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a b s t r a c t

Rotavirus (RV) is the leading cause of severe acute gastroenteritis (AGE) worldwide. Consequently, we
conducted a systematic literature review on articles studying RV in the 25 countries of the MENA region
during the past 15 years (2000–2015). The methods and reporting were set according to the 2015 pre-
ferred reporting items for systematic review and meta-analysis protocols (PRISMA-P) and based on the
elements from the international prospective register of systematic reviews (PROSPERO). Our literature
search identified 169 studies meeting our predefined inclusion criteria. Studies reporting on RV were con-
ducted in 19 out of the 24 countries of the MENA region. The largest number of studies was reported in
Turkey (n = 32), Iran (n = 31), Saudi Arabia (n = 19) and Egypt (n = 17). The majority of studies reporting
on RV gastroenteritis rates were clinical observational studies. In 115 studies out of 169, RV was reported
among in-patients whereas 35 studies reported RV among outpatients. The predominantly reported RV
genotype in the region was G1[P8] followed by G2[P4] and G9[P8]. The majority of studies (n = 108) were
conducted among children less than 5 years of age whereas the remaining studies reported on AGE
among other age groups and rarely adults. In MENA countries, RV infection was reported all year round
with peaks described in cold as well as hot months. This systematic review provides a current update on
the epidemiology of RV-associated gastroenteritis in countries of the MENA region and draws attention to
the major gaps existing in the continuous monitoring of RV.

� 2017 Elsevier Ltd. All rights reserved.
Contents
1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6048
2. Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6048
2.1. Search strategy and selection process . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6048

2.1.1. Data extraction and analyses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6048

3. Results. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6049
4. Discussion. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6053

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6055
merican

http://crossmark.crossref.org/dialog/?doi=10.1016/j.vaccine.2017.09.067&domain=pdf
https://doi.org/10.1016/j.vaccine.2017.09.067
mailto:melhemn@aub.edu.lb
https://doi.org/10.1016/j.vaccine.2017.09.067
http://www.sciencedirect.com/science/journal/0264410X
http://www.elsevier.com/locate/vaccine


6048 H. Zaraket et al. / Vaccine 35 (2017) 6047–6058
1. Introduction

Rotavirus (RV) is the leading cause of severe acute gastroenteri-
tis (AGE) worldwide among children less than five years old [1,2].
The annual health costs due to RV infection reached 29 million
USDs in the United States (US) [3] and 550 million Euros in the
European Union (EU) [4]. In developing countries, RV contributed
to 7.1 million episodes of diarrhea, 220,000 annual hospital admis-
sions and 1.8 million healthcare visits among children between
2000 and 2004 [5].

Recent data reported that the estimated number of rotavirus
deaths in children <5 years of age declined from 528,000
(465,000–591,000) in 2000 to 215,000 (197,000–233,000) in
2013 [6]. The majority of deaths caused by RV were described in
low-income and low-middle income countries [6,7]. Two RV vacci-
nes, prequalified by the World Health Organization (WHO), are
currently available, Rotarix (GSK Biologicals), an attenuated mono-
valent human rotavirus vaccine (RV1), and Rotateq (Merck & Co), a
pentavalent bovine-human reassorted rotavirus vaccine (RV5) [8].
Both vaccines are safe with an efficacy rate of more than 85% [9].
These vaccines were originally introduced in 2006 in high and
middle-income countries with available data efficacy, effectiveness
and access to vaccines [2,10]. Countries introducing rotavirus vac-
cine to their national immunization programs reported significant
declines in RV-associated hospital admissions as the case in Bel-
gium [11], Austria [12], Europe [13] and the Americas [14–17]. In
2009, theWHO recommendation was extended to include all coun-
tries specifically those with high mortality rate due to diarrhea
[18]. Currently, 85 countries have added rotavirus vaccines to their
national immunization programs [19,20].

In the Middle East and North Africa (MENA) region and accord-
ing to the WHO, RV vaccination is part of the NCIPs in 12 countries.
These countries are Bahrain, Djibouti, Iraq, Israel, Jordan, Libya,
Morocco, Qatar, Saudi Arabia, Sudan, United Arab Emirates (UAE)
and Yemen [21]. In 2002, the WHO and the Centers for Disease
Control and Prevention (CDC) established a Global Rotavirus
Surveillance Network where hospitals and laboratories report to
the national ministries of health the clinical features and RV testing
data of hospitalized children with AGE who are less than five years
old [1]. In the MENA region, six countries are part of the WHO Glo-
bal Rotavirus Sentinel Hospital Surveillance Network [22]. These
countries are: Djibouti, Jordan, Libya, Sudan, Syria and Yemen.

In a recent systematic review, RV-gastroenteritis was reported
to constitute 16–61% of all acute gastroenteritis cases in the MENA
region [23]. This review included studies published between 1999
and 2009 and reported 14–45% rates of hospitalizations due to RV-
gastroenteritis among children less than five years old with G1P[8]
being the most prevalent genotype followed by G2P[4]. In an ear-
lier report on the epidemiology of RV-associated diarrhea, a med-
ian RV detection rate of 40% was reported among hospitalized
children and an all year round circulation [24].

