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SUMMARY

In August 2013, a nationwide vaccination campaign with bivalent oral polio vaccine (bOPV) was
initiated after isolation of wild-type poliovirus type 1 (WPV-1) in routine sewage surveillance in
Israel. The campaign started in the Southern district and later extended to the entire country.
This study examined the association between socioeconomic status (SES), and compliance with
bOPV vaccine during the campaign. Nationwide data relating to SES by geographical cluster
were correlated with vaccine coverage rates in the same areas. All analyses were conducted
separately for Jews and Arabs. Coverage with the bOPV vaccination campaign in the Arab
population (92·4%) was higher than in the Jewish population (59·2%). This difference was
consistently present in all SES clusters. In the Jewish population there was an inverse correlation
between SES and vaccination coverage rates (R =−0·93, P< 0·001). Lower vaccination coverage
with supplemental vaccine activities in higher SES groups is a challenge that needs to be
addressed in future public health events and emergencies in order to achieve satisfactory
protection rates for the public.
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INTRODUCTION

Poliomyelitis has been targeted for eradication by the
World Health Organization (WHO) since 1988. The
intended timeline for the completion of eradication
was targeted for the end of 2000 [1]. The European

Region of the WHO, of which Israel is a member,
was declared polio-free in 2002 [2]. As of 2015, only
two countries remained endemic for wild-type poliovirus
infection: Afghanistan and Pakistan. Many other coun-
tries are experiencing the re-introduction of poliovirus,
e.g. Equatorial Guinea, Ethiopia, Somalia, Cameroon,
Iraq,Nigeria andSyrianArabRepublic [3], complicating
eradication efforts.

In Israel, the last known transmission of poliovirus
occurred in 1988, resulting in 15 paralytic cases [4]. A
nationwide vaccination campaign was initiated, and

* Author for correspondence: Dr B. Binyaminy, Edith Wolfson
Medical Center, Directorate, 62 Halohamin St, P.O.B. 5, Holon
58100-15, Israel.
(Email: binyaminb@wolfson.health.gov.il)

Epidemiol. Infect. (2016), 144, 2840–2847. © Cambridge University Press 2016
doi:10.1017/S0950268816000844



over 90% of the target population (aged 2 months–40
years) was immunized to contain the event [5].
Between 1990 and 2004, the national childhood vac-
cination plan included three doses of inactivated
polio vaccine (IPV) and three doses of live-trivalent
attenuated oral polio vaccine (OPV) during the first
15 months of life. An additional OPV booster dose
was given during first school year [6]. Concurrently,
routine monitoring of wild polioviruses (WPV) was
initiated, including an environmental polio surveil-
lance programme through monthly sampling of 8–10
sentinel sewage treatment facilities and mandatory
notification of clinical cases of acute flaccid paralysis
(AFP) in children up to age 15 years [7]. In 2005, 3
years after the WHO declaration of the European
Region, including Israel, as polio free [2], the
Ministry of Health (MoH) ceased using OPV. The
subsequent vaccination approach included a five-dose
IPV schedule, given at ages 2, 4, 6, and 12 months
with a booster dose at second school year [5]. The
most recent IPV national coverage (fourth dose
added at age 2 years) rates in Israel are estimated at
95% [8, 9].

After a long polio-free period (last poliomyelitis
case in 1988), in May 2013, viral isolates from envir-
onmental sewage samples from Rahat, a town in the
Southern district of the country, were identified as
WPV type 1 [7]. The findings recurred in sequential
samples in several other communities in Southern
Israel. The MoH responded to these findings by
expanding the number of localities performing sewage
sampling and by increasing the frequency of sampling.
A national IPV catch-up vaccination campaign in
children aged up to 6 years was initiated, a health pro-
motion campaign emphasizing the importance of
hand washing was advanced through the media and
enhanced active surveillance of cases of AFP was
broadened to include cases of aseptic meningitis [7].

