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Background: Rotavirus infection remains an important cause of morbidity and mortality in children. The
introduction of vaccination programs in more than 100 countries has contributed to a decrease in hospi-
talizations and mortality. This study investigates the epidemiological impact of the rotavirus vaccine
ROTAVAC� in the Palestinian Territories, the first country to switch from ROTARIX� to this new vaccine.
Methods: Clinical surveillance data was collected from children younger than 5 attending outpatient clin-
ics throughout Gaza with diarrhea between 2015 and 2020. The incidence of all-cause diarrhea was
assessed using an interrupted time-series approach.
Rotavirus prevalence was determined at the Caritas Baby Hospital in the West Bank using ELISA on

stool specimen of children younger than 5 with diarrhea. Genotyping was performed on 325 randomly
selected rotavirus-positive samples from January 2015 through December 2020 using multiplex PCR
analysis.
Results: Average monthly diarrhea cases dropped by 16.7% annually from introduction of rotavirus vacci-
nation in May 2016 to the beginning of the SARS-CoV-2 epidemic in March 2020 for a total of 53%. Case
count declines were maintained after the switch to ROTAVAC� in October 2018. Rotavirus positivity in
stool samples declined by 67.1% over the same period without change following the switch to ROTAVAC�.
The distribution of predominant genotypes in rotavirus-positive stool samples changed from a pre-

vaccination G1P [8] to G9P[8] and G12P[8] during the ROTARIX� period and G2P[4] after the introduction
of ROTAVAC�.
Conclusion: ROTAVAC� has shown epidemiological impact on par with ROTARIX� after its introduction to
the national immunization schedule in the Palestinian Territories. A molecular genotype shift from a pre-
vaccination predominance of G1P[8] to a current predominance of G2P[4] requires more long-term
surveillance.

� 2022 The Author(s). Published by Elsevier Ltd.
1. Introduction and background

Global childhood deaths from rotavirus (RV) infection have
decreased from an estimate of more than 500,000 per year in
2000 to 125,000 in 2018 [1]. Nevertheless, this pathogen remains
the leading cause of mortality related to diarrhea in children [2].
The introduction of RV vaccination in more than 100 countries
has contributed significantly to the decrease in mortality and
iarrhea
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hospitalization related to diarrheal disease and a decline in the
prevalence of RV [3–5].

Rotavirus is a double-stranded RNA virus of the Reoviridae fam-
ily. Its RNA encodes 6 structural proteins (VP1-4, VP6 and VP7) as
well as 6 non-structural proteins (NSP1-NSP6). Genotyping is
based on RNA sequences for 2 outer capsid proteins; the glycopro-
tein VP7 determines the G-types, and the protease-cleaved protein
VP4 the P types [6]. To date, 41 G types and 57P types have been
described, but globally, the majority of RV disease cases are associ-
ated with 6 G types (G1-G4, G9 and G12) and 3P types (P[4], P[6]
and P[8]) [7,8]. Two-thirds of global RV infections could be attrib-
uted to the G1P[8] genotype prior to the introduction of vaccines.
Genotypes considered less common have become more prevalent
recently, and genotype composition variations occur between
regions, within regions, and from season to season [8–10].

In 2006, two live, oral rotavirus vaccines were prequalified by
the World Health Organization (WHO): RotaTeq� (Merck & Co.,
West Point, PA, USA), a pentavalent bovine-human reassortant vac-
cine and ROTARIX� (Glaxo Smith Kline, Rixenstart, Belgium), a G1P
[8] monovalent human vaccine. Both vaccines showed greater
than 90 % efficacy in preventing severe disease in low-mortality
countries [11–13] and a somewhat lower 50–64 % efficacy in
high-mortality environments [14–16], attributed to the influence
of co-administered oral polio vaccine (OPV), the effects of transpla-
cental anti-rotavirus IgG transmission in high prevalence environ-
ments [17,18], the effects of concurrent intestinal infections
[19,20], and/or the influences of environmental enteric dysfunction
[21].