In this review, we present the recent data on RV-associated gas-
troenteritis in countries of the MENA region among all age groups
between 2000 and 2015. Understanding the current status of RV –
associated gastroenteritis is critical to evaluate the performance of
surveillance systems where available and to expand the implemen-
tation of these systems. We report the frequencies of RV-associated
gastroenteritis, the tests used to detect RV, the predominant circu-
lating strains, as well as seasonality patterns in the region.

2. Methods

2.1. Search strategy and selection process

We carried out an extensive systematic review on articles
reporting RV in the 24 countries of the MENA region during the
past 16 years (2000–2015). These countries are: Algeria, Bahrain,
Djibouti, Egypt, Iran, Iraq, Israel, Jordan, Kuwait, Lebanon, Libya,
Mauritania, Morocco, Oman, Palestine, Qatar, Saudi Arabia, Soma-
lia, Sudan, Syria, Tunisia, Turkey, UAE and Yemen. The methods
and reporting of this systematic review were set according to the
2015 preferred reporting items for systematic review and meta-
analysis protocols (PRISMA-P) [25] and based on the elements
from the international prospective register of systematic reviews
(PROSPERO) [26]. The search strategies were developed using the
proper Medical Subject Headings (MeSH) terms and keywords
related to RV and the 24 countries listed above using 9 electronic
bibliographic databases: Medline (OVID), PubMed, EMBASE,
COCHRANE, SCOPUS, Web of Science, ProQuest, OpenGrey and
the Global Health Library (GHL). The latter was used to retrieve
regional studies published in the Index Medicus for the Eastern
Mediterranean Region (IMEMR) and the African Index Medicus
(AIM).

All relevant studies were sent to the citation manager Endnote
(version X7.1) where duplicates were removed. The titles and
abstracts of the exported studies were extracted and screened by
two independent reviewers for relevance according to the inclu-
sion and exclusion criteria. Disagreements were resolved by con-
sensus of a third reviewer. The studies included were the ones
assessing the prevalence of RV in AGE in any of the 24 countries
of the MENA region and published between 2000 and 2015. These
studies had reported on the total number of stool samples tested
for RV along with positive occurrences. Moreover, studies were
included when the use of standardized laboratory techniques for
the detection of the virus was clearly reported. These assays
include enzyme immune assay (EIA), enzyme-linked immunosor-
bent assays (ELISA), immunochromatography (IC), latex agglutina-
tion (LA), electron microscopy (EM), reverse transcriptase
polymerase chain reaction (RT-PCR), real time RT-PCR (rRT-PCR),
sequencing or viral isolation. The selected studies meeting these
criteria were included. We excluded studies without original data
(review articles), case studies, clinical trials, animal and environ-
mental studies or studies using non-standardized methods. We
also excluded studies that did not have English abstracts. Studies
lacking the number of participants, the number of positive cases
or the percentages that allowed us to calculate these raw numbers
were also excluded.
2.1.1. Data extraction and analyses
Based on the pre-defined inclusion and exclusion criteria, the

full-texts of potentially eligible or relevant titles and abstracts
were screened. Following screening and using a standardized data
sheet, two reviewers extracted the data independently from eligi-
ble studies and assessed the inclusion criteria in details. The
abstracted information was checked by a third reviewer. The fol-
lowing information was extracted from each study when available:
country, population studied number of cases tested, positive rate,
diagnostic method used, predominant serotypes and seasonal
peaks. The population studied was recoded into participants’ set-
ting, i.e. community, outpatient or inpatient. When studies did
not report the positive rates of RV infection, we calculated the for-
mer using the sample size and the number of positive cases.

To analyze the extracted data, we conducted a proportion/per-
centage meta-analysis. Due to the large number of studies, we per-
formed subgroup analysis to stratify the burden of rotavirus by
genotype, patients’ setting and age. We used fixed-effects model
when the subgroup analysis included 2 or 3 studies, random effects
model when the subgroup analysis included more than 3 studies
and Exact Clopper Pearson estimate when the subgroup analysis
include one study only. We calculated the I2 statistic as a measure
of the proportion of variation attributable to heterogeneity
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between studies. All analyses were performed using STATA version
13.0.
3. Results

Our literature search identified 2589 articles on RV in the MENA
region between 2000 and 2015. After removal of duplicates, we
assessed the eligibility of 671 citations based on their titles and
abstracts (Fig. 1). Out of 178 eligible studies, 169 met our prede-
fined inclusion criteria and were used to extract the full data. Stud-
ies reporting on RV were conducted in 19 out of the 24 countries of
the MENA region (Table 1). The largest number of studies was
reported in the following countries: Turkey (n = 32), Iran (n = 31),
Fig. 1. Flow diagram of RV study selecti

Table 1
Reported rotavirus infection rates across all age groups and settings in countries of the M

