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ABSTRACT
We present an overview of the impact of universal rotavirus immunization with the pentavalent vaccine,
RotaTeq, which was introduced in Israel in 2010.

The vaccine is given free of charge at age 2, 4 and 6 months, with an 80% coverage that was shortly
achieved during the universal immunization period. Compared to pre-universal immunization years
(2008–2010), a reduction of 66–68% in the incidence of rotavirus gastroenteritis (RVGE) hospitalizations
was observed in 2011–2015 among children aged 0–23 months in central and northern Israel. In southern
Israel a reduction of 80–88% in RVGE hospital visit rate was found among Jewish children aged 0–
23 months in 2011–2013. Among Bedouins, the respective decline was 62–75%. A significant reduction of
59% was also observed in RVGE clinic visits, presumably representing less severe illness. Indirect benefit
was evident in children aged 24–59 months who were ineligible for universal immunization. Vaccine
effectiveness against RVGE hospitalization was estimated at 86% in children aged 6–23 months. Changes
in the circulating rotavirus genotypes occurred but the contribution of vaccine induced immune pressure
is unclear.

Universal rotavirus immunization was followed by an impressive decrease in the burden of RVGE in
young children in Israel, likely attributed to good vaccine coverage and effectiveness.
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Rotavirus diarrhea and rotavirus vaccines

Rotavirus is a main cause of severe diarrhea in young chil-
dren,1,2 and a leading cause of diarrhea deaths among children
under 5 y of age in developing countries.3

Two rotavirus vaccines; a pentavalent vaccine (RotaReq
Merck and Co. Inc.)4 and a monovalent vaccine (Rotarix, Glas-
koSmithKline Biologicals)5 became available in 2006. Both are
attenuated and orally administrated vaccines.4,5 RotaTeq covers
G1, G2, G3, G4 and P[8] genotypes,4 while Rotarix includes
only the G1P[8] strain.5 RotaTeq is given in 3 doses and
Rotarix in 2 doses. The recommended ages for immunization
are 2, 4 and 6 months for RotaTeq,4 and 2 and 4 months for
Rotarix.5 These vaccines were proven to be highly efficacious
(85–98% protective efficacy) in preventing severe rotavirus gas-
troenteritis (RVGE) in clinical trials conducted in Europe and
Americas,4,5 while a lower vaccine efficacy was documented in
developing countries.6 In 2013, the World Health Organization
recommended adding rotavirus vaccines into national immuni-
zation programs (NIPs) worldwide.7 This article provides an
overview of the epidemiology of RVGE before and after the
introduction of universal rotavirus immunization in Israel.

Diarrheal diseases in Israel

Israel is a high-income country, with advanced water supply
and sanitation infrastructure. The introduction of mandatory

chlorination of drinking water by the end of 1980s was followed
by significant reduction in waterborne epidemics of diarrheal
diseases.8 Nonetheless enteric infections remain endemic in
Israel with sub-populations being at high risk, such as the ultra-
orthodox Jewish population and the Bedouins, an Arab Muslim
sub-group, residing in the south of Israel.9-11 Both populations
are generally of low socioeconomic status with high poverty
rates. The ultraorthodox Jewish population is characterized by
high fertility rates, high number of young children and high
household crowding conditions. 12 Periodic outbreaks of S. son-
nei shigellosis are frequent in ultraorthodox communities.9 Fer-
tility rates are also high in the Bedouin population, this in
addition to sub-optimal environmental living conditions, as
about half of the Bedouins live in unrecognized villages without
connection to electricity and piped water supply.13 Bedouins
comprise about 4% of the Israeli population, and »13% of the
Arabs living in Israel. Compared to Jews living in the south of
Israel, Bedouins have a higher incidence rates of hospitaliza-
tions and emergency department visits for diarrheal
diseases.10,14

Access to care

All Israeli citizens, including Arabs and Jews, are entitled to health
insurance according to a National Health Insurance Law imple-
mented since 1995.15 This insurance covers outpatient and
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inpatient health services, with good access to care. Immunization
with vaccines included in the NIP is free of charge and is done
through maternal and child health clinics, mostly run by the Min-
istry of Health. These clinics are spread across the country. Immu-
nization coverage exceeds 90% for most vaccines, and it is usually
higher among the Arab population than the Jewish population.

