code in the population size dataset to determine
settlements with an Arab (including Druze) majority.
There is no official category identifying Ultra-orthodox
municipalities, so we classified as Ultra-Orthodox
municipalities where Ultra-orthodox residents
www.thelancet.com Vol xx Month xx, 2021
comprised 60% or more of the population. Municipali-
ties with an Ultra-Orthodox population between 40 and
59% were considered mixed Jewish, and those with
40% or less as General Jewish.1

We calculated overall unadjusted and age-adjusted
vaccine coverage for each group, using direct stan-
dardization and the Israeli population as a standard.
We performed 2 Kruskal Wallis tests: one for sector
with four levels (Arab, General Jewish, Ultra-Ortho-
dox Jewish and Mixed Jewish) and one for age with
six levels (10-19, 20-29, 30-39, 40-49, 50-59, 60+).
The analysis was weighted so that each age group in
each municipality was adjusted to represent its rela-
tive proportion within each population group or age
group.

In order to quantify the relative differences in vac-
cine coverage between population groups within each
age group, and between age groups within each pop-
ulation, we conducted a series of binomial regres-
sions with a log link. In our models the municipality
was the unit of analysis, the number of first doses
administered, the outcome, the size of the popula-
tion as the offset and population groups as a categor-
ical explanatory variable We used the CBS Socio
economic clusters as a variable in our model to
adjust for Socio-economic status.

Analyses were conducted using R and Stata16 (Stata
corp, Texas). The analysis made exclusive use of publicly
available data and no ethical approval was required.

Role of the funding source: No specific funding was
sought or obtained for this study
Results
A total of 8,507,723 individuals (after extrapolation by
2018-2021 growth factor) in 268 cities, towns and vil-
lages with valid information were included. Of these 97
municipalities were Arab (including Druze) represent-
ing 16.6% of the sample population, 11 were Ultra-
Orthodox (7¢1% of the sample population), 154 General
Jewish (63¢2%) and 6 mixed (13¢1%), including Jerusa-
lem, Israel’s largest city. Overall coverage in General
Jewish, Ultra-Orthodox, Mixed and Arab municipalities
was 80.1%, 46.7%, 62.7% and 64.4% respectively. Age-
adjusted coverage in these same groups was 78.4%,
56%, 65.9% and 68.5% respectively.

Vaccine coverage decreased with age (Table 2,
Figure 1) and the difference between age groups was
significant ((H (5) = 699.69, p <0¢001, h2p = 0.23).
Across all age groups, coverage was lower in other popu-
lation groups compared with the general Jewish popula-
tion (Figure 1, Table 2) and the differences between
sectors was statistically significant((H(3) = 222.54, p<
0¢001, h2 = 0¢45)).

Compared with coverage in general Jewish munici-
palities, coverage was lower in all other municipalities
for all age groups, but was lower in Ultra-Orthodox
3



Age
group

Population group Number
eligible (n)

Vaccine
coverage (%)

Unadjusted RR*
(within age
groups)

95%CI RR adjusted for
socio economic
status*

95%CI

60+ General Jewish 1113200 93¢9 baseline

Ultra-Orthodox Jewish 32451 82¢7 0¢880 0¢876-0¢885 0¢917 0¢912-0¢922
Mixed 130244 86.9 0¢926 0¢924-0¢927 0¢955 0¢953-0¢958
Arab 107170 86¢3 0¢920 0¢917-0¢922 0¢950 0¢948-0¢953

50-59 General Jewish 561376 89¢9 baseline

Ultra-Orthodox Jewish 23831 68¢5 0¢762 0¢755-0¢768 0¢872 0¢864-0¢88
Mixed 76360 76.8 0¢854 0¢851-0¢857 0¢947 0¢943-0¢951
Arab 114842 80¢9 0¢900 0¢897-0¢903 1¢002y 0¢998-1¢006

40-49 General Jewish 709265 85¢0 baseline

Ultra-Orthodox Jewish 42039 60¢1 0¢707 0¢702-0¢713 0¢740 0¢734-0¢746
Mixed 94610 73.2 0¢862 0¢858-0¢865 0¢892 0¢888-0¢896
Arab 153143 75¢6 0¢890 0¢887-0¢893 0¢924 0¢921-0¢928