Country Number of studies Minimum

Bahrain 2 11.30
Egypt 17 8.10
Iran 31 15.34
Iraq 7 5.79
Israel 9 16.05
Jordan 7 26.64
Kuwait 1 43.60
Lebanon 3 27.93
Libya 8 13.39
Morocco 5 17.21
Oman 2 49.34
Palestine 2 2.00
Qatar 1 10.42
Saudi Arabia 19 4.51
Sudan 4 11.69
Tunisia 13 17.33
Turkey 32 0.60
UAE 3 24.74
Yemen 3 26.90

MENA 169 0.60
Saudi Arabia (n = 19) and Egypt (n = 17). A wide range of RV infec-
tion was reported in the MENA region with as low as 0.6% [27] and
as high as 76% [28].

The majority of studies reporting on RV gastroenteritis rates
were clinical observational studies. In 115 studies out of 169, RV
was reported among in-patients whereas 35 studies reported RV
among outpatients. The remaining studies either reported com-
bined in- and out patients with few studies reporting RV in com-
munity settings (Table 2). These patients presented with signs
and symptoms of AGE and consequently were recruited to test
for RV-associated-gastroenteritis. A total of 108 studies were con-
ducted among children less than 5 years of age. RV among children
less than 5 years old was reported by the following number of
studies as follows: Egypt, 8/17 (47%); Iran, 14/31 (45%); Saudi
on in MENA countries, 2000–2015.

ENA region between 2000 and 2015.

rate (%) Maximum rate (%) Median (%)

44.77 –
76.92 25.24
67.65 30.00
43.28 29.50
48.97 32.36
49.46 35.20
–
48.10 30.61
58.29 32.27
43.95 40.25
57.42 –
28.00 –
–
65.54 19.00
36.27 19.00
28.28 26.21
78.21 20.19
50.26 25.03
45.03 35.30

78.21 27.39



Table 2
Country distribution and molecular characteristics of rotavirus, MENA 2000–2015.

Country Population Participants’
setting

Study
period
(months)

Detection method n Positive
rate

Seasonal peaks Predominant
serotype/
genotype

Article
number

Bahrain Children < 5 Inpatients 12 EIA/RT-PCR/
Reverse
Hybridization

239 44.77% G1[P8] [43]

Children < 15 Inpatients 20 LA/RT-PCR 805 11.30% Group A [44]

Egypt Children < 5 Inpatients 6 IC/ELISA/RT-PCR 65 76.92% [45]
Children < 5 Inpatients 12 RT-PCR/rRT-PCR 110 45.45% Fall Group A [46]
Children < 2 In and Outpatients 12 EIA/RT-PCR 197 39.09% Winter G3[P8] [47]
Children < 5 Inpatients 24 ELISA 356 10.67% Summer [48]
Children < 2 Outpatients 40 ELISA/RT-PCR 348 40.23% Fall G1[P8] [49]
NM Community NM ELISA/RT-PCR 47 19.15% [50]
Children < 15 Outpatients 12 RT-PCR 500 39.00% [51]
Children < 5 In and Outpatients 24 ELISA 430 19.53% [52]
Children < 3 Inpatients 54 ELISA 526 9.12% [53]
Children < 5 Inpatients 12 LA/EIA/ELISA/RT-

PCR
450 35.11% Fall and Winter G1 [54]

Children < 5 Outpatients 24 EIA 2112 8.10% Summer [55]
Children < 5 Inpatients 24 EIA/Nested RT-

PCR
1026 25.24% G1[P8] [56]

Children < 18 In and Outpatients 12 ELISA/RT-PCR 230 57.39% Winter G2[P4] [57]
Children < 5 Inpatients 12 EIA/EM 172 16.86% [58]
Children < 5 Inpatients NM ELISA 61 39.34% [59]
Children < 5 Inpatients 2 ELISA 253 17.00% [60]
Children < 6 In and Outpatients 24 EIA 1275 16.00% Summer and Fall [61]

Iran Infants < 1 In and Outpatients 3 IC 82 41.46% [62]
Children < 9 Inpatients 24 IC/Nested RT-PCR 80 48.75% Winter [63]
Children < 5 Inpatients 11 RT-PCR 100 30.00% G1 and G9 [64]
Children < 5 Inpatients 12 ELISA/Nested RT-

PCR
184 28.26% Fall G8 [65]

Children < 5 Inpatients 12 ELISA 2988 55.49% [66]
Children < 8 Inpatients 12 IC 50 48.00% [67]
Children < 12 Inpatients 18 EIA 827 41.96% Fall [68]
Children < 5 Inpatients 12 ELISA 180 35.00% Fall [69]
Children < 5 Inpatients 12 EIA/Nested RT-

PCR
138 34.78% Winter G4 [70]

Children < 7 Inpatients 24 EIA 375 24.27% Winter [71]
Children < 18 Inpatients 12 PAGE/RT-PCR 105 20.00% Fall G1[P8] [72]
Children < 5 Inpatients 12 EIA/Nested RT-