Epidemiology of rotavirus gastroenteritis in the pre-
universal period

Limited outdated evidence was available on the burden of
RVGE in Israel16-18 when rotavirus vaccine became available.
This has stimulated the establishment of 2 independent pro-
spective studies aiming at providing an up-to-date assessment
on the burden of RVGE in young children.19,20 Our study was
conducted in 3 hospitals; Carmel in Haifa, Hillel Yaffe in
Hadera and Laniado in Netanya19 (Fig. 1). The number of chil-
dren under 5 y of age receiving hospitalization services by these
hospitals was estimated at 60,000–68,000, including Jews

(general and orthodox sub-groups) and Arabs (Muslims, Chris-
tians and Druze). The other study was led by Prof. Ron Dagan
in the southern region and was conducted at Soroka hospital in
Beer Sheva, serving annually »70,000 Jewish and Bedouin chil-
dren under 5 y of age20 (Fig. 1).

In one year of surveillance (2007–2008), we found that rota-
virus was detected in 39% of all gastroenteritis hospitalizations
of children under 5 y of age.19 The estimated incidence rate of
hospitalization for RVGE was 5.7 per 1,000/year resulting in an
estimate of 4,099 hospitalizations per year nationally, which
represent approximately 6% of all annual hospitalizations in
this age group.19 In infections with one rotavirus genotype,
G1P[8] was the most commonly detected (49.1%), followed by
G1P[4] (11.1%) and G9P[8] (9.3%). Mixed rotavirus isolates
were identified in 28.9% of the children.19 Hospitalizations for
RVGE resulted in substantial economic burden caused to the
health care system as well as to the families.19 Collectively these
findings and those obtained by Dagan et al. as well as cost-
effectiveness analysis19-21 were essential in decision making

Figure 1. Map of Israel, red circles show the location of cities in which the 2 prospective rotavirus studies were conducted.
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regarding the introduction universal rotavirus immunization in
Israel.

Rotavirus immunization

Rotavirus vaccines were licensed in Israel in 2007 and became
available through the Health Maintenance Organizations
(HMOs). Parents who were interested in vaccinating their child
could purchase a rotavirus vaccine for »US$ 100 with partial
refunding if they had a complementary health insurance. Dur-
ing this transitional period, both Rotarix and RotaTeq were
used. In Maccabi Health Services (MHS), the second largest
HMO in Israel covering »25% of the population (2 million
people), Rotarix was mostly used with vaccine uptake reaching
50% of infants (based on purchasing records).22

In December 2010 RotaTeq was added to the NIP, and since
then RotaTeq is the sole rotavirus vaccine used in Israel given
free of charge. Overall rotavirus immunization was well
accepted by Israeli parents as reflected by rapid uptake and
good coverage attained shortly following the introduction of
universal rotavirus immunization with »80% national coverage
for 3 RotaTeq doses (Dr. Emilia Anis, personal communica-
tion). Given the low risk for developing intussusception follow-
ing rotavirus immunization, age 8 months around which
intussusception naturally peaks23 was determined as upper
limit for administration rotavirus vaccine. Therefore in view of
limited opportunity for catch-up immunization, rotavirus vac-
cine coverage is stratifying. For comparison, a coverage of 72%
was reported in the United States in 2014,24 and more than
95% in Finland.25

Impact of universal rotavirus immunization

Changes in the incidence of RVGE hospitalizations
The introduction of universal rotavirus immunization in Israel
was followed by rapid and significant reductions in all-cause

gastroenteritis and RVGE hospitalizations and clinic visits in
young children.20,26-28 Compared to the period preceding
implementation of the universal rotavirus vaccination (2008–
2010), we showed a reduction of 55% (95% CI 43–67%) in the
incidence of RVGE hospitalizations during the period of uni-
versal vaccination (2011–2013) in children aged less than 5 y.26

