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Universal rotavirus vaccination with RotaTeq was introduced in Israel in December 2010. We examined hospitalization
rates of children under 5 years of age due to all-cause and rotavirus gastroenteritis, both before and 3 years after
universal introduction of the vaccination. An ongoing hospital-based surveillance network that was established in
November 2007, accessed information regarding hospitalization of children due to gastroenteritis (n = 6205) in 3
hospitals in northern Israel, with an annual average of about 60,000 children under 5 years of age living in the
catchment area of these hospitals. Stool samples were tested for rotavirus by immunochromatography. Compared to
the period preceding implementation of the universal rotavirus vaccination (2008-2010), hospitalizations due to
rotavirus gastroenteritis in children <5 years of age decreased significantly, by 55% (95% Cl 43%-67%) during the period
of universal vaccination (2011-2013), a decrease that was sustained throughout the 3 year period. This reduction was
greater in children aged 0-23 months (60-61%) than in toddlers aged 24-59 months (36%). A 32% (95% Cl 21%-45%)
decrease in the incidence of all-cause gastroenteritis was also observed. During the period preceding universal
vaccination, rotavirus diarrhea showed typical winter seasonality, with highest incidence in December. However, the
winter peak was substantially blunted during the period of universal immunization. Surveillance of rotavirus
gastroenteritis should continue to assess the long-term impact of such a program. Our findings are of relevance to high

and middle-income countries considering the introduction of a universal rotavirus immunization program.

Introduction

Rotavirus is a major cause of severe gastroenteritis and mortal-
ity in children less than 5 years of age.™ Globally, 453,000 chil-
dren less than 5 years are presumed to have died in 2008 due to
rotavirus gastroenteritis (RVGE),* most of them in developing
countries. In industrialized countries RVGE causes substantial
societal and high health care costs."™

In 2006, 2 oral live attenuated rotavirus vaccines, pentavalent
RotaTeq (Merck)? and monovalent Rotarix (GSK)'® became
available. Clinical trials and post-marketing studies demonstrated
high efficacy (81%-100%) of both vaccines in preventing severe
RVGE in infants in developed countries,”'” and significant
reduction in RVGE disease burden in settings that introduced
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Though the World Health Organization recommends routine
rotavirus vaccination for infants worldwide, rotavirus immuniza-
tion has been introduced into childhood immunization programs
in only a limited number of countries.">!” Among the barriers to
universal rotavirus immunization is skepticism regarding the
need and potential benefit of rotavirus immunization in reducing
RVGE disease burden, vaccine safety concerns, and cost issues.
Therefore, studies appraising the impact of universal rotavirus
immunization on disease burden are important for informed
decisions regarding vaccine introduction.'®

In Israel, rotavirus was the most common pathogen detected
(39%) in children less than 5 years of age hospitalized for acute
gastroenteritis (AGE) causing a significant disease burden.'® Rota-
Teq was licensed in Israel in mid-2007 and Rotarix in January
2008. Both vaccines became available at the primary clinics of the
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Health Maintenance Organizations (HMOs). Parents who wished
to vaccinate their child purchased the vaccine for a cost of about
$US 100, with partial reimbursement through supplementary
health insurance. During this period rotavirus vaccination showed
good effectiveness (89%) in preventing infant hospitalization for
RVGE." However, it was only in December 2010 that RotaTeq
was added to the national immunization program for infants; i.e.
the program was funded by the Ministry of Health. RotaTeq has
since been offered at no cost to the parents, via maternal and child
health clinics throughout the country, similar to other vaccines in
the program. RotaTeq is given in 3 doses, at age 2, 4 and 6
months, with 8 months being the upper age limit for administer-
ing the vaccine. National three-dose vaccine coverage is estimated
to be 80% (Dr. Emilia Anis, Ministry of Health, personal com-
munication). In this study, the changes in hospitalization rates
due to RVGE and to all-cause gastroenteritis in children less than
5 years of age following the introduction of RotaTeq into the
national immunization program were examined.

Results

During the study period, from November 2007 to July 2014,
6205 children less than 5 years of age (mean 17.8 (SD 13.9)
months) were hospitalized with AGE, 53.8% were males. The
rotavirus test was performed in 3514 (56.6%) of the episodes, of
which 1137 (32.4%) were positive for rotavirus (Table 1). There
was no significant difference in the percentage of rotavirus posi-
tive tests between Jewish and Arab children in both the pre and
post universal rotavirus vaccination periods. Overall rotavirus
was detected in 34.5% vs 33.1% among Jews and Arabs, respec-
tively (Pv = 0.47); the respective percentages in the pre-universal
vaccination period were 41.6% vs 41.2% (Pv = 0.89), and in the
universal vaccination period 22.7% vs 21.6% (Pv = 0.70).

