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Rotavirus (RV) is the most common etiological agent causing acute gastroenteritis (GE) in children aged <5 years.
This cross-sectional, hospital-based surveillance study (NCT01201252) was designed to investigate RVGE disease burden.
It was conducted from July 2009-July 2010 at 3 referral hospitals in the United Arab Emirates (UAE). Children who had
been hospitalized for acute GE were enrolled with informed consent. Stool samples were tested for RV using enzyme
immunoassay and RV-positive samples were further typed using reverse transcriptase-polymerase chain reaction and
reverse hybridization to determine the G and P types. GE data were collected from medical charts and GE severity was
assessed through clinical examination. Treatment and outcome were prospectively recorded. Among 6323 children
hospitalized due to any reason, 771 (12.2%) presented acute GE and were enrolled, of whom 758 (98.3%) were included
in the final analysis. Acute GE and RVGE accounted for 12.0% (758/6323) and 6.0% (381/6323) of all hospitalizations,
respectively. RVGE accounted for 50.3% (381/758) of GE hospitalizations and predominantly affected, children younger
than 2 years (66.1%; 252/381). The severity of GE before hospitalization was significantly associated with RV-positive
status (P =0.0031). The majority (>95%) of children received intravenous hydration during hospitalization. RVGE occurred
throughout the year, with a subtle winter peak in February 2010 (63.6%; 56/88). GIWTP[8]WT was the most commonly
detected RV strain (56.3%) in 268 analyzed samples. RV was a major cause of GE-hospitalizations in children under 5 years

in the UAE; the highest number of RVGE cases was observed in children younger than 2 years.

Introduction

Rotavirus (RV) has been established as the single most
important cause of worldwide acute gastroenteritis (GE),
resulting in about 453000 deaths and approximately 2.4 million
hospital admissions among children younger than 5 y each year.'?
In 2009, data from a global RV surveillance network, including
10 countries from the Eastern Mediterranean region, estimated
that approximately 38% children (range 14-54%) younger than
5 y who had been hospitalized for diarrhea were RV-positive.
Furthermore, an epidemiological study on the prevalence and
seasonality of RV, conducted in 1994 in pediatric wards in the
United Arab Emirates (UAE), reported that approximately 21%
of acute GE hospitalizations in children younger than 10 y were
actributable to RV; the highest proportion (89.3%) occurred in
children under 5 y of age.’

Literature on RV disease burden has shown that the incidence
of RV is similar in low and high-income countries. Nevertheless,
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diarrhea-related mortality is low in high-income countries where
there is better access to health-care and generally better-nourished
populations.® This highlights that although routine strategies,
such as improved sanitation, are effective in reducing the diarrheal
disease associated with bacterial and parasitic agents, they may
have less impact upon RV disease burden.” Indeed, the World
Health Organization (WHO) recommends RV vaccination as
the most effective strategy to prevent RV-related morbidity and
mortality.®

Two live, oral RV vaccines have been commercially available
since  2006: Rotarix™ (GlaxoSmithKline) and RozaTeq®
(Merck and Co. Inc.). Thereafter, considerable reductions in
RV-attributable morbidity and mortality, and all-cause diarrhea
have been recorded in the high and middle-income countries
where RV vaccination was introduced.” !4

The UAE introduced a RV vaccine into its national
immunization schedule in June 2013." However, as there were no
recent data on the local disease burden or circulating RV strains,
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167/301) and the lowest number was in those aged 48
- 100 to 59 mo (27.3%; 12/44).

Clinical characteristics

Before hospitalization, 42.3% (161/381) of
RV-positive children and 31.0% (117/377) of
RV-negative children had suffered a severe episode
of GE, as assessed by the Vesikari scale (Table 1).