PCR
163 46.01% Winter G4 [73]

Children < 5 Inpatients 12 ELISA 180 32.78% Fall [74]
Children < 5 Inpatients 24 ELISA/Nested

Multiplex RT-PCR
141 28.37% Summer G2 [73]

Children < 3 Inpatients 24 ELISA 511 55.58% Fall and Winter [75]
Children < 5 Inpatients 12 EIA/Nested

Multiplex RT-PCR
316 27.85% Fall G1 [76]

Children < 5 Inpatients 48 PAGE/Semi-
Nested Multiplex
RT-PCR

700 18.71% G1[P8] [77]

All Ages Inpatients 12 EIA 400 62.00% Winter [78]
Children < 6 Inpatients 12 LA 156 28.85% Winter [79]
Adults Community 12 RT-PCR 670 22.39% [80]
Children < 5 Inpatients 12 EIA/RT-PCR 2198 59.05% Winter G4[P8] [81]
Children < 5 Inpatients 5 ELISA/LA 102 67.65% [82]
Children < 5 Inpatients 36 EIA/PAGE 1250 32.32% Fall and Winter [83]
Children < 14 Inpatients NM ELISA 208 61.06% Spring [84]
Children < 2 Inpatients 6 LA 80 26.25% [85]
Children < 5 Inpatients 12 ELISA/RT-PCR 374 24.60% Spring and Fall G1[P8] [86]
Children < 5 Inpatients 12 ELISA/PAGE/RT-

PCR
372 25.27% Winter G1 [87]

Children < 5 Inpatients 12 ELISA 276 24.64% Winter [88]
Children < 2 In and Outpatients 5 PAGE 200 29.50% [89]
Children < 5 In and Outpatients 12 EIA/EM/PAGE/RT-

PCR
618 23.62% Winter G1[P8] [90]

Children < 5 In and Outpatients 9 ELISA 704 15.34% Spring [91]

Iraq Children < 12 Outpatients and Community 9 IC 600 7.17% [92]
Children < 5 Inpatients 12 EIA/Multiplex RT-

PCR
976 40.37% G2[P6] [93]

Children < 5 Inpatients 12 LA 259 5.79% [94]
Children < 2 In and Outpatients 6 LA 315 22.54% [95]
Children < 5 Inpatients 3 ELISA/RT-PCR 260 36.92% G1[P8] [96]
Children < 2 Inpatients 12 ELISA 200 29.50% Summer [97]
Children < 5 Inpatients 5 ELISA 268 43.28% [98]
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Table 2 (continued)

Country Population Participants’
setting

Study
period
(months)

Detection method n Positive
rate

Seasonal peaks Predominant
serotype/
genotype

Article
number

Israel Children < 5 Inpatients 48 IC 188 33.51% [99]
Children < 6 Inpatients 81 IC 3514 32.36% Winter [35]
Children < 5 In and Outpatients 84 ELISA 7584 30.85% Winter [100]
Children < 6 Outpatients 112 NM 18,133 16.05% Winter [36]
Children < 18 Inpatients 24 IC 533 37.90% [101]
Children < 3 Outpatients 4 IC 145 48.97% Winter [102]
Children < 5 Inpatients 12 IC/RT-PCR 412 39.08% Winter G1 [P8] [103]
Children < 18 Inpatients 48 ELISA 35,833 0.99% Winter [104]
Children < 5 In and Outpatients 12 ELISA 987 30.70% [105]

Jordan Children < 18 Inpatients 12 NM 1378 35.20% [106]
Children < 5 Inpatients 24 ELISA/Multiplex

Semi-Nested RT-
PCR

368 49.46% G1[P8] [107]

Children < 4 Inpatients 12 IC/RT-PCR 698 35.53% Winter G1[P8] [108]
Children < 5 Inpatients 12 ELISA 148 39.86% Fall [109]
All Ages Inpatients 48 ELISA 1028 27.14% Summer [110]
All Ages In and Outpatients 48 LA 1400 26.64% Summer and Fall [111]
Children < 5 Inpatients 8 ELISA 265 32.45% [112]

Kuwait Children < 5 Inpatients 7 ELISA/RT-PCR 172 43.60% G1 [P8] [113]

Lebanon Children < 15 Inpatients 60 LA 1395 30.61% [114]
Children < 5 Inpatients 18 EIA/RT-PCR 487 27.93% Winter G4[P8] [115]
Children < 10 Inpatients 2 IC 79 48.10% [116]

Libya Children < 5 Inpatients 9 EIA 410 58.29% Winter [117]
Children < 5 In and Outpatients 9 EIA 545 57.06% Winter [118]
Children < 5 Inpatients 9 ELISA 200 33.00% Winter [119]
Children < 5 In and Outpatients 12 EIA/Semi-Nested

Multiplex RT-PCR
520 31.54% Winter G9[P8] [120]