During the period prior to universal vaccination (November
2007 through December 2010), RVGE hospitalization demon-
strated winter seasonality (Figs. 1 and 2), with an increase start-
ing around November and peaking in December. The RVGE
winter peak decreased with the introduction of universal immu-
nization, and became substantially blunted compared to the
period preceding universal vaccination (Fig. 1). Such changes
were not observed in hospitalizations for non-RVGE (Fig. 1).
The winter RVGE peak was delayed by about 4 weeks during the
universal rotavirus immunization period, occurring in January
(Fig. 2). Weekly variation and seasonality were statistically signif-
icant (P<0.001), both before and after the introduction of the
universal rotavirus vaccination. However, the average weekly
number of RVGE hospitalizations decreased from 4.3 in the
period preceding universal vaccination to 1.9 in the universal
immunization period. The component of seasonal variation was
reduced (63.1% vs. 48.7%) and that of non-seasonal (26.2% vs
35.0%) and random variation (10.7% vs 16.3%) increased fol-
lowing implementation of universal immunization.

The average number of all-cause gastroenteritis hospitaliza-
tions decreased by 28%, from 1085 in the period preceding uni-
versal vaccination (2008-2010) to 782 in the period of universal
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Table 1. Characteristics of children less than 5 years of age hospitalized for
acute gastroenteritis, northern Israel 2007-2014

N (total 6205) Percent
Hospital
Carmel 1262 20.3
Hillel Yaffe 2406 38.8
Laniado 2537 40.9
Sex
Males 3336 53.8
Females 2837 457
Missing 32 0.5
Age
0-11 months 2478 39.9
12-23 months 2023 326
24-59 months 1638 26.4
Missing 66 1.1
Year
2007 (Nov-Dec) 313 5.0
2008 1223 19.7
2009 753 121
2010 1279 20.6
2011 697 11.2
2012 839 135
2013 810 131
2014 (Jan-July) 263 4.2
Missing 28 0.5
Rotavirus test
Tested 3514 56.6
Not-tested 2691 434
Rotavirus result
Positive 1137 324
Negative 2377 67.6

immunization (2011-2013), corresponding to a 32% decrease in
the incidence rate of all-cause gastroenteritis hospitalization in
children aged 0-59 months. The average annual rate of hospitali-
zation due to RVGE decreased by 55%, from 5.7 to 2.6 per
1000 (Table 2). Extrapolating these data to the entire pediatric
population in Israel yielded an average reduction of 3613 hospi-
talizations for all-cause gastroenteritis and of 2215 hospitaliza-
tions for RVGE of children aged 0-59 months. The decline in
RVGE hospitalization was more pronounced for infants (61%)
and children aged 12-23 months (60%), than for those aged
24-59 months (36%) (Table 3).

Compared to the period preceding universal vaccination, the
incidence of RVGE hospitalization of children under 5 years of
age showed a significant decreasing trend (Fig. 3) (Cochrane-
Armitage test for linear trend chi-square =82.9 (DF = 1), P <
0.001). This reduction was consistent and significant (P<0.001)
in each of the 3 years of the universal vaccination period; the
respective incidence ratios of RVGE hospitalization were 0.49,
0.37 and 0.49 for 2011, 2012 and 2013, compared to the average
2008-2010 incidence rates.

Discussion

In this 6-year prospective study, we evaluated the impact of a
universal rotavirus vaccination program using RotaTeq, on
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Figure 1. Weekly detection of rotavirus among hospitalized children with gastroenteritis, northern Israel, November 2007 - July 2014* * N = 6205
hospitalizations for acute gastroenteritis. Numbers of weekly rotavirus positive and negative samples were determined by weighted analysis.

RVGE incidence and on all-cause AGE hospitalization of chil-
dren under 5 years of age in Israel.