In 2018, two additional live, oral rotavirus vaccines were pre-
qualified by WHO: ROTAVAC� (Bharat Biotech, Hyderabad, India),
a monovalent human-bovine G9P[11] vaccine, and ROTASIIL�

(Serum Institute of India, Pune, India), a pentavalent bovine-
reassortant vaccine. Both vaccines showed efficacy rates compara-
ble to their competitors with potential advantages for reduced
storage space requirements, cold chain footprints and cost [22].

Since the introduction of rotavirus vaccines in more than 100
national vaccination programs worldwide, and despite their mod-
est efficacy in low- and middle-income countries (LMIC), RV
immunization has had a significant impact on reduction of rota-
virus hospitalization and death in multiple settings. The available
vaccines have shown efficacy against non-vaccine genotypes, and
true ‘vaccine-escape’ strains causing significant disease have not
been observed [23]. In the last decade, the global prevalence of
the G1P[8] genotype has decreased while others like G2P[4],
G12P[8] or G3P[8] have become more prominent. Cyclic temporal
variations in genotype prevalence occurred also in the pre-vaccine
years, but the sustained decrease in G1P[8], previously the most
common strain associated with RV disease in children, may be
attributable to the effect of vaccination [16,24].

In 2016, the Palestinian Ministry of Health (MoH) included
ROTARIX� in the national immunization schedule of the occupied
Palestinian Territories of Gaza and the West Bank with the help
of the Rostropovich Vishnevskaya Foundation (RVF). Diarrhea is a
leading cause of illness among children in the occupied Palestinian
Territories with RV being prevalent in 28 % of stool samples of hos-
pitalized children in a study from the Central Pediatric Hospital in
Gaza [25]. The disease follows a seasonal pattern, typical for the
Eastern Mediterranean region, with incidence peaks in the colder
winter months [26–28].

Within 2 years of vaccine introduction, the Palestinian MoH
and RVF reported a 32.2 % reduction in all-cause diarrhea inci-
dence among children under age 5 throughout all outpatient clin-
ics in Gaza and a 64.6 % drop in RV prevalence in stool samples
analyzed at the Caritas Baby Hospital in the West Bank, while
sustaining a 97.4 % vaccination rate throughout the territories
[29]. In 2018, the Palestinian MoH decided to switch from
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ROTARIX� to ROTAVAC� in response to a cost and economic
impact analysis [30].

The present study is designed to investigate the clinical impact
of rotavirus vaccine introduction on all-cause diarrhea cases
among children under 5 years of age throughout Gaza, as well as
its effects on RV prevalence in stool samples collected from all chil-
dren under 5 years of age presenting to inpatient and outpatient
facilities associated with the Caritas Baby Hospital in Bethlehem,
West Bank. The study also investigates the genotype profiles of
RV positive stool specimens at the hospital comparing samples
from the pre-vaccination era (before May 2016) with samples from
the era of ROTARIX� implementation (May 2016 – September
2018) and the era of ROTAVAC� implementation (October 2018 –
December 2020). Finally, the study investigates occurrences of
intussusception and their potential association with ROTAVAC�,
as a small increase in risk for intussusception during the first 7 days
following the first dose of RV vaccination has been reported in
some countries [31–33].
2. Material and methods

2.1. Surveillance

The occupied Palestinian Territories of Gaza (population 1.6
million) and the West Bank (population 2.6 million) are an LMIC
in the Eastern Mediterranean region. Territorial fragmentation,
and the lack of economic and political sovereignty have inhibited
development [34]. Individuals younger than 15 years of age make
up 41.6 % of the population, and the annual birth cohort is about
130,000. Birth statistics are maintained by the MoH based on the
registration of BCG vaccine doses given to all newborn babies.
Equally, the MoH maintains data on all RV vaccine doses given
and discarded from multi-dose vials at the end of vaccination days.
These public health surveillance data were used to compute vacci-
nation and vaccine wastage rates.