Despite these efforts, environmental surveillance
samples continued to be positive for WPV-1. The evi-
dence of re-introduction of poliovirus into the com-
munity was strengthened by identification of WPV-1
in consecutive stool samples collected from healthy
children and adults [6]. Since the immune protection
of children born after 2004 is based solely on high
coverage with IPV, a large cohort of children had no
intestinal immunity which could lead to persistence
of wild virus circulation [8]. Therefore, a broad sup-
plementary vaccination campaign with bivalent OPV
(bOPV) for children born after 1 January 2004 who
received at least one dose of IPV was initiated on 5

August 2013 in the Southern district. Shortly after
the detection of WPV-1 in sewage samples from
other areas, the campaign was extended to the whole
country. The vaccination campaign that included ad-
ministration of one bOPV dose continued until
December 2013. Since no cases of paralytic polio
were detected, the major goal of the vaccination cam-
paign was to ensure, as efficiently and rapidly as pos-
sible, the cessation of poliovirus circulation in the
country.

Children aged <10 years were defined as the target
group for bOPV, because they had not previously
received OPV and were not expected to have adequate
intestinal immunity, putting them at risk of transmitting
the virus to other unvaccinated or under-vaccinated
persons.

A major effort was invested in increasing vaccin-
ation coverage. Assessment of population compliance
trends and understanding related factors in this setting
is of major importance. Some of these factors, includ-
ing the logistic structure of the vaccine delivery system
and communication to the public [10], were similar
throughout the country. However, other population
characteristics and parental attitudes towards the dis-
ease and vaccines [11] may vary by location or be
based on other characteristics. Studies attempting to
demonstrate the association between socioeconomic
status (SES) and vaccines have shown conflicting
results [10–14].

In Israel, this association is further complicated due
to existing ethnic differences. The country includes
two main ethnic groups: Jews and Arabs, comprising
75% and 21% of the population, respectively [15], and
a significant disparity in SES as well as health indica-
tors exists between these two subgroups. Sixty-eight
per cent and 23% of children in the Arab and Jewish
population, respectively, live in conditions of poverty
[16]. There are 2·5 times more Jews with at least 16
years of education than Arabs [16].

In this studyweassessed the associationbetween com-
pliance with oral polio vaccination during the described
event in Israel and SES, stratified by ethnicity.

METHODS

This is a population-based study, including the entire
population of Israel aged <10 years. Vaccine coverage
was calculated by dividing the number of all the vac-
cinees by the number of candidates. Since the MoH
invested significant efforts to maximize vaccine cover-
age by using a communication campaign through the
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media and reaching out to parents of unvaccinated
children, we designated non-vaccinated individuals
as refusals. Therefore vaccine coverage is used as an
approximation of compliance.

All children born after 1 January 2004 (aged 2
months–9 years), who received at least one dose of
IPV (about 1 300 000 [17]), were included in the target
population for the campaign. All of Israel’s 1187 mu-
nicipalities, grouped into seven geographical districts
(South, North, Center, Haifa, Ashkelon, Jerusalem,
Tel-Aviv), were included. For each child arriving at
the vaccination clinic, a questionnaire was completed
order to rule out contraindications and the date and
lot number of the vaccine were entered into the na-
tional computerized childhood vaccination database,
which is used routinely for childhood vaccinations in
the country.

Data were collected about the per cent coverage of
bOPV (types 1 and 3) in each community following
the national vaccination campaign [17]. For each
community, the rating of SES was obtained from
Israel’s National Central Bureau of Statistics (CBS),
based on demography, education, employment and
standard-of-living variables [18]. The SES information
was presented on an ordinal scale of 1–10 in accord-
ance with the CBS definitions for the municipalities
throughout the country. All of the municipalities
were categorized into clusters based on these defini-
tions and an additional cluster, 0, was added for the
dispersed Bedouin population that has an undefined
status, yet due to living in non-established settlements,
known for especially low socioeconomic conditions.