Children < 5 Outpatients 8 EIA 239 13.39% Fall and Spring [121]
Children < 5 Inpatients 15 LA 1046 26.96% Winter [122]
Children < 12 Inpatients 12 LA 169 26.63% Winter [123]
Children < 5 Inpatients 2 RT-PCR 73 47.95% G1 [P8] [124]

Morocco Children < 5 Inpatients 14 ELISA/RT-PCR 533 24.02% Fall and Winter G1[P8] [37]
Children < 5 Inpatients 12 Multiplex RT-PCR 122 17.21% Winter G1[P8] [38]
Children < 5 Inpatients 36 ELISA/RT-PCR 1388 41.71% Fall G1[P8] [125]
Children < 5 Inpatients 47 EIA 1841 40.25% Winter [126]
Children < 5 Inpatients 11 EIA/RT-PCR 314 43.95% Fall and Winter G1[P8] [127]

Oman Children < 6 Inpatients 12 ELISA/PAGE/RT-
PCR

310 57.42% G1[P8] [128]

Children < 5 Inpatients 24 EIA/RT-PCR 3470 49.34% Winter and Spring G2 [P4] [129]

Palestine Children < 5 Community 6 EIA 150 2.00% [130]
Children < 5 Inpatients 4 IC 150 28.00% Summer [131]

Qatar All Ages In and Outpatients 6 Multiplex rRT-PCR 288 10.42% [132]

Saudi Arabia Children < 5 Inpatients 12 ELISA/RT-PCR 970 40.72% Summer G1[P8] [133]
Children < 18 Inpatients 12 ELISA/RT-PCR 541 31.61% Fall G1[P8] [134]
Children < 2 Inpatients 12 IC/RT-PCR 80 15.00% G1[P8] [135]
Children < 6 NM 12 EM 1049 18.02% [136]
Children < 5 Inpatients 12 LA/RT-PCR 200 16.50% Summer G1[P8] [137]
All Ages Inpatients 60 ELISA/RT-PCR 1575 4.51% G4[P8] [138]
Children < 6 Inpatients 13 ELISA/RT-PCR 428 39.95% Summer G1[P8] [139]
Children < 14 Inpatients 12 EIA 301 33.55% Fall [140]
Children < 5 Inpatients 6 LA/RT-PCR 100 16.00% [141]
Children < 5 Inpatients 34 ELISA 1007 65.54% [142]
Children < 5 In and Outpatients 12 IC/ELISA 156 23.72% [143]
Children < 5 Inpatients 6 ELISA 270 22.22% [144]
Children < 5 In and Outpatients 12 ELISA/PAGE/RT-

PCR
984 19.00% Winter G1[P8] [145]

All Ages In and Outpatients 5 EIA/PAGE/Semi-
Nested Multiplex
RT-PCR/

454 11.89% G1[P8] [146]

Children < 6 In and Outpatients 12 ELISA/RT-PCR 1000 6.00% Spring G1[P8] [147]
Children < 5 Inpatients 6 EIA 284 33.10% [148]
Children < 12 In and Outpatients 72 EIA 614 25.41% [149]
Children < 5 Inpatients 12 LA/ELISA 479 10.02% [150]
Children < 5 In and Outpatients 11 ELISA/PAGE 576 16.67% G1 [151]

Sudan Children < 5 Inpatients 12 IC 437 21.97% Winter [39]
Children < 5 Inpatients 24 ELISA 10,910 36.27% Fall and Spring [152]
Children < 5 In and Outpatients 6 ELISA/PAGE 755 16.03% [153]
All Ages Inpatients 30 IC/rRT-PCR 710 11.69% Group A [154]

(continued on next page)
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Table 2 (continued)

Country Population Participants’
setting

Study
period
(months)

Detection method n Positive
rate

Seasonal peaks Predominant
serotype/
genotype

Article
number

Tunisia Children < 6 Inpatients 4 ELISA/RT-PCR 114 28.07% Winter G9[P8] [155]
Children < 5 Inpatients 24 ELISA/RT-PCR 279 23.30% Winter G3[P8] [156]
Children < 6 Outpatients and Community 12 ELISA/Multiplex

RT-PCR
178 26.97% Fall and Winter G2[P4] [157]

Children < 5 Inpatients 17 ELISA/Multiplex
RT-PCR

550 27.27% Winter G3[P8] [158]

Children < 13 In and Outpatients 36 ELISA/RT-PCR 435 28.28% Winter G1[P8] [159]
Children < 12 In and Outpatients 53 ELISA/Multiplex

Semi-Nested RT-
PCR

788 27.92% Winter G3[P8] [160]

Children < 5 In and Outpatients 45 LA/ELISA/Semi-
Nested Multiplex
RT-PCR

309 26.21% Winter G1[P8] [161]

Children < 5 Inpatients 228 ELISA 533 27.39% Winter [162]
Children < 5 NM 156 ELISA/Multiplex

Semi-Nested RT-
PCR

2428 20.96% G1 [P8] [163]

