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a b s t r a c t

Acute gastroenteritis is the cause of considerable mortality and morbidity worldwide, particularly among 
children under five years in underdeveloped countries. Most acute gastroenteritis (AGE) cases are attributed 
to viral etiologies, including rotavirus, norovirus, adenovirus, astrovirus, and sapovirus. This paper aimed to 
determine the prevalence rate of different viral etiologies of AGE in the Middle East and North Africa 
(MENA) region. Moreover, this paper explored rotavirus phylogenetic relatedness, compared VP7 and VP4 
antigenic regions of rotavirus with vaccine strains, and explored the availability of vaccines in the MENA 
region. The literature search identified 160 studies from 18 countries from 1980 to 2019. The overall pre-
valence of rotavirus, norovirus, adenovirus, astrovirus, and sapovirus were 29.8 %, 13.9 %, 6.3 %, 3.5 %, and 3.2 
% of tested samples, respectively. The most common rotavirus genotype combinations in the MENA region 
were G1P[8], G9P[9], and G2P[4], whereas GII.4 was the predominant norovirus genotype all of which were 
reported in almost all the studies with genotyping data. The comparison of VP7 and VP4 between circu-
lating rotavirus in the MENA region and vaccine strains has revealed discrete divergent regions, including 
the neutralizing epitopes. Rotavirus vaccine was introduced to most of the countries of the MENA region; 
however, only a few studies have assessed the effectiveness of vaccine introduction. This paper provides a 
comprehensive update on the prevalence of the different viral agents of AGE in the MENA region.
© 2022 The Authors. Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for Health 
Sciences. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/ 

4.0/).

1. Introduction

Acute Gastroenteritis (AGE) is a common cause of gastro-
intestinal diseases in both developed and developing countries. It is 
characterized by inflammation of the stomach, small intestine, or 
large intestine accompanied by symptoms including diarrhea, fever, 
vomiting, abdominal cramps, lethargy, dehydration, and nausea [1]. 
Annually there are more than four million episodes and around 
34,000 deaths due to diarrheal diseases in the MENA region [2]. 
Further, diarrhea is the second leading cause of preventable death in 

children under five years of age [3], [4]. Different bacterial, viral, or 
parasitic agents are known to cause AGE; however, most AGE cases, 
particularly in children, result from viral infections [5]. The most 
common viruses associated with AGE are rotavirus, norovirus, as-
trovirus, adenovirus, and sapovirus. The transmission of infectious 
AGE occurs via various routes, but primarily the fecal-oral route is 
the main route of disease spread [6]. The features of the most 
common viral agents of AGE are shown in Fig. 1.

Rotavirus belongs to the Reoviridae family. It is a non-enveloped 
virus consisting of 11 segments of double-stranded RNA (dsRNA) 
genome enclosed by a triple-shelled capsid; these segments encode 
six nonstructural and six structural viral proteins [7]. The middle 
layer protein VP6 determines the group and subgroup specificity of 
rotavirus. To date, nine rotavirus serogroups have been described, A 
through I, four of which (groups A, B, C, and H) are capable of in-
fecting humans [7,8]. Group A is the most important clinically as it is 
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the primary cause of severe gastroenteritis in children below five 
years of age in both developed and developing countries [9]. Rota-
virus group A is further classified based on outer capsid proteins VP7 
(G protein) and VP4 (P protein) that elicit neutralizing antibodies. 
Currently, there are 37G (G1-G37) and 51P (P[1]-P[51]) rotavirus 
genotypes recognized in humans and animal species [10]. Globally, 
G1, 2, 3, 4, and 9 combined with P[4] or P[8] form the most common 
genotypes in humans [11].

Norovirus is the most common causative agent of AGE in all age 
groups worldwide and is associated with sporadic cases and AGE 
outbreaks in different settings. Moreover, in countries with high 
rotavirus vaccine coverage, norovirus replaced rotavirus as the 
leading cause of pediatric AGE [6–8]. Norovirus belongs to the Ca-
liciviridae family and harbors a positive-sense single-stranded RNA 
genome. Norovirus is genetically classified into ten different gen-
ogroups (G1-GX), depending on the VP1 capsid sequences, of which 
GI, GII, and GIV are known to infect humans [12]. Multiple genotypes 
have been identified within these genogroups, where GII.4 is the 
most significant genotype and has caused many pandemics. Through 
its continuous antigenic drift, new variants of GII.4 arise every two to 
three years [13,14]. In addition, a new GII.17 genotype has emerged 
worldwide and has become the predominant genotype in several 
countries [15].

Human adenoviruses are members of the genus Mastadenovirus 
of the Adenoviridae family, which contains seven known species, A to 
G, which can cause a broad spectrum of diseases. Human adenovirus 
is the largest non-enveloped, double-stranded, linear DNA virus [16]. 
Adenovirus species F, types 40 and 41, are associated with gastro-
enteritis hence the name enteric adenoviruses. Enteric human ade-
novirus is the third leading cause of non-bacterial diarrhea among 
children and is associated with sporadic disease and outbreaks of 
acute diarrhea [17,18].

Astroviruses are small non-enveloped viruses harboring a single- 
stranded, positive-sense RNA genome belonging to the Astroviridae 
family [19]. After rotavirus, astrovirus is considered the second most 
common cause of AGE in children that present with mild infections 
[20]. It is also known to cause diarrhea in the elderly and im-
munocompromised patients [21].

Sapovirus belongs to the genetic cluster (genus) in the 
Caliciviridae family, which harbors a positive-sense, single-stranded 
RNA genome. Like norovirus, sapovirus can cause AGE sporadically 

or in outbreaks among people of all ages but does not usually require 
hospitalization since the symptoms are generally mild [22].

This article aims to further the knowledge of the common viral 
agents associated with AGE in the MENA region among children and 
adults through a comprehensive update on the prevalence and 
molecular epidemiology of AGE viruses. Also, this paper examined 
the phylogenetic diversity of rotavirus, compared the VP7 and VP4 
antigenic regions of rotavirus from MENA countries with vaccine 
strain, and discussed the availability of rotavirus vaccine in the 
MENA region.