Rotavirus vaccines became available in Israel in late 2007, and
beginning of 2008, but only in December 2010 was
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Figure 2. Analysis of seasonality: number of weekly rotavirus gastroen-
teritis hospitalizations in children less than 5 years of age in (A) the
period preceding universal rotavirus immunization (2008-2010), and (B)
the period of universal vaccination period (2011-2013)* *Seasonality
was analyzed using the observed weekly counts of RVGE cases in chil-
dren less than 5 years of age. Each period included data for 3 years and
156 weeks.
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immunization with RotaTeq included in the national immuniza-
tion program. We previously showed good effectiveness of rotavi-
rus vaccines administered privately, before initiation of the
universal vaccination program.'” Herein we demonstrated a
rapid, significant and sustained reduction in the rate of RVGE
hospitalizations among children less than 5 years of age, 3 years
after the introduction of a universal rotavirus immunization pro-
gram in Israel. The overall decline in the rate of RVGE hospital-
izations was 55% and in the number of all-cause gastroenteritis
hospitalizations, 28%.

The rate of RVGE hospitalization in children under 5 years
of age declined linearly between the pre-universal rotavirus
immunization period (2008-2010) and the 3 subsequent years
following the introduction of RotaTeq to the national immuni-
zation program. This reduction was already apparent during the
2011-2012 rotavirus season and was sustained throughout the
3-year period of universal vaccination that was analyzed. This
trend is likely attributed to the high effectiveness of the rotavi-
rus vaccine'” coupled with prompt uptake of the vaccine. The
coverage of 3 doses of RotaTeq had already reached 80% by
2011, and has remained stable thereafter (Dr. Emilia Anis, per-
sonal communication, Ministry of Health). Notably, rotavirus
vaccine uptake reached 50% in some sub-populations in Israel
before introduction of the universal vaccination, *° possibly con-
tributing, in part, to the rapid reduction in rotavirus disease
burden.
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Table 2. Estimated burden of hospitalizations due to all-cause AGE and RVGE among children aged 0-59 months in 2008-2013

Estimated annual

Estimated annual

incidence rate Estimated no. Estimated no.

incidence rate of of RVGE of AGE of RVGE
No. AGE Population  AGE hospitalizations No. rotavirus hospitalizations hospitalizations, hospitalizations

Year/period hospitalizations size” (per 1000, 95% Cl) positive’  (per 1000, 95% Cl) Israel* Israel*
2008 1223 61990 19.7 (18.6-20.8) 377 6.1 (5.5-6.7) 14663 4520
2009 753 63565 11.8 (11.0-12.7) 187 29(2.5-33) 8928 2217
2010 1279 65170 19.6 (18.5-20.7) 529 8.1 (7.4-8.8) 15184 6280
2011 697 66775 104 (9.6-11.2) 188 2.8 (2.4-3.2) 8300 2239
2012 839 67590 124 (11.6-13.3) 142 2.1(1.8-2.5) 10119 1713
2013 810 68365 11.8 (11.0-12.6) 195 29(2.5-33) 9874 2377
Annual average in 1085 63575 17.1 (16.1-18.1) 364 5.7 (5.1-6.3) 12917 4324

the period

preceding

universal

vaccination:

2008-2010
Annual average in 782 67552 11.6 (10.8-12.4) 175 2.6 (2.2-3.0) 9304 2110

the period of

universal

vaccination :

2011-2013
Absolute reduction 303 3977 growth 5.5 (4.2-6.8) 189 3.1 (24-3.8) 3613 (505 - 5884) " 2215 (1139 - 3353)"

between the 2

periods (95% Cl)
Percent reduction 28% 6.3% growth 32% (25%-40%) 52% 55% (43%-67%)  28% (5% - 40%)"  51% (39% — 59%)""

between the 2 ]
periods (95% CI)°

*Assuming that 80%, 25% and 65% of the pediatric populations of Hadera, Haifa and Hasharon sub-districts receive hospitalization services in Hillel Yaffe,

Carmel and Laniado hospitals, respectively.

fEstimated by weighted analysis using the inverse of sampling fraction with weights attributed separately to each age group (0-11, 12-23 and 24-59

months), each month and each year of hospitalization.

iBy extrapolating the regional incidence estimates to the entire Israeli pediatric population aged 0-59 months.
SCalculated as follows: [(Annual average in period 1 - annual average in period 2) / annual average in period 11*100.
Where period 1 is the period preceding vaccination; and period 2 is the period of universal vaccination.

The 95% confidence intervals are presented in parenthesis.

*The 5™ and 95™ percentiles, produced by Montecarlo simulation with 100000 runs, are presented in parenthesis.
AGE: acute gastroenteritis, Cl: confidence intervals, RVGE: rotavirus gastroenteritis.