Given substantial differences in health-related knowl-
edge, attitudes, and behaviour in Israel’s Jewish and
Arab population [19, 20], the analysis was stratified by
ethnicity. An ethnicity variable was defined, classifying
each municipality as composed primarily (>90%

according to the CBS data) of Jewish residents, Arab
residents or mixed.

Statistical analysis

Immunization coverage for each municipality was cal-
culated as percentage of the target population. We
examined the association between immunization
coverage rate and SES scores by statistical measures:
(1) Spearman correlation; (2) comparison between im-
munization coverage of two sets of groups, i.e. popu-
lation in clusters 0–5 vs. 6–10; population in clusters
0–2 vs. 8–10 using relative risk (RR) with 95% confi-
dence interval (CI). Data were analysed using IBM
SPSS software v. 21.0 (IBM Corp., USA). P values
<0·05 were considered statistically significant.

As this was an analysis of data published on the Israel
MoH website, ethical approval was not required.

RESULTS

The overall nationwide vaccine coverage in the cam-
paign conducted in children aged 2 months–9 years
was 66% [17], while in Jewish subgroups coverage
was 59%, and in Arab subgroups coverage was 92%.
Differences were observed in vaccine coverage be-
tween the seven districts, where the highest coverage
was in Southern and Northern districts (over 80%)
and the lowest in Tel-Aviv district (56%) (Table 1).
The vaccine coverage rates were consistently higher
in the Arab population, across all SES strata.

Spearman correlation analysis

A negative correlation between vaccine coverage and
SES was demonstrated in the nationwide data
(rs=−0·95, P< 0·0001) (Fig. 1 and Table 2). The

Table 1. Vaccine coverage, nationwide and by district, for Jewish, Arabic, and mixed communities

Jews Arabs Mixed

District Targeted (n) Vaccinated (n) % Targeted (n) Vaccinated (n) % Targeted (n) Vaccinated (n) %

General 895 618 529 965 59·2 244 632 225 993 92·4 241 567 153 892 63·7
South 70 997 48 562 68·4 60 973 54 532 89·4
North 83 722 51 019 60·9 119 899 112 107 93·5 14 577 9900 67·9
Central 331 569 185 835 56 23 134 21 403 92·5 23 845 18 722 78·5
Haifa 63 690 37 255 58·5 38 423 36 117 94 32 383 18 908 58·4
Ashkelon 79 509 53 077 66·8 33 31 93·9
Jerusalem 75 300 47 747 63·4 2170 1803 83·1 170 762 106 362 62·3
Tel-Aviv 190 831 106 470 55·8
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trend was more obvious between SES clusters 4–8
which include more than 70% of the population (rs
=−1, P < 0·0001). According to the correlation coeffi-
cient, 91% of the coverage variance is explained by
SES. Separate analyses for nationwide correlations be-
tween SES and vaccine coverage, stratified by ethni-
city, showed that the inverse association was present
in Jewish communities (rs =−0·93, P< 0·0005), yet
absent in the Arab sector (rs= 0·33, P = 0·38) (Fig. 2
and Table 3). Again, the trend in the Jewish popula-
tion is more obvious between SES clusters 4–8
which include more than 80% of the Jewish popula-
tion (rs =−1, P < 0·0001).

The association between coverage and SES varied
in the two ethnic populations (Fig. 2). While vaccin-
ation rates were similar across all SES strata in the
Arab subgroup, in the Jewish population they were
higher in the lower SES groups. Therefore no com-
bined analysis was performed.

Receipt of vaccine in low and high SES groups by
ethnicity

Jews in lower SES clusters (0–5) were more like to
have received vaccine than Jews in higher SES clusters
(6–10) (RR 1·30, 95% CI 1·29–1·31). This difference
was accentuated when comparing the lowest SES clus-
ters (0–2) to the highest SES clusters (8–10) (RR 1·47,
95% CI 1·46–1·48). However, no significant differ-
ences were found in the Arab population for lower
and higher clusters (RR 1·02, 99% CI 1·01–1·03). In
addition, comparison of the lowest and highest SES
clusters of Arabic towns showed no difference between
clusters (RR 0·95, 95% CI 0·9–1·0) (see Table 4).