2. Method

2.1. Search strategy

For this paper, an extensive literature search was conducted 
using PubMed, ScienceDirect, and Google scholar for all the studies 
published online reporting the causative agents of viral gastro-
enteritis in countries of the MENA region between January 1980 and 
December 2019. Search keywords included: viral gastroenteritis, 
rotavirus, norovirus, adenovirus/enteric adenovirus/adenovirus 40/ 
41, astrovirus, and sapovirus. The list of references from relevant 
studies was hand-searched to expand the search further to include 
additional articles.

2.2. Inclusion and exclusion criteria and data extraction

All studies that reported the etiology of viral gastroenteritis in 
children and/ or adults in the MENA region using different detection 
methods were considered for this paper. Studies were excluded if 
they were in languages other than English, not between 1980 and 
2019, conference or review papers, community-based, and reported 
nosocomial infections or an outbreak. For each study, the following 
information was extracted: first author, publication year, country, 
study period, age of patients, sample size, detection method, number 
of positive samples, rotavirus G and P types combination, and NoV 
genotypes (if reported). The pooled prevalence data were stratified 
by age (children/ adults), detection method, and reporting countries. 
The mean prevalence data were presented by taking the mean of the 
percentage prevalence of all studies reporting the prevalence of the 
different etiological agents. Similarly, age, detection method, 

Fig. 1. The common viral agents of acute gastroenteritis and their features. 
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countries, rotavirus genotypes, and NoVgenotypes were represented 
as mean percentages. Studies reporting rotavirus G-P combinations 
and NoV genotypes were categorized by country.

2.3. Phylogenetic and sequence analysis

Nucleotide and amino acid sequences for the two rotavirus seg-
ments VP4 and VP7 from the MENA region were retrieved from the 
rotavirus database available at the NCBI Virus variation resource 
[23]. The most recent sequences with partial length available for 
each country were selected. Briefly, multiple sequence alignments 
were performed using CLUSTAL W in MEGA X software [24]. The 
phylogenetic analysis was also conducted in MEGA X using the Ki-
mura2 parameter model and neighbor-joining method for tree 
construction [25,26]. The statistical significance was assessed by 
bootstrapping analysis with 1000 pseudoreplicates. The sequences 
of Rotateq and Rotarix vaccine strains and the representative strains 
were accessed from GenBank.

3. Results

3.1. Characteristics of included studies

The literature search identified a total of 160 articles that met the 
inclusion criteria. These studies were conducted between 1980 and 
2019, with a duration varying between 1 month to 10 years, and 
included both children and adults. Data on the prevalence of viral 
gastroenteritis was available from the following countries: Bahrain 
[27,28], Egypt [29–45], Iran [46–67], Iraq [68–91], Israel [92–99], 
Jordan [100–107], Kuwait [108–113], Lebanon [114–121], Libya 
[122–129], Morocco [130–133], Oman [134–137], Palestine [138], 
Qatar [139–142], Saudi Arabia [143–161], Sudan [162–168], Tunisia 
[169–179], United Arab Emirates (UAE) [180–182], and Yemen 
[183–186]. The specimens were mostly tested by enzyme-linked 
immunosorbent assay (ELISA), enzyme immunoassay (EIA), and 
polymerase chain reaction (PCR), among other methods like im-
munochromatography (IC), latex agglutination (LA), polyacrylamide 
gel electrophoresis (PAGE), and electron microscopy (EM).

3.2. Etiology of viral gastroenteritis

Out of the 160 selected studies, 134 (83.8 %) reported the pre-
valence of rotavirus, while about two-thirds of the studies reported 
norovirus (28.1 %) and adenovirus (26.9 %) prevalence. Astrovirus 
and sapovirus were reported in 30 (18.8 %) and 7(4.4 %) studies, 
respectively. Overall, the most common virus associated with gas-
troenteritis was rotavirus, with a pooled prevalence of 28.9 % (95 % 
CI 26.5, 31.4), followed by norovirus 13.9 % (95 % CI 11.0, 16.9), 
adenovirus 6.3 % (95 % CI 4.3, 8.3), astrovirus 3.5 % (95 % CI 0.9, 8.0), 
and sapovirus 3.2 % (95 % CI 0.0, 8.0) as depicted in Table 1 and 
Fig. 2A.

3.3. Etiological agents stratified by age, detection method, and country

A large majority of the studies (98.8 %) focused on children under 
five years, while only 11 studies involved adults. However, in the 
final analysis, the prevalence by age for adults was obtained from 5 
studies because precise age data was not reported in 6 studies. As 
shown in Table 2 and Fig. 2B, the prevalence of rotavirus (29.2 %), 
adenovirus (6.7 %), and astrovirus (5.0 %) were significantly higher in 
children compared to adults. In comparison, norovirus was more 
prevalent in adult patients (20 %) compared to children (14.2 %). 
Among adult patients, the detection rates of rotavirus, adenovirus, 
and astrovirus were 5 %, 4 %, and 0.4 %, respectively.

Regarding diagnostics, most studies relied on ELISA or EIA to 
detect rotavirus infection yielding the highest detection rate (32.7%), Ta
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while RT-PCR, LA, and IC showed comparable detection rates (about 
25 %). Whereas for norovirus, the most utilized detection method 
was RT-PCR, with the highest detection rate (15.3 %) compared to 
other detection methods. RT-PCR detected more adenovirus and 
astrovirus infections than the other methods (Table 2 and Fig. 2C).

Country wise, most of the studies were from Iraq (n = 24), Iran 
(n = 20), Saudi Arabia (n = 19), and Egypt (n = 17). All the 18 countries 

included in this paper have reported the prevalence of rotavirus in at 
least one study. Moreover, apart from Bahrain, Oman, and Palestine, 
all the included countries within the MENA region reported nor-
ovirus prevalence. Thirteen countries have reported the prevalence 
of adenovirus, while 12 countries reported the prevalence of astro-
virus. Regarding the prevalence of rotavirus, Qatar has reported the 
lowest mean prevalence (14 %), followed by Sudan (18%) and Tunisia 

Fig. 2. Mean prevalence (%) of viral gastroenteritis in the MENA region stratified by A) The different viral agents, B) Age, C) Detection method, and D) Reporting countries. EIA, 
enzyme immunoassay; ELISA, enzyme-linked immunosorbent assay; PCR, polymerase chain reaction; RT-PCR, reverse transcription- polymerase chain reaction; IC, im-
munochromatography; LAT, latex agglutination; n, represent number of studies.