Outpatient medical care in Gaza is provided in 22 clinics run by
the United Nations Relief and Works Agency for Palestinian Refu-
gees (UNRWA) and 28 MoH clinics. Both types of clinics report
‘‘watery diarrhea in children under five years of age” with diarrhea
defined as three or more liquid or semi-solid non-bloody stools per
day for a duration of less than 14 days [35]. UNRWA uses an elec-
tronic medical record system for data collection, while MoH clinics
collect information in manually maintained paper case logs. Aggre-
gate information from both systems is reported to the MoH
Preventive Medicine Directorate for Gaza and entered into a uni-
fied spreadsheet for reporting purposes. The data was used to
determine the monthly all-cause diarrhea incidence throughout
the investigation period for all of Gaza. Similar surveillance data
collection for the West Bank is less comprehensive and was not
included in this analysis to maintain a consistent level of data
validity.

To assess the potential risk for vaccine-related intussusception
in the occupied Palestinian Territories, all suspected intussuscep-
tion cases in children aged one year or younger were collected
prospectively during 2019 and 2020 at the Shifa Hospital, which
is the only pediatric surgery center for Gaza. In the West Bank,
cases were collected retrospectively at Caritas Baby Hospital
through searches of the electronic medical record system for the
years 2015 through 2020. Infants up to the age of one year were
included whose condition met the criteria for Level 1 diagnostic
certainty developed by the Brighton Collaboration Intussusception
Working Group [36]. Criteria included direct visualization of intus-
susception during surgery, specific radiologic findings with intus-
susception reduction by air or contrast enema, or confirmation of
intussusception during autopsy.
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2.2. Diagnostic and molecular analysis

RV prevalence data in stool samples was collected at the Caritas
Baby Hospital in Bethlehem. The hospital is the only pediatric hos-
pital in the Southern part of the West Bank covering the Bethlehem
and Hebron districts. All stool samples collected from children
under 5 years of age presenting to hospital in- and outpatient facil-
ities were investigated for enteric pathogens by microscopy,
microbial culture and RV antigen testing using the Rota Stick
One-Step Assay� (Novamed, Israel).

All stool samples were stored at �80 �C at the Caritas Baby
Hospital laboratory. RV genotyping was performed on 325 single
patient RV-positive stool samples covering the period between Jan-
uary 2015 and the end of 2020. Stool samples were diluted in 1 mL
H2O, vortexed for 30 s and centrifuged at 13,000 rpm for 1 min. A
200 ll aliquot from the supernatant was used to extract RV viral
RNA using High Pure Viral RNA extraction Kit (Roche, Germany).
Extracted RNA was stored at �80 �C pending RV genotyping.

The WHO recommended Gouvea/Iturriza-Gómara primers and
amplification conditions for genotyping RV VP4 and VP7 were used
[37]. The complete VP4 and VP7 genes were amplified using Qia-
gen One-Step RT-PCR kit (Qiagen, Germany) and further purified
using Qiagen PCR purification kit (Qiagen, Germany). For genotyp-
ing, a multiplex PCR using GoTaq� Green Master Mix (Promega,
USA) and the recommended WHO primers cocktail were used to
amplify the specific VP4 and VP7 genotype amplicon. Genotypes
were determined through size comparison of resulting amplicons
from stool samples to control strains for each major G and P type
following agarose gel electrophoresis.
2.3. Statistical analysis

To assess the potential impact of vaccine introduction on dis-
ease occurrence or proportion of RV-positive diarrhea, an inter-
rupted time-series (ITS) approach was used, employing a
generalized linear mixed model with a Poisson likelihood to esti-
mate relative reductions and 95 % confidence intervals (CIs). Mod-
els for Gaza surveillance and Caritas Baby Hospital were fit
separately. In both models, a generalized linear model was fit to
the monthly time series data starting in January 2015, assuming
Fig. 1. Monthly outpatient clinic visits for well and sick children throughout MoH and UN
visits after March 2020.
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diarrheal cases were Poisson distributed. Seasonality was incorpo-
rated via an adjustment for calendar month, and secular trends
were accounted for with a linear monthly term in the model [38].