30-39 General Jewish 756933 80¢6 baseline

Ultra-Orthodox Jewish 65256 53¢5 0¢665 0¢660-0¢669 0¢696 0¢69-0¢701
Mixed 125303 68.9 0¢855 0¢852-0¢858 0¢885 0¢881-0¢889
Arab 165208 75¢3 0 ¢934 0¢932-0¢937 0¢972 0¢968-0¢976

20-29 General Jewish 707576 80¢8 baseline

Ultra-Orthodox Jewish 82097 54¢2 0¢670 0¢666-0¢675 0¢83 0¢824-0¢836
Mixed 173336 66.5 0¢824 0¢821-0¢827 0¢967 0¢963-0¢972
Arab 237135 72¢9 0¢903 0 ¢901-0¢905 1¢081 1¢077-1¢085

10-19 General Jewish 767477 47¢5 baseline baseline

Ultra-Orthodox Jewish 133654 22¢2 0¢467 0¢462-0¢472 0¢764 0¢754-0¢774
Mixed 203627 30 0¢635 0¢631-0¢635 0¢920 0¢912-0¢928
Arab 276088 28¢9 0¢607 0¢604-0¢611 0¢917 0¢909-0¢925

Table 2: Differences in COVID 19 vaccination by population group among each age group, Israel, April 2021.
All risk ratios are statistically significant, p<0.001 except when marked y where it is not significant
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municipalities for all age groups (range -12%, 95%CI
-12¢4%;- 11¢5% among 60+ to -53¢3% 95%CI -53¢8%;
-52¢8% among 10-19 years old, p<0¢001, Table 2).
After adjusting for socio economic status, differences in
coverage reduced, and in some cases disappeared for all
groups and especially for the Arab population compared
with general Jewish municipalities (Table 2). However
differences remained important for the Ultra-Orthodox,
in particular among younger age groups. After adjust-
ing for SES, groups under the age of 50 in Ultra-Ortho-
dox municipalities are the only ones vaccinated at less
than 85% of the proportion of the same age groups in
General Jewish municipalities (Table 2).Within each
population group, the proportions of individuals in
younger age groups vaccinated relative to older age
groups differed. They decreased with decreasing age in
all groups and were smaller in the Ultra-Orthodox
groups compared with the General Jewish, Mixed and
Arab municipalities (Figure 2, Table 3). For example,
within the general Jewish population, people aged 20-
29 were 14% less likely to be vaccinated than those over
the age of 60, increasing to 34¢5% in the Ultra-Orthodox
population (Figure 2, Table 3). The Ultra-orthodox pop-
ulation was the least vaccinated in all age groups rela-
tively to those aged 60 and over (Figure 2)
Discussion
Coverage for the COVID19 vaccine in Israel, varies
widely in different groups comprising Israeli society.
While adjusting for socio-economic differences
accounted for most, and in some cases all of the differ-
ence in coverage between the Arab and general Jewish
population, differences between the Ultra-Orthodox and
General Jewish municipalities persisted after adjust-
ment, suggesting different drivers for underimmuniza-
tion in these population groups. In all age groups, the
Ultra-Orthodox population had the lowest vaccine cover-
age. Despite government recommendation to vaccinate
teenagers vaccine coverage was low among individuals
aged 10-19, and younger individuals in the Ultra-Ortho-
dox population were the least likely to be vaccinated,
with the size of the relative differences between this
group and others increasing with decreasing age, and
the relative difference in vaccine coverage between
younger and older age groups being larger in the Ultra
-Orthodox population than in the general Jewish or
Arab population. Expressed differently, the younger the
age group, the more Ultra-Orthodox Jews are diverging
from their age peers in terms of initiating COVID19
vaccination. These inequalities were exacerbated after
vaccination was opened to teenagers from the age of 12
www.thelancet.com Vol xx Month xx, 2021