I. Elbashir, N.F. Aldoos, S. Mathew et al. Journal of Infection and Public Health 15 (2022) 1193–1211

1196



(20 %). On the other hand, the highest prevalence was observed in 
Oman (47 %), followed by Libya (41 %) and Jordan (37 %). The re-
ported prevalence of norovirus ranged from 3% as reported in Saudi 
Arabia and 18 % in Egypt. Across all the countries, adenovirus and 
astrovirus were less frequently detected; with the most prevalence 
rate of adenovirus found in UAE (13 %), followed by Iraq (12 %); while 
astrovirus was most prevalent in Iraq (12 %) and the UAE (6 %). The 
results are shown in Table 2 and Fig. 2D.

3.4. Distribution of rotavirus G and P genotype combinations

Of the 160 studies, 42 studies reported the distribution of G and P 
types of rotavirus. These studies were reported from 17 countries 
between 1995 and 2019, most of which used RT-PCR for genotyping. 
Overall, a total of 5528 rotavirus strains were detected in the MENA 
region, with eight different G types (G1-G5, G8, G9, and G12) and six 
P types (P [4], P [6], P [8]-P [10], and P [14]) forming at least 28 
different G-P genotype combinations (Table S.1 and Fig. 3). As shown 
in Fig. 3, the overall distribution of rotavirus genotype combinations, 
where G1P[8] (2268, 41 %) was the most common genotype, fol-
lowed by G9P[8] (703, 12.7 %), G2P[4] (670, 12.1 %), G4P[8] (314, 5.7 
%), and G3P[8] (274, 5 %). G1P[4] (82, 1.2 %) and G2P[8] (71, 1.3 %) 
were also identified but at a lower frequency. Furthermore, rare 
genotype combinations (each with frequency < 1%), untypable and 
partially typable genotypes, and mixed genotypes accounted for 7 % 
(n = 372), 8 % (n = 448), and 5 % (n = 285), respectively. It is worth 
noting that the four globally common G-P combinations (namely, 
G1P[8], G2P[4], G3P[8], and G9P[8]) accounted for 71 % of all the 
circulating genotypes in the MENA region, however, when these 
global G-P combinations were broken down by country certain 
variations in the distribution were observed. For instance, these four 
common combinations in Egypt, Iran, Iraq, Oman, and Qatar showed 
lower frequency ranging from 49 % to 65 %. On the other hand, 
higher frequencies (< 80 %) of these common genotypes were ob-
served in Sudan (100 %), Libya (93 %), and Bahrain (88 %). Notably, 
G1P[8] and G9P[8] were detected across all the countries within the 

MENA region, although the proportion varied depending on the 
countries. In addition to the common genotypes, unusual G and P 
combinations were also observed in at least six countries, including 
G1P[6], G12P[8], G3P[4], G9P[6], and G9P[4], collectively accounting 
for 3 % of the identified genotypes. The proportion of these unusual 
genotypes was higher in Israel and Iraq than in Yemen and Morocco. 
The percentage of mixed genotypes was reported in 9 countries, 
ranging from 16% in Kuwait to 0.5 % in Libya. Meanwhile, the per-
centage of untypable (or partially typable) G and P genotypes was 
reported in 10 countries, with the highest percentage in Oman (28%) 
and the lowest in the UAE (1%).

The temporal distribution of the circulating rotavirus genotypes 
was analyzed in seven countries, reporting 20 studies conducted 
over different periods, as depicted in Fig. 4. G1P [8] was the domi-
nant genotype across each period in Egypt, Lebanon, Saudi Arabia, 
and Tunisia over at least ten years; but, the proportion of G1P[8]
varied over time and between the countries. For instance, in Iran and 
Yemen, the proportion of G1P[8] substantially declined from 58 % to 
9 % and from 51 % to 19 %, respectively. G9P[8] was detected in 
periods in the seven countries (except Iran 2004–2008, Oman 2005 
and 2006–2008), which relatively increased or remained constant, 
except in Yemen. Similarly, G2P[4] was detected across all the per-
iods in the seven countries (except Egypt 2010–2012, 2015–2016, 
and Iran 2004–2008); however, it relatively decreased or remained 
constant, except in Tunisia and Yemen. G4P[8] slightly increased in 
Iran, Saudi Arabia, and Tunisia over time but decreased in Lebanon. 
The emergent G12 with P[6] or P[8] was initially reported in Egypt in 
2006 and 2007; moreover, it was also detected in Iran, Israel, Le-
banon, Oman, Saudi Arabia, Tunisia, and Yemen (data not shown).

3.5. Distribution of NoV genotypes

Data on the circulating norovirus genotypes was available for 12 
countries reporting a total of 14 studies [33], [56], [78], [91], [96], 
[105], [111], [117], [124], [131], [141], [174], [178], [184]. The sum-
mary proportions for each genotype are shown in Fig. 5 and Table 

Table 2 
Summary of the studies (n = 160) reporting the prevalence of viral gastoenteritis in the MENA region. 

No. Of Studies Rotavirus Norovirus Adenovirus 40/41 Astrovitus

Age
Children 158 29.2 (26.9, 31.6)a 14.2 (11.3, 17.2) 6.7 (4.6, 8.8) 5.0 (1.4, 8.7)
Adults 5 5.0 (0.9, 9.1) 20.0 (0.0222.6) 3.6 (0.3, 6.8) 0.4 (0.0, 5.5)
Detection Method
EIA/ELISA 86 32.7 (29.5, 35.9) 12.3 (5.7, 19.0) 4.7 (3.5, 5.9) 2.5 (1.4, 3.5)
PCR/RT-PCR 48 20.1 (12.9, 27.3) 15.3 (11.9, 18.6) 9.9 (2.8, 17.0) 8.7 (0.1, 17.2)
LAT 24 24.5 (19.1, 29.8) – 2.3 (0.0, 23.9) –
IC 17 23.8 (18.3, 29.4) 6.2 (0.0, 22.9) 6.5 (2.4, 10.7) 0.5 (0.0, 2.7)
Country (period)b