Children < 12 In and Outpatients 30 EIA/RT-PCR 632 22.47% Winter G3[P8] [164]
Children < 5 In and Outpatients 120 LA/ELISA/RT-PCR 982 22.40% G1[P8] [165]
Children < 5 In and Outpatients 24 EIA/RT-PCR 638 20.85% Winter [166]
Children < 5 Inpatients 52 LA/ELISA/PAGE/

RT-PCR
375 17.33% Winter G1 [P8] [167]

Turkey Children < 18 Inpatients 9 rRT-PCR 84 54.76% [168]
Children < 17 In and Outpatients 12 Multiplex RT-PCR 240 18.33% Summer [169]
Children < 5 Inpatients 84 IC 4702 16.95% Winter [170]
Children < 5 Inpatients 7 ELISA/RT-PCR/

PAGE
181 13.26% G9[P8] [171]

Children < 5 In and Outpatients 12 IC/Semi-Nested
Multiplex RT-PCR

1297 5.63% Winter G9 [P8] [172]

Children < 5 Inpatients 24 LA/IC/EIA/RT-PCR 2102 78.21% Winter and Spring G9[P8] [28]
Children < 16 Inpatients 12 IC 3607 16.55% Fall and Spring [173]
Children < 16 Inpatients 60 IC 3106 13.59% Winter [174]
Children < 16 Inpatients 12 IC 588 12.76% Winter and Spring [175]
Children < 18 Inpatients 12 ELISA/PCR-

Reverse Line Blot
Hybridization

495 48.08% G1[P8] [176]

Children < 5 Inpatients 48 EIA/LA 1079 26.14% [177]
Children < 6 NM 11 EIA/RT-PCR 150 23.33% G2[P4] [178]
All Ages Inpatients 24 EIA 1112 18.08% [179]
Children < 5 Outpatients 12 IC/Multiplex RT-

PCR
494 27.73% Winter G9[P8] [180]

Children < 5 Inpatients 12 IC 1543 25.02% Winter [181]
Children < 15 Inpatients 12 IC 497 20.93% Fall and Winter [182]
All Ages Inpatients 2 IC 300 0.60% [27]
Children < 6 NM 11 Multiplex RT-PCR 144 19.44% [183]
All Ages Inpatients 42 IC 2962 16.31% [184]
Children < 6 In and Outpatients 8 EIA/RT-PCR 675 8.00% G2[P4] [185]
Children < 5 Inpatients 12 ELISA/RT-PCR 338 52.96% Winter G1[P8] [186]
Children < 18 Inpatients 12 IC 961 30.07% [187]
Children < 5 In and Outpatients 40 ELISA/PAGE/RT-

PCR
470 28.51% Winter G1[P8] [188]

All Ages Inpatients 12 IC 672 18.75% [189]
Children < 18 Outpatients 52 NM 1950 17.54% [190]
Children < 5 In and Outpatients 16 EIA/RT-PCR 322 39.75% Fall and Winter G1[P8] [191]
Children < 5 Inpatients 3 IC 100 25.00% [192]
All Ages Inpatients 12 IC 66 4.55% [193]
Children < 17 Inpatients 33 IC 1099 36.76% Winter [194]
Children < 7 Inpatients 21 EIA/LA/PAGE/RT-

PCR
508 23.43% G4[P8] [195]

Children < 3 Outpatients 6 LA/ELISA/PAGE 135 15.56% [196]
Children < 5 Inpatients 12 ELISA/RT-PCR 920 39.78% Winter G1 [197]

UAE Children < 5 Inpatients 12 EIA/RT-PCR 758 50.26% Winter G1[P8] [198]
Children < 5 Inpatients 12 NM 970 24.74% Winter [199]
All Ages Inpatients 12 IC 911 25.03% [200]

Yemen Children < 5 In and Outpatients 84 EIA 5495 35.30% Fall [201]
Children < 5 Inpatients 16 ELISA/PAGE/RT-

PCR
795 45.03% Summer G2[P4] [202]

Children < 5 In and Outpatients 17 ELISA/RT-PCR 290 26.90% G1[P8] [203]
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Table 3
Percentage of rotavirus infection stratified by age and setting in the MENA region, 2000–2015.

Studies (n) Patients (n) Percentage of rotavirus prevalence (95% CI) Test for heterogeneity (I2)

Inpatients
<2 yearsb 3 360 24% (20–29) 99.96%
<4 yearsb 3 1735 25% (23–26) 99.96%
<5 yearsa 70 55,342 34% (30–38) 99.09%
<6 yearsa 5 4522 37% (28–47) 95.24%
Othera 39 67,415 27% (23–31) 99.85%

Outpatients
<2 yearsc 1 348 40% (35–45) –
<4 yearsb 2 280 28% (23–33) 99.96%
<5 yearsb 3 2845 10% (9–11) 99.96%
<6 yearsc 1 18,133 16% (15–16) –
Otherb 2 2450 20% (19–22) 99.96%

In- and outpatients
<2 yearsa 4 794 33% (24–41) 85.83%
<5 yearsa 19 23,664 26% (20–31) 98.97%
<6 yearsa 4 3128 14% (7–20) 96.72%
Othera 10 5681 23% (16–30) 97.85%

Community
<5 yearsc 1 150 2% (0.4–5) –
NMc,d 1 47 19% (9–33) –
Otherc,e 1 670 22% (19–25) –

a Random effect model.
b Fixed effect model.
c Exact Clopper Pearson estimate.
d NM: age not mentioned in the study.
e Other: study includes participants whose age is either less than 7, 8, 9, 10, 12, 13, 14, 15, 16, 17, or includes all ages.