For the analysis of data from Caritas Baby Hospital, total diar-
rhea cases were accounted for by considering the log of
rotavirus-negative diarrheal cases as the exposure [39]. In Gaza,
catchment populations were not available. However, the Poisson
regression approach facilitates estimation of percentage reductions
in cases. For the ITS-specific parameterization, two impact frame-
works were considered. First, three periods were considered,
namely pre-introduction (before May 2016), ROTARIX� (May
2016 to September 2018), and ROTAVAC� (October 2018 to March
2020). In the second parameterization, two periods were consid-
ered, pre-introduction (before May 2016) and post-rotavirus vac-
cine introduction (May 2016 to March 2020). A significant
decrease in clinic visits was observed from April through December
2020 during the height of the SARS-CoV-2 epidemic (Fig. 1). This
likely impacted both the transmission of rotavirus and the proba-
bility of rotavirus cases being captured by the surveillance. There-
fore, surveillance data after March 2020 were not considered in the
evaluation of the vaccine introduction.
3. Results

Since the introduction of RV vaccination, MoH and UNRWA clin-
ics were able to maintain a national vaccination rate of greater
than 95 % for all vaccine doses at the appropriate ages of 2 and
4 months for ROTARIX� and 2,4 and 6 months for ROTAVAC�,
respectively, for both Gaza and the West Bank. An interruption of
vaccination efforts occurred during the first half of 2018 when
ROTARIX� stores were depleted before ROTAVAC� vaccination
could commence. Catch-up immunizations were initiated for chil-
dren with missed doses, however, following MoH policy, such
doses were not given to children who had reached beyond the
age of 8 months.

Minor fluctuations in vaccination coverage related to the SARS-
CoV-2 epidemic occurred during the latter half of 2020 but were
compensated for in subsequent months. Fig. 2 illustrates the
monthly birth rates for 2019 and 2020 with the corresponding vac-
cinations given 2, 4 and 6 months later (Fig. 2). Vaccine wastage
RWA clinic networks in Gaza 2015 through 2020. Note the significant drop in clinic



Fig. 2. Monthly births and ROTAVAC� doses given 2 (RV1), 4 (RV2) and 6 (RV3) months later for all infants born in theWest Bank and Gaza during 2019 and 2020. The months
indicated on the horizontal axis reflect birth dates rather than vaccination dates.
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rates for ROTAVAC� multi-dose vials dropped from 14.4 % in
December 2018 to 5.4 % by the end of 2020 with the introduction
of an improved patient scheduling system.

3.1. All-cause diarrhea case counts in Gaza

During the pre-introduction period, outpatient clinics in both
the UNRWA and MoH networks of Gaza combined experienced
an average of 4,856 (range: 4,149 – 5,473) cases of all-cause diar-
Fig. 3. (a) Monthly average diarrhea cases in children under 5 in Gaza comparing pre-im
2018, n = 29), and ROTAVAC� period (Oct 2018 – Mar 2020, n = 18, illustrating means, hig
rotavirus vaccine (left of first dotted line), during ROTARIX� period (between dotted lin

4

rhea per month. As vaccine was introduced in the ROTARIX� per-
iod, the average monthly count of all-cause diarrhea cases
dropped to 3,364 (range: 1,952 – 5,634), a decrease of 30.3 %. After
the transition to ROTAVAC�, monthly diarrhea cases dropped by an
additional 32.1 % to an average of 2,284 (1,142–2,890) from
December 2018 to the beginning of the SARS-CoV-2 impact in
March 2020 for a total decline of case counts by 53 %. (Fig. 3a).