DISCUSSION

Our results demonstrate an inverse association be-
tween socioeconomic status and bOPV coverage in
the Jewish population, as lower SES groups tended to-
wards higher coverage. Given an extensive media and
publicity effort, it is unlikely that there was lack of
awareness of the vaccination campaign, especially
not in high SES groups. Moreover, there is greater ac-
cessibility to healthcare services in high socioeconomic
municipalities which rules out lack of access as a

Fig. 1. The correlation between bivalent oral polio vaccine
coverage and socioeconomic status (SES) cluster. A SES
cluster of 0 refers to dispersed Bedouin communities that
are not recognized municipalities.

Table 2. Vaccine coverage stratified by socioeconomic
status score

Total

Score Proportion (%) Targeted (n) Vaccinated (n) %

0* 1·4 19 250 16 143 83·9
1 4·1 56 767 42 163 74·3
2 10·2 140 168 127 223 90·8
3 11·1 153 127 123 750 80·8
4 18·8 259 212 171 866 66·3
5 21·7 299 522 192 564 64·3
6 11·5 158 945 91 284 57·4
7 7·2 99 391 53 506 53·8
8 12·9 178 054 82 641 46·4
9 0·9 12 977 5936 45·7
10 0·1 1779 797 44·8
Total 100 1 379 192 907 873 65·8

* A score of 0 refers to dispersed Bedouin communities that
are not recognized municipalities.

Fig. 2. The correlation between bivalent oral polio vaccine
coverage and socioeconomic status (SES) cluster stratified
by Jewish or Arabic ethnicity. Mixed Arabic and Jewish
municipalities are not included in the figure. An SES
cluster of 0 refers to dispersed Bedouin communities that
are not recognized municipalities.
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reasonable explanation for lower vaccine coverage.
Therefore, a difference in compliance is a probable ex-
planation. Unlike previous experience where ultra-
orthodox Jewish communities sometimes resist vaccin-
ation, as shown in outbreaks of measles [21], most of
them live in municipalities with low SES clusters (1–4)
[22] and vaccine coverage was higher than for average
Jewish subgroups (70% vs. 59%). The same outcome
holds true for the Arab-Bedouin population. If the
publicity message to vaccinate children did not reach
a proportion of the population, we would expect
them to be from the lower SES subgroups, as well as
socially distanced subgroups (i.e. the Bedouin or the
ultra-orthodox Jews). Yet the results point to a very
high coverage in these subgroups and the lowest
coverage rates were measured in the most media-
minded and socially attentive populations of the
high SES subgroups, mostly Jewish subgroups.

The inverse association was not present in the
Israeli Arab population, where vaccination compli-
ance was consistently higher across all SES strata.

The differences in coverage between Arabs and
Jews could be related to the dynamics of the 2013

polio event in Israel. WPV was first identified in the
sewage systems in Arab municipalities in southern
Israel and further surveillance showed higher concen-
trations of WPV-1 and higher prevalence in the Arab
towns and villages. Furthermore, poliovirus circula-
tion in this population continued for a longer period
than elsewhere in the country. Consequently, efforts
for disease prevention were primarily directed towards
this population and were strengthened both in invest-
ment of public health resources as well as the reflec-
tion of the event in the media and public opinion.

Despite existing differences in socioeconomic para-
meters between the two main ethnic groups, Arabs
and Jews, the routine childhood vaccination coverage
in both groups is similar, averaging 95% [9, 23]. Given
this high acceptance of vaccinations in all segments of
Israeli society, the <90% coverage during the polio
event, portrayed in the media as a potential public
health emergency, was surprising. It is possible that
some parents perceived bOPV for their children as un-
necessary because they were fully protected by prior
vaccination with IPV.