Table 4
The meta-analysis of the percentage of Rotavirus genotypes in studies of the MENA region, 2000–2015.

Genotype Studies (n) Patients (n) Percentage of rotavirus prevalence (95% CI) Test for heterogeneity (I2)

G1P[8] 37 19,919 32% (27–36) 98.23%
G2P[4] 6 5498 35% (16–54) 99.52%
G9P[8] 6 5278 31% (�2 to 63) 99.89%
G3P[8] 5 2446 27% (23–32) 81.43%
G4P[8] 4 4768 29% (�2 to 59) 99.86%
Other 14 5961 30% (23–37) 97.64%
Not reported 97 144,262 28% (25–32) 99.74%
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Arabia, 7/10 (70%); Tunisia, 4/13 (31%); Turkey, 9/32 (28%)
(Table 2). The remaining studies reported on hospitalization due
to RV-associated gastroenteritis on diverse age categories includ-
ing less than 2, 6, 12, or 18 years with few studies combining both
in- and out-patients being slightly common as well. A notable vari-
ability in the sample size was observed between studies and within
studies originating from the same country (Table 2). The stratified
analysis by age and setting showed that the highest percentage of
rotavirus-associated gastroenteritis was among outpatients stud-
ies including children aged under the age of 2 years (40%) (Table 3).
The lowest percentage of RV-associated gastroenteritis was
observed in community-based studies including patients under
the age of 5 years (2%). Among studies reporting on RV-
gastroenteritis in hospitalized children, 37% and 34% were reported
among children less 6 and 5 years old, respectively.

When assessing the circulating RV genotype in MENA countries,
the following genotypes were reported during the course of
16 years (2000–2015): G1[P8] (37 studies, 55.2%), followed by G2
[P4] (6 studies, 9.0%), G9[P8] (6 studies, 9.0%), G3[P8] (5 studies,
7.5%), G4[P8] (4 studies, 6.0%) and G2[P6] (1 study, 1.5%). A clear
lack of data exists on circulating RV genotypes in many countries
of the MENA region. This lack of data is coupled with the use of
rapid detection methods such as EIA, IC, LA and ELISA to report
RV-associated gastroenteritis whereas data from countries report-
ing the circulating RV genotypes generally relied on RT-PCR for
diagnostics (Table 2). Table 4 shows the meta-analysis of the per-
centage of each RV genotype combination. We present the geno-
type combinations along with the corresponding number of
studies reporting the latter in different settings aligned with the
corresponding pooled RV percentage prevalence. Our results show
that the most prevalent G-P combinations reported in countries of
the MENA region between 2000 and 2015 were G2P[4] (35%), fol-
lowed by G1P[8] (32%), and G9P[8] (31%).

Fig. 2 presents the number of studies reporting seasonal peaks
of RV in the region. RV activities peaked during the winter season
in Egypt, Iran, Israel, Jordan, Lebanon, Libya, Morocco, Oman, Saudi
Arabia, Sudan, Tunisia, Turkey and UAE (62 studies). Fall peaks
were also reported in Egypt, Iran, Jordan, Libya, Morocco, Saudi
Arabia, Sudan, Tunisia, Turkey and Yemen (27 studies). Interest-
ingly, summer peaks were observed along with fall peaks in Egypt,
Iran, Iraq, Jordan, Saudi Arabia, Turkey and Yemen (13 studies).
4. Discussion

This systematic review provides an update on the epidemiology
of RV-associated gastroenteritis in countries of the MENA region.
Data from the MENA region show that RV continues to inflict a sub-
stantial burden, particularly among children less than five years of
age. According to the World Bank classification, countries of the
MENA region reporting on RV during 2000–2015 are classified
into: low middle-income countries (LMIC) (Egypt, Morocco, Sudan,
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Fig. 2. Number of studies reporting seasonal peaks of RV infection in MENA countries between 2000 and 2015.

6054 H. Zaraket et al. / Vaccine 35 (2017) 6047–6058
Tunisia and Yemen); upper middle-income countries (Iran, Iraq,
Jordan, Lebanon, Libya and Turkey) as well as high-income coun-
tries (HIC) (Bahrain, Israel, Kuwait, Oman, Qatar, Saudi Arabia
and United Arab Emirates). Our results show that LMIC, UMIC
and HIC reported variable rates of RV infection respectively: 8–
77%, 0.6–68%, 11–65% (Table 1). These rates are reported among
different age groups and across different settings (inpatient, outpa-
tient and community).