This reduction was of greater magnitude in children aged 0–
23 months (60–61%) than in children 24–59 months of age
(36%), who were ineligible for rotavirus universal immuniza-
tion.26 The study from southern Israel showed a reduction of
80% and 88% in RVGE hospital visit rates (both hospitaliza-
tions and emergency department visits) among Jewish children
aged <12 and 12–23 months, respectively during the first 2 y of
universal immunization (2011–2013) compared with a pre uni-
versal vaccination period.20 Among Bedouin children, the
respective declines were 62% and 75%.20 Additionally a reduc-
tion of 46% in RVGE hospital visits was observed in Jewish
children aged 24–59, but not in Bedouin children.20 These
promising early evaluations were strengthened by an updated
assessment27 that showed a decline in the incidence of RVGE
hospitalization of 61% (95% CI 49–73%), from 5.6 per 1000
(95% CI 5.0–6.2) in the pre-universal rotavirus immunization
period to 2.2 per 1000 (95% CI 1.8–2.5) during the universal
immunization period among children less than 5 y of age.27

The estimated respective decrease for children aged 0–11 and
12–23 months was 68% and 66%, and 41% for children aged
24–59 months (Muhsen and Cohen, unpublished). The inci-
dence rates of RVGE hospitalizations by age group between
2008 and 2015 are presented in Fig. 2. These findings suggest
sustained benefit of universal rotavirus immunization. The
long-term sustainability of such changes should be monitored.

Changes in the incidence of RVGE clinic visits
Although rotavirus vaccines were designed to prevent severe
RVGE, their impact on mild and moderate illness is important
from a public health perspective. Utilizing a large computerized

Figure 2. The estimated incidence of rotavirus gastroenteritis hospitalizations by age group, 2008–2015, based on surveillance in 3 hospitals in Haifa and Sharon districts.
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database of MHS HMO (N D 302,445), we have shown that
universal rotavirus immunization in Israel was followed by a
significant reduction of 59% in the incidence rate of clinic visits
for RVGE in community setting, presumably representing cases
of mild-to-moderate severity, among children less than 5 y of
age.28 The decrease was estimated at 79%, 59% and 38% in the
age groups 0–11, 12–23 and 24–59 months, respectively.28

Children aged 24–59 months in the mentioned above stud-
ies.20,26-28 belonged to birth cohorts who were ineligible for uni-
versal rotavirus immunization. Therefore, the declines in the
incidence of RVGE in this age group might be explained by
herd immunity, partial utilization of rotavirus vaccines through
HMOs, or both.

Changes in the incidence of all-cause gastroenteritis
hospitalizations
Substantial reductions (30–40%) in the incidence rates of all-
cause gastroenteritis hospitalizations of young children were
documented following the introduction of universal rotavirus
immunization in Israel20,26,27 (Table 1). The pattern of these
change followed that of incidence rate of RVGE hospitaliza-
tion.27 Given that no changes were observed in the detection of
bacterial pathogens between the periods before and after uni-
versal rotavirus immunization,27 most likely the reduction in
the incidence of all-cause gastroenteritis is attributed to univer-
sal rotavirus immunization in Israel.

Effectiveness of rotavirus vaccines
The observed impressive reductions in the burden of RVGE is
likely due to both good vaccine coverage and vaccine effective-
ness of rotavirus vaccines. During the transitional period
(2007–2010) in which rotavirus vaccines were available through

the HMOs, a test-negative case-control study vaccine demon-
strated vaccine effectiveness of 89% in preventing hospitaliza-
tion for RVGE.29 Another study using the same design
performed during the universal immunization period has
showed an effectiveness of 64% for 3 doses of RotaTeq in pre-
venting emergency department visits or hospitalization for
RVGE, and a higher effectiveness of 78% was found for G1P[8]
infections.30 In that study Bedouin children comprised 70% of
the patients, and 30% were Jewish children.30 In our study
conducted in northern Israel (60% Jewish children and 40%
Arabs) during 2011–2015, we found an 86% effectiveness for
immunization with 3 doses of RotaTeq, in preventing RVGE
hospitalization in children aged 6–23 months (Muhsen &
Cohen, unpublished).

Changes in RVGE seasonality

During the period preceding universal vaccination, rotavirus
diarrhea showed typical winter seasonality, with peak incidence
observed mostly in December–January.19 During the universal
rotavirus immunization period, rotavirus winter peaks were sub-
stantially blunted compared with the pre-universal immunization
period.20,26-28 Such changes could be used as an early signal to
assess the impact of universal rotavirus immunization programs.