Bahrain (1998–2007) 2 22.2 (19.5,25.1) – 0.6 (0.2,1.6) –
Egypt (1995–2019) 17 28.9 (21.4,36.4) 18.3 (8.7, 28.4) 8.0 (1.4, 14.5) 4.4 (0.0, 8.7)
Iran (2001–16) 20 36.3 (28.6, 43.9) 9.8 (4.9, 14.6) 4.5 (1.2, 7.9) 2.6 (1.7, 3.5)
Iraq (1998–2019) 24 26.0 (18.3, 33.7) 16.2 (7.5, 25.0) 11.7 (0.8, 22.6) 12.2 (0.0, 40.2)
Israel (2003–13) 9 32.9 (21.8, 43.9) 17.3 – –
Jordan (1992–2008) 7 36.9 (30.4, 43.5) 11.4 – –
Kuwait (1980–2017) 6 24.7 (5.1, 44.3) 6.0 (0.0, 14.8) 7.2 (0.0, 30.1) 1.9
Lebanon (2007–18) 8 26.6 (15.8, 37.4) 8.6 (0.0, 42.1) 4.7 (0.0, 9.6) 0.0
Libya (2000–13) 8 40.6 (26.5, 54.7) 16.5 (3.8, 29.2) 7.1 1.7
Morocco (2006–13) 4 30.8 (13.1, 48.5) 8.5 (0.0, 105.7) – 4.9
Oman (1990–2013) 4 48.5 (47.5, 49.5) – 4.0 (1.9, 7.7) –
Palestine (2005) 1 28.0 (21.0,35.9) – – –
Qatar (2009–19) 4 13.7 (0.0, 46.8) 20.7 (0.0, 56.5) 3.5 (0.0, 38.2) 0.6 (0.0, 3.7)
Saudi Arabia (1992–2017) 19 23.3 (16.2, 30.5) 2.7 (0.0, 8.6) 4.3 (1.6, 7.0) 2.8 (0.0, 5.6)
Sudan (2006–17) 8 17.5 (7.1, 28.0) 17.0 (0.0, 167.5) 1.9 (0.0, 5.7) 1.5 (0.0, 20.6)
Tunisia (1995–2017) 12 20.0 (14.6, 25.4) 22.6 (0.0, 53.5) 4.6 (0.0, 12.2) 5.6 (0.0, 24.0)
UAE (1990–2019) 3 19.8 (17.2, 22.5) 16.7 (12.5, 21.6) 13.4 (9.6, 18.0) 1.4 (0.4,3.7)
Yemen (2006–14) 4 34.4(21.9, 46.9) 10.0 – –

EIA, enzyme immunoassay; ELISA, enzyme-linked immunosorbent assay; PCR, polymerase chain reaction; RT-PCR, reverse transcription- polymerase chain reaction; IC, im-
munochromatography; LAT, latex agglutination

a Values represent mean prevalence (95 % CI)
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S.2. These studies were conducted between 2003 and 2018 and de-
scribed 28 genotypes, where 11 genotypes belonged to GI genogroup 
and 17 to GII genogroup. Overall, GII.4 was the most common and 

widely distributed genotype reported in all the countries (n = 12) 
and represented 54% of all norovirus genotypes. GII.4 was the pre-
dominant genotype in all the reporting countries apart from Jordan 

Fig. 3. Geographical distribution of rotavirus G and P genotype combinations in the MENA region. Other include rare genotypes (overall proportion < 1%). Mixed represent 
infections with multiple G and/or P genotypes. Untypable include untypable samples for G and/or P genotypes.

Fig. 4. Temporal distribution of rotavirus G and P genotypes observed in selected courtiers across the MENA region. 
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and Tunisia. The second most common genotype was GII.3, which 
was detected in 10 countries accounting for 20 % of detected nor-
ovirus genotypes, and was the predominant genotype in Jordan and 
Tunisia. GII.2 and GII.6 accounted for 10 % of all the genotypes and 
were reported in 5 and 6 countries, respectively. Other norovirus 
genotypes were detected in a few countries (at least four countries) 
with lower prevalence (< 2 % each), including GI.3, GII.13, GII.1, GII.21, 
and GI.6.

3.6. Phylogenetic analysis of circulating rotavirus strains in the MENA 
region

Phylogenetic analysis was performed on partial-length nucleo-
tide sequences of VP7 and VP4 genes available from 10 countries of 
the MENA region (namely, Egypt, Iran, Iraq, Jordan, Kuwait, Lebanon, 
Libya, Morocco, Saudi Arabia, and Tunisia). The G1, G2, G3, G4, G8, 
G9, and G12 VP7 tree was constructed based on 32 strains from the 
MENA region in addition to 4 representative strains and five vaccine 
strains (Fig. 6A). The lineages of the specific genotypes were as-
signed based on previous literature [187]. The G1 strains from the 
MENA region clustered in two lineages (lineage I and III), while the 
Rotarix and Rotateq vaccine strains clustered in lineage II and III, 
respectively. Lineage I encompassed most of the G1 strains of the 
MENA region, including strains from Kuwait (2016), Iraq (2017), 
Morocco (2012), Tunisia (2010), and Lebanon. G1-lineage III con-
sisted of two strains (Saudi Arabia 2013 and Iran 2010) co-clustered 
with a strain from Pakistan reported in 2015. Within the G2 strains, 
limited genetic diversity was observed; however, these sequences 
were collected from different countries (Morocco, Iraq, Iran, and 
Tunisia) in different years (2007, 2014, and 2017); also, these se-
quences showed close similarity with the Rotateq vaccine strain 
(SC2–9). Of the four G3 strains, two strains (Kuwait 2016 and Tunisia 
2010) clustered closely with Rotateq vaccine strain (WI78–8), while 
the strains from Iraq (2017) and Israel (1985) clustered together. G4 
strains of the MENA region clustered closely with Rotateq vaccine 
strain (BrB-9). The G9 strains from Tunisia, Libya (2008), and Egypt 
(2012) were phylogenetically distinct from those isolated from Saudi 

Arabia, Kuwait (2016), Iran, and Iraq. There was significant genetic 
diversity among the G12 strains from the MENA region.