In the Poisson regression analysis, the annual reduction of diar-
rhea incidence was 21.4 % (CI 20.7, 22.1) after the introduction of
munization period (Jan 2015 - Apr 2016, n = 16), ROTARIX� period (May 2016 – Sep
hs, lows, and quartiles. (b) ITS with LOESS demonstrating diarrhea incidence before
es), and after transition to ROTAVAC� (right of second dotted line).
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ROTARIX�. The switch to ROTAVAC� did not change the diarrhea
incidence significantly when looking at the pre-SARS-CoV-2 period
up to March 2020, indicating a vaccine impact of ROTAVAC� com-
parable to that of ROTARIX�. In the two-period model, the diarrhea
incidence following introduction of RV immunization of any kind
was decreased by 16.7 % (CI 16.3, 17.12) per year when excluding
the SARS-CoV-2 period (Table 1).The interrupted time-series as
visualized by locally weighted scatterplot smoothing (LOESS)
demonstrates the significant drop in diarrhea incidence with the
introduction of ROTARIX�, followed by a minor further decrease
with the transition to ROTAVAC� (Fig. 3b).

3.2. RV prevalence in stool samples at Caritas Baby Hospital

Analysis of the number of in- and out-patient diarrhea cases of
children younger than 5 years of age at Caritas Baby Hospital in the
West Bank showed a reduction in the monthly average case load
for both RV and all-cause diarrhea cases as well as the proportion
of RV positive cases following the introduction of RV vaccine. RV
positive diarrhea cases decreased from a monthly average of 57.8
(range: 16–111) with a positivity rate of 38.2 % (range: 31.3–
45.1) during the pre-introduction period to 19 cases (range: 3–
128) per month with a positivity rate of 13 % (range: 2.5–50.8) fol-
Table 1
Annual percentage decreases (95% CI) in diarrhea incidence in Gaza related to the
introduction of ROTARIX� and ROTAVAC� (left) and any RV vaccine (right).

Annual percentage decrease in
diarrhea incidence

Introduction of
both vaccines

Introduction of
any RV vaccine

Pre-introduction
(JAN 2015-APR 2016)

1.7 (0.0, 3.4) 1.4 (-0.3, 3.1)

ROTARIX (MAY 2016-SEP 2018) 21.4 (20.7, 22.1)
ROTAVAC (OCT 2018-MAR 2020) 2.6 (-0.5, 5.6)
Post-introduction

(MAY 2016 – MAR 2020)
16.7 (16.3, 17.1)

Fig. 4. (a) Monthly average RV positive cases in children under 5 at Caritas Baby Hospita
(May 2016 – Sep 2018, n = 29), and ROTAVAC� period (Oct 2018 – Mar 2020, n = 18 il
children younger than 5 at Caritas Baby Hospital indicating RV positive (red bars), RV ne
2015 and 2020. Dotted lines indicate the introduction of ROTARIX� and ROTAVAC� v
interpretation of the references to colour in this figure legend, the reader is referred to
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lowing the introduction of ROTARIX�, a decline by 67.1 %. Monthly
RV case averages plateaued after the transition to ROTAVAC� at
18.1 (range: 4–46)—a total decline by 68.7 %—with a positivity rate
of 15 % (range: 3.9–32.9 (Fig. 4a). Fig. 4b also demonstrates the sea-
sonality of rotavirus occurrences, which persisted at a less pro-
nounced level after the introduction of vaccination (Fig. 4b).

The ITS analysis of the RV prevalence in stool samples showed
an increase of RV positivity before vaccine introduction of 44.2 %
per year, a decrease by 14.1 % per year with the introduction of
ROTARIX� and a further decrease by 24.1 % annually after the tran-
sition to ROTAVAC� up to the effects of the SARS-CoV-2 epidemic.
(Table 2). Here, small changes in absolute case numbers impact
case rates more significantly as overall case numbers are low
(Fig. 4a).
3.3. Molecular analysis of rotavirus positive stool samples

A total of 325 randomly selected RV stool samples collected
between 2015 and 2020 were typed for their G- and P-
genotypes. In 2015 (n = 58), before the introduction of RV vaccina-
tion in the territories, G1P[8] was most prevalent at 55.2 % of stool
l comparing pre-vaccination period (Jan 2015 - Apr 2016, n = 16), ROTARIX� period
lustrating means, highs, lows, and quartiles. (b) Monthly diarrhea case averages in
gative (gray bars) stool samples, as well as RV positivity rates (black line) between
accines, respectively. Seasonal variations of RV positivity are demonstrated. (For
the web version of this article.)