Exploratory analysis showed that the association
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between RV-positive status and GE severity was
statistically significant (2 = 0.0031). Vomiting was
reported in 363/381 (95.3%) of RV-positive and
324/377 (85.9%) of RV-negative children (Table 1).
The mean (+ standard deviation) duration of
hospitalization was 3.19 (£1.34) days for RV-positive
children and 3.45 (+1.90) days for RV-negative
-0 children. The majority (>95%) of children received
intravenous  hydration  during  hospitalization
irrespective of their RV status (Table 1). No deaths
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occurred during the study period and nearly all

Footnote: Note, N: Number of children included in the final analysis.

Figure 1. Age distribution of children hospitalized with acute GE and RVGE (n = 758).

(>98%) children had recovered at discharge.
RV strain distribution

it would be difficult to measure the impact of vaccination. This
hospital-based surveillance study was therefore designed to
estimate the proportion of RVGE among GE hospitalizations
in young children, as well as assessing: the proportion of acute
GE and RVGE among all hospitalizations; GE episode severity;
disease management according to RV status; RVGE seasonality
and the prevalence of RV strains.

Results

Demographic characteristics

A total of 6323 children were admitted to any of the 3 hospitals
between July 2009 and July 2010. Of these, 799 were screened
for acute GE and 771 (12.2%) were enrolled in our study; 28
children were not eligible and the reasons for not including them
were not captured. Thirteen children were excluded from the
final analysis due to at least one of the following: stool samples
collected outside the specified time frame of 4-10 d after GE
onset (n = 7); greater than 5 y (n = 2); informed consent provided
after enrollment (n = 5).

The final analysis therefore included 758 (98.3%) children
with a median age of 17 mo (range 0-59 mo); 55.5% (421/758)
were male and 99.5% (754/758) lived in the same city as their
admitting hospital.

Hospitalization due to acute GE and RVGE

Among all hospitalizations, acute GE and RVGE accounted
for 12.0% (95% CI: 11.2-12.8; 758/6323) and 6.0% (95%
CI: 5.4-6.6; 381/6323), respectively. The proportion of acute
GE hospitalizations attributable to RVGE was 50.3% (95% CI:
46.6-53.9; 381/758).

Of the 381 RV-positive children, 88.1% (336) were younger
than 3 y (Fig. 1). The highest number of RVGE hospitalizations
occurred in children between 12 and 23 mo of age (55.5%;
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Of 268 (70.3%) RV-positive stool samples
available for typing, GIWT was the most commonly
detected G type (60.4%; 162) and P[8]WT was the most
commonly detected P type (81.3%; 218) in all the 3 hospitals.
The most prevalent RV type combinations detected were
GIWTP[8]WT (56.3%; 151/268) and GIP[8]WT (12.7%;
34/268) (Fig. 2).
Seasonal distribution
RVGE occurrence was highest between February and April
2010 and peaked during February 2010 (63.6%; 56/88; Fig. 3).
P[8]WT was prevalent throughout the year. GIWT accounted
for most cases throughout the year except during July 2010, when
G2 was detected in all the RV-positive stool samples.

Discussion

This hospital-based, 1-y surveillance study found that RV was
amajor cause of acute GE in children younger than 5 y in the UAE,
and accounted for 50.3% of all acute GE-related hospitalizations.
These findings are consistent with recent estimates for RVGE of
16—61% in children under 5 y from Middle Eastern and North
African countries,'® but higher than the 21% previously reported
for the pediatric population in the UAES This could be due to
factors such as the improved sensitivity of the EIA test used in the
current study (100% sensitivity and 97% specificity for RV),"
the inclusion of all children hospitalized for acute GE and the
active surveillance methodology followed in the study.

As previously observed in the Eastern Mediterranean region's2!
and Europe, we found the burden of RVGE to be the highest in
children younger than 2 y. More specifically, RVGE was found
predominantly in the 7-12 mo age group in a study conducted in
1994 in UAE (34.8%).