The P[4] and P[8] VP4 phylogenetic tree was constructed based 
on 16 strains from the MENA region with eight representative and 
two vaccine strains (Fig. 6B). The P[4] component of the selected 
sequences of the MENA region clustered into three distinct lineages 
II, IV, and V. The strains clustering in P[4]-lineage II (Lebanon 2012 
and Iraq 2017) showed close similarity with a Japanese strain re-
ported in 2016. Four P[4] strains from the MENA region clustered 
into lineage IV, in which the strain from Saudi Arabia (2013) grouped 
closely with the strain isolated from India in 2013, while the strains 
from Iran, Morocco (2012), and Tunisia (2006) clustered together. 
Lineage V of P[4] consists of a strain from Kuwait (2016) clustered 
with a strain from Pakistan isolated in 2016. The P[8] strains from 
the MENA region clustered into lineage III and IV. The Rotarix and 
Rotateq belong to lineages I and II, respectively. The majority of the P
[8] strains clustered into lineage III, where the strains from Saudi 
Arabia, Iran (2013), and Iraq (2017) clustered closely with the USA 
(2011) strain. The strains from Lebanon (2013), Morocco (2009), and 
Tunisia (2012) grouped closely with a strain isolated from Pakistan 
in 2015 (PAK37), while the strain from Kuwait (2016) clustered with 
another strain isolated from Pakistan in 2015(PAK88). Two strains 
(Jordan 2007 and Israel 2010) were placed into P[8]-lineage IV, 
which also comprises a strain reported from Pakistan (PAK65/2015).

3.7. Comparison of the VP7 and VP4 antigenic epitopes of rotavirus 
strains from the MENA region and vaccine strains

Variations between the circulating rotavirus strain within the 
MENA region and the antigenic epitopes of the VP7 and VP4 proteins 
could potentially influence the effectiveness of rotavirus vaccines. 
Therefore, such variations were investigated by comparing the 
neutralizing epitopes on the VP7 and VP4 of amino acid sequences of 
rotavirus strains in the MENA region and vaccine strains. The VP7 
protein contains two antigenic epitopes, 7–1 (7–1a and 7–1b) and 
7–2, which encompass 29 amino acids as depicted in Fig. 7A [188]. 
The analysis showed that out of 29 amino acids within the VP7 

Fig. 5. Geographical distribution of norovirus genotypes in the MENA region. Other include less-common genotypes. 
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Fig. 6. Neighbor-joining phylogenetic tree of partial length VP7 (A) VP4 (VP8 *) (B) nucleotide sequences reported in the MENA region. Representative and vaccine strains are 
marked with black filled circle. The trees were generated using the Kimura-2-parameter model in MEGA X software. Bootstrap (1000 replicates) values above or equal to 60 are 
shown above the branches. Scale bar:0.05 base substitution per site.
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antigenic epitopes, only four (positions: 98, 104, 201, and 246) were 
conserved among all the strains from the MENA region compared to 
the vaccine strains (Fig. 8A).

The G1 strains of the MENA region showed up to seven differ-
ences in comparison with both vaccine strains and two differences 
with the G1 strain of Rotateq (WI79–9). The epitope 7–1b was more 
conserved than 7–1a and 7–2, containing only one amino acid sub-
stitution (V212T). All the analyzed G1 strains had the substitutions 
D97E and S147N in epitope 7–1a and 7–2, respectively, compared 
with the Rotateq G1 vaccine strain (WI79–9).

The antigenic epitopes of the G2 strains from the MENA region 
showed up to three amino acid differences with both vaccine strains 

(G/D96N, K291R, and T/S242N). In comparison with the G2 strain of 
Rotateq (SC2–9) all the G2 strains of the MENA region contained two 
amino acid differences within the 7–1a (A87T) and 7–1b (S213D) 
epitopes. In contrast, all the G2 strains from the MENA region dif-
fered in 16 amino acid residues from the Rotateq G2 vaccine strain 
(SC2–9); these differences were in the three epitope regions, mostly 
7–1a and 7–2.

The G3 strains from the MENA region showed 2–5 (per strain) 
amino acid differences with both strains of Rotarix and Rotateq 
(WI78–9). There were 7–10 amino acid differences between the G3 
strains from the MENA region and the G1 strain of Rotarix vaccine. 
The differences were found in the three antigenic regions. Compared 

Fig. 6.  (continued) 
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with Rotateq, the G3 strains from the MENA region showed 1–2 
amino acid differences in the 7–1b antigenic region.

The G4 strains from the MENA region showed the least diver-
gence from both vaccine strains; only two differences were noted at 
amino acid positions D130E (epitope 7–1a) and A/D145T (epitope 
7–2). The G4 strains showed up to 14 differences from the Rotarix 
vaccine strain in the three epitopes and only 1–2 differences for the 
Rotateq vaccine strain (BrB-9) in epitope 7–1b.

The G8, G9, and G12 were compared to G1 protein of Rotarix and 
G1 to G4 of Rotateq vaccine strains. Of note, G9 contained more 
conserved amino acid residues than G8 and G12. All the G8 strains 
from the MENA region showed four amino acid substitutions in 
epitope 7–1a (positions 94 and 96), 7–1b (position 213), and 7–2 
(position 145) that were different from all Rotateq and the Rotarix 
vaccine strains. The G8 strains had up to 11 amino acid differences 
with the G1 of Rotarix strain (within the three epitopes) and two 
amino acid differences with all the Rotateq strains (epitopes 7–1a 
and 7–2). Interestingly, the G9 strains reported from the MENA re-
gion showed the least variations (up to 3 amino acid variations) to all 
vaccine strains. 11 variations in the G9 strains with the G1 strain of 
Rotarix spread across all the antigenic regions. In contrast, VP7 an-
tigenic epitopes of the G12 strains from the MENA region showed 
the largest variations with both vaccine VP7 epitopes. Specifically, 
the G12 strains contained eight to nine residues that differed from 
both vaccine strains. The majority of these variations were located in 
7–1a epitope. There were up to 9 differences found between the G12 
strains of the MENA region and G1 strain of Rotarix. These differ-
ences were mapped to all three epitopes.

The VP4 protein of rotavirus is cleaved into the VP8 head and VP5 
stalk that contain four (8−1−8−4) and five (5−1−5−5) antigenic re-
gions, respectively, as depicted in Fig. 7B. Together the VP8 and VP5 
contain 37 amino acid residues [189]. Most of the selected sequences 
from the MENA region only covered the VP8 epitope regions; 
therefore, the VP5 was not included in the analysis (Fig. 8B). Upon 
comparison with both vaccine strains, all the strains from the MENA 
region contained nine conserved amino acid residues in the VP8 
antigenic epitopes. Moreover, epitope 8–2 of P[4] and epitope 8–4 of 
P[8] strains of the MENA region was completely conserved among all 
strains. Almost all the VP8 proteins of P[4] strains showed up to 10 
amino acid differences (per strain) in comparison with both P[8]
vaccine strains. These differences were located in 8–1, 8–3, and 8–4 
epitopes. The P[4] strains from the MENA region showed more 

differences with Rotarix (three amino acid changes: S190N, S125N, 
and N135D) than with Rotateq vaccine strain (one amino acid 
change: D196N). The comparison between the P[8] strains of the 
MENA region and vaccine strains showed several amino acid sub-
stitutions (four to five substitutions with respect to Rotarix, and two 
substitutions with respect to Rotateq) observed in epitopes 8–1 and 
8–3. Most of these substitutions occurred in epitope 8–1 and to a 
lesser extent in epitopes 8–2 and 8–3. The P[8] strains analyzed in 
this study showed three to nine variations (within 8–1, 8–2, and 8–3 
epitopes) from both P[8] of vaccine strains.