The decline in the rate of RVGE hospitalization was greater in
children aged 0-23 months (60%-61%) who were vaccinated
predominantly in the framework of the universal vaccination
program, than among toddlers aged 24-59 months (37%). The
modest reduction in the latter group might be attributable to par-
tial vaccination, herd protection or both. The observed overall
and age-dependent decline in RVGE hospitalizations and all-
cause AGE concur with previous reports.'>*'?? A recently pub-
lished study from the Southern of Tsrael > has estimated a decline
of 82%, 70% and 36% in RVGE hospitalization rates in Jewish
children aged 0-11, 12-23 and 24-59 months respectively, while
the respective decrease was estimated at 70%, 21% and 14%
among Bedouin children.”> We found no significant difference
in the detection of rotavirus between Jewish and Arab children
either before or after the introduction of universal rotavirus
vaccines.

12,1 . .
3 we showed that universal rotavi-

Similar to earlier studies
rus immunization was followed by blunting and delaying of
winter peaks of RVGE. Therefore, in settings with known

and typical rotavirus seasonality, especially in high income
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countries,>* blunted peaks in all-cause gastroenteritis might be
used as a proxy for monitoring short-term impact of introducing
rotavirus immunization. This should be done with caution since
it may take a few years until the seasonal pattern stabilizes follow-
ing introduction of universal vaccination. 2

Our study has some limitations. During the period preceding
universal vaccination, there was partial vaccination with rotavirus
vaccines, i.e., parents who wanted to vaccinate their children pur-
chased the vaccine through their HMO. Therefore, in the absence
of a “no vaccination period,” our study may have underestimated
the true impact of the universal rotavirus immunization program.
Given partial rotavirus vaccination in 2008-2010 in Israel, we
cannot determine whether reduction of RVGE incidence in tod-
dlers aged 24-59 months is due to herd protection or to partial
vaccination or both. Furthermore, stool samples were tested for
rotavirus in 57% of patients, despite offers made to increase rota-
virus testing. To overcome the possibility of over-representing
rotavirus positive patients we performed the weighted analysis, in
which weights were given for different 243 age-month-and year
strata. This conservative approach might have resulted in
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Figure 3. Appraisal of trends in the incidence of rotavirus gastroenteritis
hospitalizations in children less than 5 years of age in the period preced-
ing universal rotavirus immunization (2008-2010), and the period of uni-
versal vaccination (2011-2013)* * The black circles represent the
incidence (per 1000) of rotavirus gastroenteritis hospitalizations in chil-
dren less than 5 years; the red line represents the trend line, while the
light blue line represents the smoothed curve.

underestimating rotavirus illness, in both the pre-universal and
universal rotavirus immunization periods. Beyond age and time,
which were treated in the weighted analysis, were explored the rea-
sons for not testing rotavirus; the physicians indicated discharge of
the child before a fecal sample was obtained, and logistic difficul-
ties in obtaining stool (too watery, older kids) as the main reasons.

The study has a number of strengths: first, it is a 6-year
prospective study, which used identical methods for assessing
the period preceding universal rotavirus vaccination as for the
period of universal vaccination. This enables direct compari-
son of data. Secondly, each study period, before and after the
introduction of rotavirus vaccines, included 3 calendar years,
thus enabling attainment of robust estimates of incidence and
accounting for year-to-year variation. Lastly, the study popula-
tion included good representativeness of the various sub-popu-
lation groups in Israel: Jews, including ultraorthodox Jews,
and Arabs (including Muslims, Christians and Druze) which
may display a variation in the incidence of enteric and diar-
rheal diseases. Our results however may not be applicable to
the Bedouin population in the Southern of Israel, which
exhibit a lower socioeconomic status and disadvantageous fea-
tures. However, this population group comprises a small
(~10%) percentage of the Israeli Arabs, and even a smaller
percent (2-3%) of the Israeli population. Findings comparing
the impact of rotavirus vaccination between Bedouins and
Jews residents of the southern region of Israel have been
recently published.*

In summary, our findings show a significant, rapid and sus-
tained reduction in the rate of RVGE hospitalization in children
under 5 years of age in Israel, during the 3-year period following
introduction of universal rotavirus vaccination. Our findings fur-
ther support existing evidence on the potential of rotavirus vacci-
nation to reduce disease burden and health care costs, and are
relevant to countries considering adding rotavirus immunization
to their national immunization program. These findings might
be applicable to high and middle-income countries. Continued
surveillance is needed to monitor the long-term impact of univer-
sal rotavirus immunization.
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Materials and Methods