Table 2
Annual percentage decreases (95% CI) in RV prevalence in stool samples at Caritas
Baby Hospital related to the introduction of ROTARIX� and ROTAVAC� (left) and any
RV vaccine (right).

Annual percentage decrease in RV
positivity of stool samples

Introduction of
both vaccines

Introduction of
any RV vaccine

Pre-introduction
(JAN 2015 - APR 2016)

�44.2 (-65.3, �25.8) �45.0 (-66.1, �26.5)

ROTARIX (MAY 2016 - SEP 2018) 14.1 (1.9, 24.8)
ROTAVAC (OCT 2018 - MAR 2020) 24.1 (-5.6, 45.4)
Post-introduction

(MAY 2016 – MAR 2020)
�1.2 (-8.3, 5.4)
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samples. The transitional year of 2016 (n = 50) saw a predomi-
nance of G9P[8] at 62 % and G2P[4] at 28 %. The ROTARIX� period
of 2017 (n = 60) and 2018 (n = 59) showed a mixed genotype pic-
ture with G9P[8] at 38.3 % in 2017 and of G12P[8] at 61 % in 2018.
The ROTAVAC� period of 2019 (n = 52) and 2020 (n = 46) was dom-
inated by G2P[4] at 55.8 % and 56.5 % respectively (Fig. 5).

Analyzing the VP7 G genotypes and VP4 P genotypes separately,
a transition from G1 to G9 was noted during the ROTARIX� imple-
mentation phase (from 60.3 % G1 in 2015 to 66 % G9 in 2016), fol-
lowed by a shift towards G2 during the ROTAVAC� period (from
3.4 % in 2017 to 61.5 % in 2019 and 56.5 % in 2020) (Fig. 6a). VP4
P genotypes showed less variability. P[8] was predominant from
2015 through 2018 ranging from 66 % in 2016 to 91.5 % in 2018.
With the implementation of ROTAVAC� a shift towards the P[4]
genotype became apparent at 57.7 % in 2019 and 58.7 % in 2020
respectively (Fig. 6b).

3.4. Intussusception

During 2019 and 2020, 51 cases of suspected intussusception in
infants younger than 12 months of age were attended at the Shifa
Hospital in Gaza. Of these, 48 were confirmed at surgery or through
radiographic means. One case found at surgery had a polyp as the
lead point for the intussusception. Three children had received
ROTARIX�, 33 had completed three doses of ROTAVAC�, 8 had
received 2 doses, and 3 had 1 dose. No cases of intussusception
occurred during the 21 days following dose 1 of immunization, 1
case occurred within 21 days after dose 2, and 8 cases occurred
within 21 days after the third dose of ROTAVAC�.

In the West Bank, 50 suspected cases of intussusception in
infants were reported between December 2015 and the end of
2020. 47 of these were confirmed. 11 children had not received
rotavirus vaccine, 9 had received both doses of ROTARIX�, 1 had
received 1 dose, 4 had 2 doses and 8 had 3 doses of ROTAVAC�,
respectively. No immunization information was recorded for 13
Fig. 5. Proportional G and P genotype representation in RV positive stool samples random
ROTAVAC� periods respectively.
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children. No cases of intussusception occurred within 21 days of
the first dose of any vaccine. One case happened within 21 days
of the second dose of ROTARIX� and two cases occurred within
21 days of the third dose of ROTAVAC�.