Several studies including a systematic review of
studies from low- and middle-income countries indi-
cated a direct correlation between low SES and low
immunization coverage [10–12]. Other studies have
shown conflicting results. A study conducted in the
United States which aimed to identify the characteris-
tics of vaccine refusers found they were more likely to
come from well-educated and higher-income areas
[13]. Another study from the United States, that differ-
entiated between under-vaccinated children and unvac-
cinated children [14], showed that under-vaccinated

Table 3. Vaccine coverage stratified by socioeconomic status score and ethnicity

Jews Arabs Mixed

Score Targeted (n) Vaccinated (n) % Targeted (n) Vaccinated (n) % Targeted (n) Vaccinated (n) %

0* 19 250 16 017 83·2
1 40 330 26 821 66·5 35 717 31 026 86·9
2 18 371 12 951 70·5 121 797 113 574 93·2
3 84 949 59 616 70·2 68 178 63 124 92·6
4 48 190 33 335 69·2 9623 8666 90·1 201 399 128 309 63·7
5 288 515 182 973 63·4 3268 2836 86·8 7739 5300 68·5
6 156 059 87 975 56·4 2886 2561 88·7
7 65 498 32 883 50·2 1543 1423 92·2 32 383 18 766 58
8 178 054 80 352 45·1
9 12 977 5875 45·3
10 1779 796 44·7

* A score of 0 refers to dispersed Bedouin communities that are not recognized municipalities.

Table 4. Likelihood of vaccination by SES clusters

SES clusters 0–5 vs. 6–10 SES clusters 0–2 vs. 8–10

Jews 1·3 (1·29–1·31) 1·47 (1·46–1·48)
Arabs 1·02 (1·01–1·03) 0·95 (0·9–1·0)

SES, Socioeconomic status.
Values presented as relative risk with 95% confidence
interval.
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children tended to be of African-American ethnicity, to
live in a single-parent home, to not have a college de-
gree, and to live in a household near poverty level.
Unvaccinated children tended to be white, to have a
mother who was married and had a college degree,
and to live in a household with high annual income.
Other specific factors, like healthcare delivery, may be
responsible for under-vaccination, especially in middle-
and low-income countries [11], whereas parental prefer-
ence is more dominant in high-income countries [13,
14]. Parental attitude towards vaccination has been
assessed in previous studies in Israel. Metzger et al.
found that mothers who opposed hepatitis B vaccin-
ation (HBV) were more likely to have higher SES
than mothers who did not oppose the vaccine [24]. In
that study, healthcare professionals were also more
likely to oppose HBV of their children. Analysis of
the motivations for parents to oppose vaccination of
their children against hepatitis B suggested that parents
who refused to vaccinate had a tendency to value indi-
vidualism/autonomy.

Studies have suggested cultural differences in will-
ingness to act with respect to individual vs. collective
interests, with Western culture tending to individual-
ism whereas Asian and African culture tended to col-
lectivism [25, 26]. In this regard, Israel represents a
middle ground where European and Asian or
African tendencies may be brought forward within
the context of one limited geographical location.
The findings concerning the difference in coverage
rates between Arab and Jewish sectors, irrespective
of SES, may point to the similar reasoning of collect-
ivism vs. individualism.

Other studies have shown that persons from higher
SES groups tend to be more individualist whereas per-
sons of lower SES tend to focus on the collective
[27, 28]. These models of social orientation have
been used to describe willingness to vaccinate and dif-
ferentiate between ‘vaccine believers’ and ‘vaccine
sceptics’ with multiple gradations between the two
extremes [29]. A study conducted by Velan et al. in
Israel investigated attitudes in the public’s response
to vaccination and found three major attitude traits:
acceptance, individualism, and differentiation [30].
These attitude traits were correlated with actual com-
pliance with vaccination programmes. Moreover, atti-
tudes differ significantly between Arabs and Jews (a
higher per cent of Arabs were acceptors whereas a
higher per cent of Jews were individualists) [30].