Study population and design

The study targeted children less than 5 years of age in north-
ern Israel. Israel is classified as a high-income country according
to the World Band and is a member of the OCED countries.
Opverall, the characteristics of the population in the study region
are similar to those of general Isracli population. The Israeli
population displays a high-income country profile, and it com-
prises 2 main ethnic groups: the Jewish population (80%) and
the Arab population (20%). The Arab population has been
undergoing a positive transition over the past few decades with
improving educational levels and health indicators, but it is still
of lower socioeconomic level than the Jewish population. It is
already few decades since the Arab villages and towns in Israel
became connected to the national piped water system and
national electricity company. Connection to the internet and
cable television is also available in these towns, similar to the
rest of the country. The Bedouins (Muslims) sub-population in
the South of Israel which comprise a small minority (~10%)
within the Israeli Arab population, is an exception with special
characteristics, and about 50% of the Bedouins in the Negev
live in unrecognized villages, that lack water and sanitation
infrastructure. Bedouins constitute a small percent of the total
Israeli population (2-3%) and were not represented in our
study.

With regard to access to care, all Israeli citizens, including
Israeli Arabs and Bedouins, have access to medical care, which is
similar across sub-populations and regions in Israel, according to
the universal national health insurance law, implemented since
1995, and everyone is a member of one of 4 HMOs. Both outpa-
tient and inpatient health services are covered under the health
insurance law. Immunization of infants with vaccines included in
the national immunization program is primarily performed at
maternal and child health clinics and during elementary school
regardless of health insurance. Most of these clinics are operated
by the Ministry of Health.

An ongoing hospital-based surveillance study was initiated on
November 2007. The study targeted children residing in the
catchment area of 3 hospitals: Hillel Yaffe in Hadera, Carmel in
Haifa, and Laniado in Netanya.'®'? Tt is estimated that 80%-
90% of the Hadera health sub-district, 25% of the Haifa health
sub-district and 60%~-70% of the HaSharon health sub-district
receive hospitalization services in these respective hospitals, with
an average annual total of ~60,000 children under 5 years of age
during the study period 2007-2014. The population served by
the study hospitals includes good representativeness of the vari-
ous sub-population groups in Israel which may display variation
in the incidence of enteric and diarrheal disease: Jews (~60%),
including ultraorthodox Jews (served mainly by Laniado Medical
Center), and Arabs (~40%) including Muslims, Christians and
Druze.

The sampling frame consisted of children <5 years of age
hospitalized in one of the study hospitals during the study period,
with diarrhea (>3 watery stools/24 hours). Throughout the year,
demographic and clinical information, and the history of
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rotavirus immunization and laboratory results were collected
from medical records, and parental interviews conducted using
standardized questionnaires. Data presented in this study are on
hospitalization that occurred during the study period from
November 2007 through July 2014.

Collection of stool samples and rotavirus testing

A stool sample was collected from patients who met the inclu-
sion criteria, within the first 48 hours of hospital admission.
Stool specimens were kept at 2-8 °C and tested within 12 hours
for the presence of rotavirus antigen in the stool, at the hospitals’
laboratories by immunochromatography (Rotavirus Dipsticks,
Hylabs Rehovot & Novamed, Jerusalem, Israel).

The study protocol was approved by the Institutional Review
Boards of all participating hospitals and by the Ministry of
Health.

Statistical methods

The average annual rates (per 1000) and 95% confidence
intervals (Cls) of all-cause gastroenteritis and RVGE hospitaliza-
tions were calculated by year and period; for the period preceding
introduction of the universal rotavirus vaccination (2008—2010)
and for the period of universal vaccination (2011-2013). We
aimed at collecting stool samples from all eligible AGE patients,
however the rotavirus test was performed in 3514 (56.6%) of the
hospitalized children. The rate of rotavirus testing decreased with
age, from 69% of infants aged 0-11 months to 56.1% and
38.5% in toddlers aged 12-23 and 24-59 months, respectively
(Pv < 0.001). The percentages of testing for rotavirus also varied
significantly by year, and by month, with the highest testing per-
centage in winter, December- January (61.5%-67.4%), the typi-
cal rotavirus season; the lowest testing percentage was during the
summer, June to August (41.1%-49.2%). Given these differen-
ces, and to handle the possibility that of over-representing rotavi-
rus positive patients, a weighted analysis technique was applied.
The weight was defined as the inverse of the rotavirus testing frac-
tion (equivalent to sampling fraction), in each of the 243 age
group-year-month strata.
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