The age distribution of reported cases (Fig. 7) parallels the nat-
ural incidence of intussusception described elsewhere [40–42].
While the reported case numbers are too low to allow statistical
analysis, these data provide reassurance that intussusception
remains unrelated to vaccination.
4. Discussion

This study was designed to demonstrate the clinical impact of
RV vaccination on all-cause diarrhea and its effects on the preva-
lence of rotavirus in stool samples of children under 5 years of
age in the Palestinian territories of Gaza and the West Bank. The
country has been the first to switch to ROTAVAC� after an initial
nationwide introduction of ROTARIX�. The study also aims to
describe the prevalent genotype profiles of RV strains comparing
the pre-vaccination period (January 2015 through April 2016) with
the ROTARIX� (May 2016 through September 2018) and ROTA-
VAC� (October 2018 through December 2020) periods respectively.
Lastly, the potential effects of ROTAVAC� on the occurrence of
intussusception has been investigated.

The overall impact of RV vaccination on all-cause diarrhea
showed a 53 % reduction of caseloads among children under 5 years
of age during the study period. These results mirror the findings of
a large meta-analysis including 101 studies from 47 countries esti-
mating a 36 % reduction in all-cause diarrhea hospitalizations and
deaths, accompanied by a 59 % reduction in rotavirus-related hos-
pitalizations [3]. The impact of ROTARIX� on diarrhea caseloads
was maintained by ROTAVAC� following the vaccine switch in
2018 at an overall annual case reduction rate of 16.7 %, indicative
of the non-inferiority of ROTAVAC� compared with ROTARIX�.
ly collected from 2015 through 2020 indicating the pre-vaccination, ROTARIX� and



Fig. 6. A (top) and b (bottom): transition of VP7 G genotypes (top) and VP4 P genotypes (bottom) from 2015 through 2020 in response to ROTARIX� introduction in 2016 and
transition to ROTAVAC� in 2018.
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Further case load decreases after March 2020 were not included
in the statistical analysis as the onset of the SARS-CoV-2 epidemic
affected health care utilization in the Palestinian territories as
much as elsewhere, likely leading to underreporting of diarrhea
cases. Between March and December 2020, monthly clinic visits
at MoH and UNRWA clinics throughout Gaza dropped from an
average of 94,515 for the years 2015 through 2019 to 48,740, a
drop by 48.4 %. Elsewhere, since the onset of the epidemic, Taque-
chel, et al. reported an 87 % decrease in outpatient pediatric asthma
care visits in the US [43], while separate reports indicate decreas-
ing vaccination rates, and a decline in primary and urgent care vis-
its globally [44,45].
7

RV positivity rates dropped by 67.1 % (from 38.2 % to 13 %) after
the introduction of ROTARIX� and were maintained at 15 % after
the transition to ROTAVAC�, again confirming non-inferiority
between the two vaccines. While this is the first study to describe
vaccine impact for ROTARIX� and ROTAVAC� in the same popula-
tion, a large metanalysis of 20 randomized clinical trials and 38
case-control studies by Sun et al [46] established a relative risk
for rotavirus gastroenteritis in low-income countries of 0.653
(0.479–0.891) following ROTARIX� and 0.664 (0.548–0.804) fol-
lowing ROTAVAC� vaccination, suggesting comparable effective-
ness for the two vaccines as well. Similarly, a 2021 Cochrane
review [47] found that ROTARIX� reduced severe rotavirus cases



Fig. 7. Age distribution in months of intussusception cases in infants presenting at Shifa Hospital in Gaza (2019–2020) and Caritas Baby Hospital in the Southern West Bank
(2015–2020) in relation to ROTARIX� doses given at 2 and 4 months (blue) and ROTAVAC� doses given at 2, 4 and 6 months (orange), respectively.
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in high-mortality countries (58 %) at a comparable rate as ROTA-
VAC� (54 %).