Rotavirus genotypes

An important question is whether rotavirus immunization
might induce immune pressure on the circulating rotavirus
genotypes. Addressing this question we found that the most
prevalent rotavirus genotype in the pre-universal immunization
period was G1P[8] (35.3%), followed by G2P[4] (15.5%), G3P

Table 1. Reduction in the incidence rates of all-cause and rotavirus gastroenteritis after the introduction of universal rotavirus immunization in Israel.

Study
Pre-universal

vaccination period
Post-universal

vaccination period Outcome
Reduction in RVGE
incidence rate

Reduction in all-cause
gastroenteritis incidence rate

Age 0–59 months
Muhsen et al.26 2008–2010 2011–2013 Hospitalization 55% 32%
Muhsen et al.27 2008–2010 2011–2015 Hospitalization 61% 34%
Givon-Lavi et al.20 2006–2008 2011–2013 Hospitalization and emergency

department visits
Jewish children 80%
Bedouin children 61%

Jewish children 44%
Bedouin children 19%

Muhsen et al.28 2005–2010 2011–2013 Clinic Visits 59% 14%
Age 0–11 months
Muhsen et al.26 2008–2010 2011–2013 Hospitalization 61% 27%
Muhsen & Cohen

(unpublished)
2008–2010 2011–2015 Hospitalization 67% 27%

Givon-Lavi et al.20 2006–2008 2011–2013 Hospitalization and emergency
department visits

Jewish children 80%
Bedouin children 62%

Jewish children 45%
Bedouin children 23%

Muhsen et al.28 2005–2010 2011–2013 Clinic Visits 79% 19%
Age 12–23 months
Muhsen et al.26 2008–2010 2011–2013 Hospitalization 60% 38%
Muhsen & Cohen

(unpublished)
2008–2010 2011–2015 Hospitalization 66% 43%

Givon-Lavi et al.20 2006–2008 2011–2013 Hospitalization and emergency
department visits

Jewish children 88%
Bedouin children 75%

Jewish children 54%
Bedouin children 32%

Muhsen et al.28 2005–2010 2011–2013 Clinic Visits 59% 16%
Age 24–59 months
Muhsen et al.26 2008–2010 2011–2013 Hospitalization 31% 37%
Muhsen & Cohen

(unpublished)
2008–2010 2011–2015 Hospitalization 41% 32%

Givon-Lavi et al.20 2007–2010 2011–2013 Hospitalization and emergency
department visits

Jewish children 46% Jewish children 30%

Muhsen et al.28 2005–2010 2011–2013 Clinic Visits 38% 8%

HUMAN VACCINES & IMMUNOTHERAPEUTICS 1725



[8] (8.8%), G4P[8] (4.3%) and G9P[8] (4.3%), additional geno-
types were less common. During the universal vaccination
period, G1P[8] remained the most common genotype (48.9%),
followed by G3P[8] (21.5%), G9P[8] (15.9%), G12P[8] (4.7%),
and G2P[4] (2.8%). Similar changes in rotavirus genotypes
were evident in regions using RotaTeq in NIP,31,32 Mixed rota-
virus infections that were prevalent during the pre-universal
immunization period.19,27 were not evident the universal
immunization period.27 Currently it is not fully clear whether
such changes in the circulating rotavirus genotypes are due to
vaccine-induced selective pressure, or simply due to natural
fluctuations in the circulating genotypes, or both.

Conclusions and recommendations

The introduction of universal rotavirus immunization was fol-
lowed by rapid and significant reductions in the incidence of
hospitalizations and clinic visits for RVGE in young children in
Israel. These declines are likely attributed to good vaccine cov-
erage and effectiveness. Indirect benefit of universal rotavirus
immunization was evident in children aged 24–59 months
belonging to birth cohorts who were not eligible for universal
immunization.

Changes in the circulating rotavirus genotypes were
recorded in the universal rotavirus immunization period com-
pared with the preceding period.

Long-term surveillance of RVGE incidence and monitoring
of vaccine coverage are warranted to assess the sustainability of
reductions in the burden of RVGE. Rotavirus strain surveil-
lance should be maintained to better understand the occurrence
of vaccine-induced selective pressure changes in the circulating
genotypes.

So far, information on rotavirus disease burden and vaccine
impact were obtained by regional studies; a coordinated
national network should be established.
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