3.8. Availability of vaccine in MENA region

Rotavirus is the most common cause of vaccine-preventable 
diarrhea [190]. Currently, two live rotavirus vaccines are available in 
the market, Rotarix® (GlaxoSmithKline, Rixensart, Belgium) and 
Rotateq® (Merck and Co, Whitehouse Station, NJ, USA; Sanofi Pasteur 
MSD, Lyon, France). Rotarix (RV1) is a monovalent G1P[8], human 
live attenuated vaccine. On the other hand, Rotateq (RV5) is a pen-
tavalent human-bovine vaccine containing four reassortant rota-
viruses expressing VP7 protein (G1, G2, G3, or G4; human strain) and 
(P7[5]; bovine strain) [191]. Recently, two additional rotavirus vac-
cines were licensed and manufactured in India and prequalified by 
the WHO in 2018, Rotavac (Bharat Biotech) and RotaSiil (Serum In-
stitute of India). Rotavac contains single rotavirus (G9P[11]) strain, 
while Rotasill contains five human-bovine rotavirus reassortant 
strains (G1-G4, and G9) [192], [193].

In the MENA region, 13 out of 19 countries (Bahrain, Iraq, Israel, 
Jordan, Kuwait, Libya, Morocco, Palestine, Qatar, Saudi Arabia, Sudan, 
UAE, and Yemen) have introduced rotavirus vaccination to national 
immunization programs (NIPs). Iran and Oman plan to introduce the 
vaccine to their NIPs, while Algeria, Egypt, Lebanon, Syria, and 
Tunisia have yet to decide to introduce the vaccine [194]. Among 
Introducing countries (Table 3), Bahrain was the first to introduce 
the vaccine in 2008, followed by Qatar (2009), Morocco, and Israel 
(2010). Rotavirus vaccine was introduced most recently in Kuwait 
(2017) [194]. Although more than ten years have passed since the 
first introduction of rotavirus vaccine to the MENA region, only four 
studies from Israel, Morocco, and Yemen (n = 2), respectively, have 
reported the impact of immunization on rotavirus hospitalization as 
well as rotavirus genotype distribution pre and post-vaccination 
[195], [133], [185], [186]. In Saudi Arabia, one study has reported the 

Fig. 7. Protein structure analysis and modeling of VP7 and VP4 from RV G1P [8] strains. The model was built using the UCSF Chimera-Molecular Modeling System v1.11. (A) 
Antigenic sites of VP7 are distributed in three main epitopes (7–1a, 7–1b, and 7–2). (B) Antigenic sites of VP4 are distributed in four main epitopes (8–1, 8–2, 8–3 and 8–4).
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prevalence and genotype distribution of rotavirus post-vaccination 
[196]. Furthermore, one study from Lebanon has compared the ef-
ficacy of rotavirus vaccine among vaccinated and unvaccinated 
children [118].

The impact of the rotavirus vaccine in these studies differs ac-
cording to the number of years after vaccine introduction and the 
different geographical locations with epidemiological heterogeneity. 
In general, the introduction of rotavirus vaccination led to 40–65% 

Fig. 8. Alignment of amino acid residues in VP7 (A) VP4 (B) antigenic epitopes of rotavirus strains circulating in the MENA region with rotavirus vaccine strains. The amino acid 
residues that differ from Rotarix are shown in blue color while those that differ from Rotateq are in green color. The amino acid residues different from both Rotarix and Rotateq 
are in orange color. The amino acid positions of neutralization escape mutation sites are shown in red color.
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decline in rotavirus infections [95], [133], [185], [186]. In Palestine, 
Qatar, and the UAE, incidence rate of rotavirus infection after the 
introduction of the vaccine ranged from 6 % to 28 % [142], 
[182], [197].

Studies reporting the impact of vaccination on rotavirus geno-
type distribution showed that the dominance of G1P[8] remained 
persistently in the post-vaccination period. Other trends were ob-
served, including the emergence or reemergence of G2P[4], G9P[8], 
and G12P[8]. Additional genotype combinations were observed in 
the post-vaccination period, including G4P[8], G1P[6], and G9P[4].

4. Discussion

Acute gastroenteritis remains one of the most common infectious 
diseases in humans, causing a significant burden to public health 
worldwide. Viral agents have been recognized as the most common 
causes of AGE, of which rotavirus is the predominant virus. Most of 
the available papers from the MENA region focused on the pre-
valence of rotavirus exclusively in children, leaving a gap in under-
standing the role of the other etiological viral agents in other age 
groups. In this context, this paper highlights the prevalence of the 
different viral agents associated with AGE among adults and children 
over three decades in 18 countries of the MENA region. This paper 
also demonstrates the genotype distribution of rotavirus and nor-
ovirus and sheds light on the genetic diversity and vaccine avail-
ability of rotavirus in the region.

Overall, rotavirus was the most widely studied and most pre-
valent virus detected in the MENA region (29 %), followed by nor-
ovirus (14 %), adenovirus (6 %), astrovirus (4 %), and sapovirus (3 %). 
The dominance of rotavirus and norovirus and comparatively the 
lower prevalence rates of adenovirus in patients with AGE have been 
reported in several countries worldwide. Although data on the 
prevalence of astrovirus and sapovirus were limited in the MENA 
region, in line with previous reports, this paper showed that they are 
less common but significant causes of viral AGE [198–203]. Notably, 
there were variations in the observed prevalence of the different 
viruses within and between the countries. These variations might 
represent actual differences in the prevalence, or they could be at-
tributed to variations in study design, age distribution, detection 
methods, and reporting countries, which will pose a challenge to 
establishing the epidemiological literature for AGE in the MENA 
region. Therefore, the prevalence data were stratified by these fac-
tors to assess the bases of these variations.