The effects of RV vaccination on genotype distribution and
prevalence are not yet fully understood. While many countries
have reported declines in G1P[8] strain prevalence following the
introduction of ROTARIX� [9,48–51], which is a G1[P8] vaccine,
others have reported a decline of G1P[8] strains even before the
introduction of a national vaccination program [52], no changes
[53] or even an increase in G1P[8] prevalence following the intro-
duction of the vaccine [54]. Most studies, however, concur on the
increasing relative prevalence of previously less frequent strains
such as G2, G3, G9 or G12, and greater diversity of co-circulating
strains since the introduction of vaccines [52–56]. In addition, less
common genotype combinations like G2P[6], G12P[6], or G8P[4]
have emerged [50] but there is no clear association between these
and vaccine introduction.

This study indicates that G1P[8] strains have not dominated
since rotavirus vaccine introduction, suggesting a level of selective
pressure on circulating strains by the ROTARIX� vaccine. In the
years post-ROTARIX� introduction, the predominant genotypes
shifted to G9P[8] and G12P[8] and G2P[4] following the transition
to ROTAVAC�. The effects of the G9P[11] ROTAVAC� on genotype
diversity may be noticed by the decline of G9 genotypes that had
emerged during the ROTARIX� period. The variability of VP7 G
genotypes in response to vaccine strain exposure appears to be
compensated to some extent by the less diverse presentation of
VP4 P genotype prevalence [57]. Nevertheless, the emergence of
G2P[4] strains following vaccination in the region [58] as well as
globally [59] is concerning. Taking the global genotype fluctuations
into account, these patterns may continue to change, and longer-
term surveillance is advisable.

RV vaccination has been associated with an increased risk of
intestinal intussusception in selected geographies, primarily
high- and middle-income countries [31–33]. An increase in Intus-
8

susception risk was not observed during ROTAVAC� Phase 3 trials
[60,61] nor during post-introduction surveillance [62,63]. In addi-
tion, a modeling analysis comparing the risk of intussusception
with the reduction of mortality provided by RV vaccination in
135 lower-and middle-income countries found that vaccination
showed a significantly positive benefit-risk profile [64]. While this
study does not provide sufficient power for statistical analysis, no
cases were observed during the previously identified highest-risk
period of 7 days following the first dose of RV vaccine. The results
should be seen as reassuring that ROTAVAC� does not carry an
increased risk of intussusception.

There are limitations to this study. The effects of the SARS-CoV-
2 epidemic on clinic visits has been discussed. Clinical surveillance
data for the period of March through December 2020 has been
excluded from the analysis to reduce the effects of reduced clinic
visits on case identification. In addition, there are two transition
periods in the longitudinal analysis of surveillance data; the year
2016 when ROTARIX� was introduced up to a time when the com-
plete infant cohort of the year could be considered immunized, and
2018, when the transition from ROTARIX� to ROTAVAC� was
undertaken. During this period some infants were immunized with
one vaccine and others with the other. These periods cannot be
used to interpret comparison data between the two vaccines.
Therefore, the study serves to provide a trend of disease occurrence
and rotavirus prevalence rather than a head-to-head comparison
between the two vaccines. Thirdly, the areas of Gaza and the West
Bank, while being situated in the same region, are geographically
separate. Vaccination programs of the neighboring state of Israel
may influence disease occurrence and rotavirus prevalence in the
West Bank more than in Gaza where there is virtually no popula-
tion exchange with Israel. Therefore, this study was not designed
to compare disease occurrences and rotavirus prevalence between
the Palestinian Territories, but rather to analyze trends over time
within the respective territories.
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5. Conclusion

The occupied Palestinian Territories were the first country out-
side of India to include ROTAVAC� in its national immunization
program. Two years into the program, the vaccine has shown epi-
demiological impact, on par with ROTARIX� and measured
decreases in the overall numbers of children under 5 years of age
with acute gastroenteritis. No increases in the incidence of intus-
susception were noticed since the vaccine switch. Rotavirus geno-
type shifts from a pre-vaccination predominance of G1P[8] to a
current predominance of G2P[4] requires longer-term surveillance
to determine if they are secular or vaccine-induced variations.
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