Figure 1. Proportion vaccinated against COVID�19 with first dose, 20/12/20�11/07/21, by sector and age group.
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in June 2021. These findings suggest generational dif-
ferences in terms of vaccination behaviour in this
group. This study does not provide an explanation for
this observation, but identifying age and population
Figure 2. Proportion vaccinated against COVID19 relative to those
between groups are statistically significant, p<0.001.

www.thelancet.com Vol xx Month xx, 2021
group specific barriers to vaccination, and providing tai-
lored strategies to increase vaccination in this group is
an urgent priority considering the uncertainty over the
pandemic. Low vaccination in this group could initially
over the age of 60, by age group, Israel, July 2021 all differences
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Age group Population
group

Number
eligible (n)

Vaccine
coverage (%)

RR (within
ethnic groups)

95%CI

General Jewish 60+ 1113200 93¢9 baseline

50-59 561376 89¢9 0¢958 0¢957-0¢959
40-49 709265 85¢0 0¢905 0¢904-0¢906
30-39 756933 80¢6 0¢858 0¢857-0¢859
20-29 707576 80¢8 0¢860 0¢859-0¢862
10-19 767477 47¢5 0¢506 0¢505-0¢508

Ultra-Orthodox Jewish 60+ 32451 82¢7 Baseline

50-59 23831 68¢5 0¢828 0¢82-0¢837
40-49 42039 60¢1 0¢727 0¢72-0¢734
30-39 65256 53¢5 0¢648 0¢642-0¢653
20-29 82097 54¢2 0¢655 0¢65-0¢66
10-19 133654 22¢2 0¢269 0¢266-0¢272

Mixed 60+ 130244 86.9 baseline

50-59 76360 76¢8 0¢884 0¢88-0¢888
40-49 94610 73¢2 0¢843 0¢839-0¢847
30-39 125303 68¢9 0¢793 0¢79-0¢796
20-29 173336 66¢5 0¢766 0¢763-0¢769
10-19 203627 30 0¢348 0¢345-0¢35

Arab 60+ 107170 86¢3 Baseline

50-59 114842 80¢9 0¢937 0¢934-0¢941
40-49 153143 75¢6 0¢876 0¢873-0¢879
30-39 165208 75¢3 0¢872 0¢869-0¢875
20-29 237135 72¢9 0¢845 0¢842-0¢848
10-19 276088 28¢9 0¢334 0¢332-0¢337

Table 3: Differences in COVID 19 vaccination by age group among each population group, Israel, April 2021. All risk ratios are statistically
significant, p<0.001.

6

Articles
be explained by high incidence of COVID19 among
young Ultra-Orthodox Jews because infected individuals
were not eligible. However they became eligible in
March 2021. Incidence was also high among young
individuals in the Arab population, yet coverage in this
group increased and became much closer to similar age
groups in the general Jewish population compared with
the Ultra-Orthodox groups. Overall, delaying eligibility
for those previously infected means that a high propor-
tion of those unvaccinated were previously infected and
have some degree of protection conferred by natural
infection. Therefore, in the Israeli context, vaccine cov-
erage underestimates true population immunity.

Tailored approaches to vaccination are widely recog-
nized as an effective approach to successful vaccination
programmes in minority groups.

Our study demonstrates how coverage figures can be
misinterpreted if interpreted at face value because of
the very different age structures and background inci-
dence in the different populations included in this
study. Socio economic differences also partly account
for observed differences. While an adjusted, age-strati-
fied analysis shows that among different ethno-religious
groups differences in those over the age of 50 are rela-
tively small, other groups, especially younger Ultra-
Orthodox groups, remain under-vaccinated. This is a
threat to achieving optimal protection against COVID19
through vaccination, which will require equitable cover-
age in all population groups, in particular in a small,
densely populated country such as Israel. If the Ultra-
Orthodox population under 40 remains under vacci-
nated, the risk of recurrent clusters of COVID19 in this
population is high, in particular as international travel
reopens and high volume of travel between Ultra-Ortho-
dox communities in Israel and abroad resumes. This
epidemiological picture has been described in the Ultra-
Orthodox communities for other infectious diseases
such as measles.25 As vaccine eligibility extends further
to younger children, as is planned in Israel, the impact
of an under vaccinated Ultra-Orthodox population may
be compounded by the fact that the proportion of chil-
dren under the age of 18 is higher in this group than
any other population group in Israel, and most parents
will be under the age of 40, the least vaccinated group.
Although our study does not measure parent’s intention
to vaccinate their children, evidence suggests that
parent’s intention to vaccinate their children against
COVID is lower than their intention to vaccinate them-
selves.26 While it is important to identify and address
immunity gaps in the most underserved groups,
www.thelancet.com Vol xx Month xx, 2021