As previously described, we found an association between
GE severity on the Vesikari scale and RV-positive status.”?¢ The
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Table 1. Clinical characteristics by RV status (n = 758)

Number (%) of children
Symptoms and signs RV-positive RV-negative
381 (50.3) 377 (49.7)
Severity before hospitalization*

Mild (< 7) 51(13.4) 72(19.1)
Moderate (7-10) 169 (44.4) 188 (49.9)
Severe (= 11) 161 (42.3) 117 (31.0)

Symptoms before hospitalization
Diarrhea 367 (96.3) 345 (91.5)
Vomiting 363 (95.3) 324 (85.9)
Fever 209 (54.9) 212 (56.2)
Duration of diarrhea before hospitalization

1-4d 335(91.3) 303 (87.8)

5d 22 (6.0) 15(4.3)

>6d 10 (2.7) 27 (7.8)

Treatment received during hospitalization
Oral rehydration 361 (94.8) 330 (87.5)
Intravenous rehydration 377 (99.0) 359 (95.2)
Antibiotics 39(10.2) 72 (19.1)
Outcome at discharge
Recovered 337 (99.0) 370 (98.1)
Ongoing 4(1.0) 5(1.3)
Unknown 0(0.0) 1(0.3)

*Severity of RVGE based on 20-point Vesikari scale, N, Number of children in the final analysis.

average hospital stay for children with RVGE in our study was
3.2 d, compared with 2.6 d previously reported by Howidi et al.
in the UAE.?

As previously reported for Middle Eastern countries,'
GIWTP[8]WT was the most commonly detected RV strain in
our study. However, RV strain distribution has been shown to

6

vary greatly among the Middle Eastern countries, for example,
in Iran, G4P[8] is the most common RV strain,'® while a varied
RV strain distribution is observed in Oman.?® Indeed, WHO
surveillance data across the Eastern Mediterranean region
indicated substantial strain diversity in the RV types circulating
in this region.”

RVGE hospitalizations occurred throughout the year with a
subtle peak in winter. This has also been observed in Eastern
Mediterranean countries including Iran,'® Oman® and Saudi
Arabia.* In the present study, hospitalizations among RV-negative
children were higher than RV-positive children during Jul-09 to
Dec-09. Previous studies have shown that several microorganisms
including viruses other than RV, bacteria and protozoa cause GE
in children.®® These microorganisms might be responsible for
the increased number of hospitalizations among RV-negative
children in the UAE. However, stool samples in our study were
tested only for RV and other potential causes of GE were not
systematically assessed.

2286 Human Vaccines & Immunotherapeutics

Some of the limitations of our study were that we did not
capture the reasons for excluding 28 children who were screened,
but not enrolled. We only considered children hospitalized
for acute GE and did not collect data from children treated in
emergency rooms or as out-patients. We did not explore potential
regional differences although none have been previously described
for the UAE. Although we were only able to type 70.3% of
the RV positive samples, our estimates do help understand the
RV-attributable fraction of GE that can be linked to the direct
costs of hospitalization.

A major strength of our study was that it was conducted
according to the WHO generic protocol for RVGE surveillance
in children younger than 5 y. RV typing was also performed in
a single certified laboratory. This was the first cross-sectional,
multicenter, hospital-based surveillance in the UAE to assess the
disease burden associated with GE and RVGE hospitalization,
and the only study to have assessed RV strain prevalence. The
number of subjects with acute GE enrolled in the study was
high and thus minimized the potential for selection bias.
Furthermore, since the study was conducted in 3 large pediatric
referral hospitals across the country, the findings are likely to be
representative of the whole population.