While RV is associated with AGE among children, recent studies
show that other age groups including the elderly are also consid-
ered at high risk due to the viral mode of transmission and severity
of symptoms [29]. Only 14 studies on RV were conducted among
all age groups in the MENA region. Consequently, more studies
are needed to assess the burden of RV-associated gastroenteritis
among these age groups as well as elderly and immunocompro-
mised patients.

The molecular epidemiology of RV circulating strains has been
assessed in numerous studies in different regions of the world.
G1[P8] is the most prevalent RV group causing diarrhea in North
America (73%), Australia (82%), Europe (72%), South America
(34%) and Asia (34%) [30,31]. While G1[P8] remains the predomi-
nantly circulating genotype globally, other RV genotypes have
been reported to co-circulate including G2[P4], G3[P8], G4[P8]
and G9 in addition to mixed RV infections occurrences [31]. Our
review shows that G2[P4] followed by G1[P8] were predominantly
reported in the MENA region. Moreover, the region is similar to
other parts of the world whereby G2[P6], G3[P8], G4[P8] and G9
[P8] were also reported. Our review highlights the lack of studies
comparing the genetic relatedness of different genotypes across
the MENA region. The temporal variation of RV genotypes within
and between countries and the genetic strain evolution would
require further investigation [32].

When assessing the seasonal pattern of RV, our results con-
firmed that the virus was prevalent all year round in MENA coun-
tries with clearly detected seasonal peaks. The most detectable
peaks were during the winter season (55% of studies), followed
by the fall (24% of studies). Our results are compatible with glob-
ally reported seasonality studies in Europe, North America and
Oceania where RV infection mainly peaks during winter months
[33]. The attempts to link RV infection to seasonality in the region
are compromised by the lack of data from many LIC, lack of sen-
tinel surveillance systems as well as the variability in study design,
the lab assays used, and the reporting of data. We suggest further
investigational studies on the seasonality of RV infections in order
to address the inconsistent and variable reports the MENA region
[34].

Importantly, our systematic review identified only 4 studies
conducted on RV-associated gastroenteritis following the introduc-
tion of the vaccine among children less than 5 years in the MENA
region between 2000 and 2015. These studies originated from
Israel (n = 2) [35,36], Morocco (n = 2) [37,38], and Sudan (n = 1)
[39]. While the latter did not advance data comparing RV-
associated gastroenteritis prior to and following the introduction
of rotavirus vaccine, the former (studies from Israel and Morocco)
reported significant decline in hospitalizations caused by RV-
associated gastroenteritis among children less than 5 years old.
More studies are needed in the MENA region to monitor the impact
of rotavirus vaccination on the reduction of hospitalization and
clinic visits due to RV-associated gastroenteritis.

The Global Rotavirus Sentinel Hospital Surveillance Network
includes 68 countries with only 7 out of 24 MENA countries being
part of this network [22]. Data collected through the network are
on children less than 5 years of age hospitalized for treatment of
RV-associated gastroenteritis, regional detection in stool samples,
genotype distribution by WHO region. A global median RV detec-
tion of 31% was reported and variable regional ones. The small
number of countries contributing to this network highlights a crit-
ical gap in data on RV in the region; this exerts a direct impact on
the development of targeted prevention and control strategies in
the region. Our review clearly shows that RV continues to pose a
significant burden in MENA countries; consequently, we highly
recommend monitoring RV infection and associated outbreaks
and further molecular characterization of RV genotype prevalence
to enhance the selection and implementation of vaccines [32].

Our systematic review has a number of limitations. Data on RV-
associated gastroenteritis and strain information are not available
for many countries of the region. Moreover, the studies included
in this review may not be representative. Moreover, the compara-
bility between studies is hampered by variability in study design
including age groups and methods of detection. Our review reveals
high heterogeneity in the reporting of circulating strains or geno-
types between countries. The majority of studies in this review
reporting the genotypes of RV-associated gastroenteritis used RT-
PCR and related molecular techniques. However, 97 studies did
not report on RV genotypes. Data on the circulating RV genotypes
are critical to assess the impact of rotavirus vaccines against preva-
lent strains in different countries of the MENA region. Similarly, we
observed high heterogeneity among RV-associated gastroenteritis
by age and setting. This could be caused by the disproportional dis-
tribution of the number of studies across age groups, where the
majority of articles (70 articles) studied inpatient children under
the age of 5 years.

Data related to the direct medical cost of hospitalized children
at the national level as well as the indirect non-medical cost per
hospitalized children are lacking in the MENA region; the latter
includes the reduction or loss in caregiver productivity due to hos-
pitalization among other factors as previously described [40].
Moreover, cost-effectiveness studies on RV immunization such as
the ones conducted in the US [41] and Europe [42], are urgently
needed in our region.

In conclusion, this updated review provides a current under-
standing of the persistent burden of RV in the MENA region among
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different age groups and provides additional support to evaluate
the implementation of using rotavirus vaccines in the region.
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