As expected, rotavirus infections were significantly higher in 
children <  2 years old presenting with AGE; in contrast, norovirus 
was more prevalent in older patients >  18 years. Rotavirus is the 
most common cause of childhood diarrhea, whereas norovirus is 
associated with epidemics and sporadic gastroenteritis affecting 
people of all age groups [204], [205]. Similarly, young children were 
more commonly infected with astrovirus than adults, which is in 
agreement with previous reports [206]. This may be partly because 
maternal antibodies protect against these viruses in children in the 
first three months of life, making these infections less common or 
milder at such an age. In the case of older children, repeated infec-
tions contribute to their protection as they approach adulthood. 
However, this immunity will wane with advanced age. Moreover, the 
continuous mutations and recombination of norovirus that con-
tribute to the emergence of new strains that may potentially cause 
sporadic gastroenteritis or outbreak events could explain its per-
sistence in all age groups, particularly adults [207]. Knowing these 
aspects entails that preemptive and control measures should be 
implemented optimally for the susceptible populations.

This paper shows that antigen detection methods were most 
commonly used to detect rotavirus, adenovirus, and astrovirus. 
Whereas molecular methods, including PCR and RT-PCR, were more 
commonly utilized for the detection of norovirus and were the only 
method for sapovirus detection. According to previous reports, an-
tigen detection assays demonstrated good specificity and sensitivity 
for the detection of viral AGE, particularly rotavirus infections in 
children, as they can shed the virus for a more extended period in 
higher quantities than adults [208]. Furthermore, commercial kits 
are readily available with the added advantages of low cost and fast 
turnaround time. Nonetheless, molecular techniques are reliable 
tools for virus detection, and in the MENA region, they outperformed 
other techniques in the detection of norovirus, adenovirus, and as-
trovirus. They are easy to automate and standardize for reproducible 
results in genotyping, monitoring, and surveillance studies [209].

Worldwide prevalence and distribution of the viral agents of AGE 
are not homogenous, and according to different reports, the pre-
valence and severity of enteric viruses may be related to the influ-
ence of socioeconomic status, which includes maternal health 
literacy, overcrowding, malnutrition, access to health care, and clean 
water [210]. For instance, in many studies, high-income countries 
like Saudi Arabia and Kuwait have reported a lower prevalence of the 
different AGE viruses. Conversely, in lower-middle income countries 
like Iran, Egypt, and Tunisia, the prevalence of these viruses was 
higher, as reported by several studies. Nonetheless, the variations in 

Table 3 
Rotavirus vaccine introduction in the MENA region and a summary of available studies on rotavirus genotypes before and after vaccine introduction. 

Country Reference Year of vaccine 
introduction

Current vaccine Decline (%) of rotavirus infections post- 
vaccination

Predominant genotypes post-vaccination

Bahrain [194] 2008 Rotarix e e

Israel [195] 2010 Rotateq 61a G1P[8], G3P[8], G9P[8], G12P[8],and G2P[4]
Jordan [215] 2015 Rotateq e e

Kuwait [194] 2017 Rotateq e e

Lebanonb [118] Not introduced Rotateq 
Rotarix

e e

Libya [194] 2013 Rotateq e e

Morocco [133] 2010 Rotateq 41.5 G1P[8], G2P[4], G9P[8], G4P[8], G2P[8], and 
G1P[6]

Palestine [197], [194] 2016 
2018

Rotarix 
Rotavac

64.6 e

Qatar [194] 2009 Rotarix e e

Saudi Arabia [196] 2013 Rotarix 39.8 G1P[8], G2P[4], G9P[8] and G12P[8]
Sudan [194] 2011 Rotarix e e

UAE [194] 2013 Rotarix e e

Yemen [186] 2012 Rotarix 48 G1P[8], G9P[8], G2P[4], and G9P[4]

a Decline in rotavirus (%) vaccinated vs unvaccinated children
b The vaccine is available in the market but has not been introduced to the national immunization program.
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prevalence of these viral agents between the countries might be 
linked to additional factors. One factor could be the scarcity of stu-
dies reporting these viruses due to the absence of adequate re-
sources or political instability in several countries within the MENA 
region, which could cause over- or underestimation of the role of 
these viral agents in AGE. Moreover, treatment-seeking behavior for 
self-limiting or moderate infections is lower in these countries due 
to the economic burden.

Over the last three decades, most countries in the MENA region 
have reported the distribution of rotavirus genotypes. Despite the 
large number of genotype combinations reported in this paper, only 
five genotypes, G1P[8], G9P[8], G2P[4], G3P[8], and G2P[8], ac-
counted for over 75 % of isolates. Previously it has been shown that 
globally there are six major genotypes, including G1P[8], G2P[4], G3P
[8], G4P[8], G9P[8], and G12P[8], that account for 90 % of all rotavirus 
infections [211], [212]. Comparatively, this paper showed that G9P[8]
became the second most common genotype (12.7 %); this is in line 
with previous studies that reflected its global emergence [213]. In 
contrast, the frequency of the emergent G12P[8] is negligible (0.7 %) 
in the MENA region compared to a higher proportion in South and 
North America (5.2 %) and Africa (10 %) [212]. These findings indicate 
that G9 strains in the MENA region are becoming more adapted to 
replicate in humans than G12 strains. Interestingly, some countries 
like Egypt, Iraq, Israel, Qatar, Tunisia, UAE, and Yemen showed 
considerable genotype diversity where the uncommon genotypes 
(including G1P[6], G3P[4], G9P[4], G9P[6]) accounted for 9–19 % of 
typed samples. This finding concord with previous studies in Africa 
and Asia, where high diversity was reported compared to Europe and 
the U.S. [214–217]. The proportion of partially typed and untypable 
genotypes ranged from 1 % to 28 %. One reason for this variation is 
the presence of single nucleotide polymorphism at the binding sites 
of the primes that cause mistyping or failure in typing [218–221].

Temporal variations of specific genotypes were observed for 
some countries in the MENA region. For instance, G1P[8] persisted 
and remained the dominant genotype in almost all the countries 
over many years. Whereas G9P[8] and G2P[4] were constantly de-
tected across the years and transiently became the dominant gen-
otypes, these trends have been observed elsewhere [212]. Other 
rotavirus genotypes co-circulate with these dominant genotypes 
across several years, including G3P[8] and G4P[8] but at a lower 
prevalence. Although this study showed some trends in genotype 
distribution within the region, there is still a need for continuous 
long-term surveillance to monitor the trends of the circulating 
genotypes, which is essential to ensure and assess vaccine effec-
tiveness.