The incidence of RV disease is similar in both industrialized
and developing countries, which suggests that improvements
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Figure 2. Distribution of RV strains in RV-positive stool samples (n = 268).
Footnote: Note, N: Number of RV positive children; WT: Wild type.

in water supply, hygiene, and sanitation may not adequately
control the disease.* Hence additional interventions such as
implementing effective immunization against RV into the
routine vaccination programs is an important public health
measure to be considered for UAE. Indeed, the neighboring
countries of Bahrain, Iraq and Morocco have already introduced
RV vaccine in their immunization schedules in accordance with
the WHO recommendations.” Our study data might be useful
as a reference baseline for policy makers to take an informed
decision about the introduction of universal RV vaccination in
the UAE, thus providing a measurable benefit to the health of
younger children, the population mainly affected by RVGE.
Data from this cross-sectional, multicenter, hospital-based
surveillance study showed RV to be a major cause of acute
GE-related hospitalizations in children younger than 5 y in the
UAE, and particularly among children under 2 y of age. These
data may assist policy makers in setting priorities for and assessing
the impact of introducing preventive interventions in the UAE.

Patients and Methods

Study design

This cross-sectional, multicenter, hospital-based, observational
study was conducted from 2nd July 2009 to 19th July 2010 at 3
referral pediatric hospitals in the UAE: Al-Qassimi Hospital, the
largest hospital in Sharjah, serving a population of approximately
800000; Sheikh Khalifa Medical City, a tertiary hospital in
Abu Dhabi with dedicated pediatric wards and a catchment of
approximately 800000 and Al-Ain Hospital in Al-Ain, one of the
largest hospitals serving a population of approximately 60000.
The study was undertaken in accordance with the WHO generic
protocol for hospital-based surveillance to estimate the burden of
RVGE in children less than 5 y of age.*

The study was conducted in accordance with the Declaration
of Helsinki and Good Clinical Practice guidelines, and was
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approved by the national independent ethics committee and the
research and ethics committees of the participating hospitals.
Written informed consent was obtained from parents/guardians
of all children before enrollment.

Case definition

Acute GE was defined according to the WHO as ‘three
or more loose stools and/or two or more vomiting episodes
within a 24 h period’, with the onset of symptoms <14 d before
admission.?? The severity of each case was categorized according
to the 20-point Vesikari scale, where a score 211 was considered
to be severe.*

Inclusion and exclusion criteria

All children under 5 y of age, who were hospitalized due to
acute GE, were enrolled. Children with possible nosocomial
infections (onset of GE 48 h after admission) were excluded from
the study.

Data collection

Demographic and GE episode symptom data were collected
for all enrolled children and their clinical signs were recorded
following medical examination. The duration of hospitalization
and disease outcome were prospectively recorded.

Laboratory analyses

Stool samples were collected from all children and were tested
on-site for the presence of RV using an enzyme immunoassay
(EIA; Premier™ Rotaclone®; Meridian Bioscience).” All
RV-positive samples were further tested at the DDL Diagnostic
Laboratory, The Netherlands, by reverse transcriptase-polymerase
chain reaction for VP7 and VP4 genes, followed by a reverse
hybridization assay and direct sequencing analysis, if necessary,
to determine G and P types.* If the specific VP4 or VP7 genes
could not be amplified and were untypeable, possibly due to low
viral load or the presence of aberrant viral variants, the G or the
P types were denoted X.

Statistical analyses

All statistical analyses were performed using the statistical
analysis system (SAS) version 9.2 (SAS Institute Inc.).

As data on population risk were not available, it was not possible
to determine sample size estimates using statistical methods. The
target enrollment therefore considered all children under 5 y of
age who were hospitalized for acute GE at the referral hospitals
during a 1-y period. The proportion of RVGE hospitalizations
among acute GE hospitalizations and the proportion of acute GE
and RVGE hospitalizations among all hospitalizations due to any
cause were calculated with exact 95% Clopper-Pearson confidence
intervals (CI)* using ProcStatXact 7.0. Statistical comparisons
between age, GE severity and duration of hospitalization, with
RV status (positive vs. negative) were performed using the chi-
square test (exploratory analysis). All analyses were descriptive
and results were presented for the overall population, by center
and by RV status.
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