Divergent attitudes in the public during the bOPV
campaign could explain why some parents perceived

the bOPV as a ‘societal’ vaccine which aimed to pro-
tect the unvaccinated ‘at the expense’ of their
IPV-vaccinated children for whom the vaccine is not
necessary [31]. These parents may not be against vac-
cination generally, but they thought that their children
had little to gain and on the other hand might suffer
adverse effects from the vaccine. This may explain
why according to the survey by the Government
Advertising Bureau only 55% of parents said they
would vaccinate their children although 80% said
they believed MoH action was necessary as quoted
by Kaliner et al. [31].

There are three main categories of motivation that
may explain lack of willingness to vaccinate [32]: reli-
gious or philosophical objections to vaccination, pref-
erence for allowing the rest of the group to achieve the
desired benefit (‘free riders’) and divergent risk percep-
tion of disease and vaccine risks and benefits. The si-
lent re-introduction of the polio virus after a long
period of no transmission was a new situation for
Israeli society as well as for public health professionals
in Israel. As the children whose parents decided not
vaccinate them with bOPV were previously immu-
nized with IPV and were protected from poliomyelitis,
they cannot be classified as free riders. Since most of
them were vaccinated with IPV against polio and
thought that MoH action was justified, but not for
their own children, they cannot be classified as the
third category either. Thus, a potential fourth cat-
egory of vaccine refusal comes to mind, i.e. people
who respond negatively to the phenomenon of ‘free
riders’ might not consent to vaccination for their chil-
dren in order to protect those ‘free riders’. However,
because lower coverage of bOPV could enable on-
going poliovirus transmission in the community, reli-
ance on IPV alone might not be the appropriate
response on the national or global level, and the im-
portance of the MoH’s efforts in the larger picture
may not have been appropriately emphasized or
understood.

Our results, showing an inverse association between
SES and vaccination compliance, support such a view
of individualism in the Jewish sector of the country.
Higher SES can be viewed as a construct proxy of fac-
tors, such as education, income and social status that
may reflect individualistic tendencies. Considering
these factors as part of causative pathway for indi-
vidualism requires further research.

It is worth mentioning, that the bOPV campaign
succeeded in terminating the transmission and excret-
ing of WPV according to environmental surveillance
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despite lower coverage than in the routine immuniza-
tion schedule. Since 2014 two supplementary doses of
bOPV have been added to the immunization schedule
as long as there was a potential threat of re-
introduction of the virus in the region (e.g. Syria) [8].

The main strength of this study is its full population
basis, overcoming selection bias. The national child-
hood vaccination computerized database is linked to
the birth database and the possibility of omission is
very low. Nevertheless, this was a population ecologic-
al study, based on national vaccination coverage data,
employing geocoding (the name of the settlement) to
assign ethnicity and SES. Since our study was not a
survey, personal data for Israeli children aged <10
years, vaccination status, and SES were not available,
leading to possible misclassification. Moreover, we
were unable to determine the reasons for not vaccinat-
ing, and individual choice may have played a more
important role than SES itself. An ideal approach to
the study question, identifying individual determi-
nants of willingness to vaccinate, was precluded within
the context of a rapid vaccination campaign in a situ-
ation which was perceived by decision-makers as a na-
tional emergency.

CONCLUSION

There was an inverse correlation between SES and
compliance to bOPV in the Jewish population.
Additional findings show that the coverage of the
bOPV national vaccine campaign varied substantially
between different populations – higher in Arabs than
in Jews. Recognition of the association of vaccine
compliance with SES is important for policy-makers
while considering the optimal approach for future out-
breaks, especially possible polio events that may occur
in Western countries where considerable ethnic vari-
ability and SES disparities exist.
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