Articles
continued efforts to improve coverage is essential, in
particular in younger individuals where coverage
remains low in all population groups.

This study is to our knowledge the first to describe
how age and belonging to a particular group interact to
influence COVID19 vaccine coverage in Israel. Our
study has used comprehensive datasets taken from offi-
cial governmental databases, covering the majority of
the population is Israel. Bias and representativeness are
therefore unlikely to be issues.

Differences in COVID19 vaccination according to
ethnicity has also been observed in other countries such
as the UK27 and the USA.28 However, it is important to
note that unlike most ethnic minorities in other coun-
tries, Arabs in Israel achieve higher vaccine coverage for
routine vaccination than the Jewish majority.29

There are several limitations to this study. First, the
most recent demographic data was from 2018, which
leads to a slight underestimation of the denominator
and over estimation of vaccine coverage. However the
timeframe between 2017 and 2021 is too short to signifi-
cantly impact on the relative distribution of the popula-
tion by age or population group, and relative measures
are therefore unlikely to be significantly affected. We
applied a correction factor based on national growth to
try and minimize the effect of an underestimated
denominator. We also assumed that the population
groups considered in the study (General Jewish, Ultra-
Orthodox and Arab) are homogenous in their vaccina-
tion behaviour, which is unlikely to be true. More local-
ized analyses, combined with qualitative research
understanding barriers and enablers in specific commu-
nities, will enable to understand drivers of vaccination
with more granularity.

Data were available at the municipality, rather than
individual level. As with all ecological studies, there is a
risk of ecological fallacy since it is not known within
municipalities that are not entirely populated by one
group or another whether vaccine coverage differs
among groups. Since the vaccination roll out is national
and everyone has the same level of access to resources,
the risk for ecological fallacy is however low. The fact
that cities classed as mixed fall somehow in between,
suggesting a gradient in coverage according to the pro-
portion of the population being Ultra-Orthodox, also
provide reassurance

Another limitation was that the exact numbers of
daily vaccination administered was suppressed from the
dataset when it was less than 15 for fear of deductive dis-
closure. As a pragmatic measure, we assigned ten vac-
cines when less than 15 was indicated. Although not
exact, the small numbers compared with the overall
large sample size are unlikely to bias the findings.

Another limitation is that the proportion of Ultra-
Orthodox population (7¢1%) and Arab population
(16¢6%) is smaller in the study sample than in the popu-
lation (12% and 21% respectively). This is mostly
www.thelancet.com Vol xx Month xx, 2021
because significant proportions of these populations
live in municipalities counted as General Jewish or
mixed (30% of the ultra-Orthodox and 10% of the Arab
population); Jerusalem, classed as mixed in our study,
is home to over 24% of the Ultra-Orthodox population
19% of the Arab population.

Our analysis offers an in-depth characterization of
how age, population groups and their interplay impact
on vaccine coverage. As of July 11th, 2021 Israel is
among the countries most vaccinated against COVID-
19. Nevertheless the rate of coverage increase is slowing
down as those eager to be vaccinated have now received
the vaccine. The vaccination progamme now requires
tailored approaches in order to convince those who are
more indifferent or perhaps even skeptical about vacci-
nation,26 to get vaccinated. Our study identifies a num-
ber of groups, in particular younger individuals in
general but also specifically in the Ultra-orthodox popu-
lation, as falling behind others in terms of vaccine cover-
age. Qualitative studies understanding the causes
behind this divergence are urgently needed to inform
tailored vaccination strategies.
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