This paper identified 28 norovirus genotypes reported in the 
MENA region, with GII.4 identified as the most common genotype, 
which is expected as GII.4 has been reported as the most prevalent 
and virulent genotype worldwide [222], [223]. Other commonly 
detected genotypes included GII.3, GII.2, and GII.6, reported in 
children with sporadic gastroenteritis [224]. Compared to other 
genotypes, GII.4 undergoes antigenic drift allowing it to escape from 
neutralizing antibodies explaining its predominance [225]. The 
GII.17 genotype emerged in many countries worldwide and replaced 
the dominant GII.4; however, it is rare in the MENA and detected in 
only three countries [15]. More studies on norovirus antigenic and 
genetic diversity are needed, which is essential for developing vac-
cine candidates with broader protection.

Phylogenetic analysis and genetic characterization were con-
ducted in the most recent VP7 and VP4 nucleotide and amino acid 
sequences circulating in the MENA region. Phylogenetic analysis of 
the VP7 genes showed that the majority of the G1 strains belonged 
to lineage I and co-clustered with strains identified in India and 
Pakistan in 2015. In contrast, two other strains from Iran and Saudi 
Arabia clustered in lineage II, with a Pakistani strain circulating in 
2015. In comparison with vaccine strains, lineage II was more 

conserved with fewer amino acid differences from vaccine strains 
(Rotarix and Rotateq) compared to lineage I. All strains within both 
lineages have shown two amino acid variations from Rotateq vaccine 
strain at positions 97 and 147, previously shown as important sites of 
neutralization escape mutants [226]. Studies from different coun-
tries reported these variations [227–237] in addition to Europe and 
America, where the vaccine efficacy is high, indicating that the effect 
of these variations might not be detrimental [238–240]. For G2 
strains, all the strains clustered distantly from the G2 of the Rotateq 
vaccine. Moreover, the VP7 of G2 strain showed the highest amino 
acid differences from the VP7 of Rotarix. This finding could explain 
the relatively low efficacy of Rotarix against the G2 strains compared 
to other genotypes reported elsewhere [241], [242]. Furthermore, 
the amino acid substitution D96N has been linked to the abrupt 
spread or reemergence of G2P[4] in many countries, which might 
indicate its role in conferring fitness advantage to the G2 strains 
[243–247]. In this paper, G2P[4] represented the third most common 
strain circulating in the MENA region. Since the G2 strains are mostly 
associated with P[4], the protection against G2 strains provided by 
the vaccine strains depends on the G2 component of the vaccine. 
Consequently, the variations in the antigenic sites of the G2 strains 
circulating in the MENA region are of concern as they might impact 
the vaccine efficacy. The G3 strains from Tunisia and Kuwait pos-
sessed a potential N-glycosylation site formed by substitution 
K238N, which has been previously shown to block neutralization by 
hyperimmune sera and monoclonal antibodies [248], [249]. Ex-
pectedly, the VP7 epitopes of G12 strains had a high number of 
differences in amino acid residues compared to Rotateq vaccine 
strains. Various studies attributed the emergence of G12 strains to 
the introduction of the rotavirus vaccine; however, increased pre-
valence of G12 has been reported in countries that have yet to in-
troduce the vaccine [250–254]. Fortunately, in the MENA region, the 
G12 strains are mostly associated with P[8], which will provide the 
protection afforded by the vaccination against severe AGE. Still, 
continuous monitoring of the variation in antigenic epitopes is es-
sential to determine the impact of vaccination and if the changes in 
the circulating strains over time are actually due to vaccine-induced 
selective pressure.

Based on the phylogenetic analysis, the VP4-P[4] sequences from 
the MENA region belonged to lineage II, IV, and V. Moreover, the 
antigenic epitopes of the P[4] strains have exhibited a high number 
of variations with both vaccine strains, as expected. Despite these 
differences, the monovalent Rotarix and pentavalent Rotateq 
showed comparable efficacy against non-vaccine strains in several 
countries around the globe [255]. Meanwhile, the majority of VP4-P
[8] sequences clustered in lineage III, and only two sequences clus-
tered in lineage IV, both of which are divergent from vaccine strains. 
This observation is consistent with the literature as P[8] lineage III is 
widely distributed worldwide [256]. The VP4 epitopes of the P[8]
strains of the MENA region contained multiple residues that differed 
from P[8] strains of Rotateq and Rotarix at known neutralization 
escape mutant sites [257]. Lineage IV of VP4-P[8] is also called 
OP354-like, which has been increasingly reported in many countries 
worldwide [258]. The OP354-like strains from Jordan and Israel 
showed remarkable differences in the antigenic epitopes compared 
to the other P[8] lineages. Since the OP35-like strains are genetically 
divergent from other P[8] lineages, including those of Rotarix and 
Rotateq, there have been some speculations about the protective 
effect of the currently used vaccines in this lineage. However, more 
studies are needed to elucidate if the antigenic properties of lineage 
IV could cause them to escape neutralization. An interesting remark 
is that strains from neighboring countries clustered closely together 
and shared a high genetic similarity, for instance, the strains from 
Tunisia with Morocco or Libya (G1, G9, P[4], and P[8]) and Saudi 
Arabia with Iran or Kuwait or Iraq (G1, G9, P[4]and P[8]). These 
countries share borders, and accordingly, the frequent flow of people 
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across the border might contribute to the diversity of rotavirus in 
these countries. A clear data gap remains for determining the al-
teration in antigenic epitopes of VP4 and VP7 proteins that could 
lead to escape mutants, this warrants long-term surveillance of the 
circulating strains, especially in countries with high vaccine cov-
erage.

Rotavirus vaccination is one of the best strategies to decrease 
vaccine-preventable diarrhea [190]. Four studies showed a sig-
nificant reduction in rotavirus-positive cases (38.9–64.6 %) with a 
substantial impact against severe disease in the post-vaccination era 
with high vaccine coverage. These findings are comparable to those 
reported in other countries, including high-income countries [255], 
[259–261]. Indicating that in the MENA region, the vaccine was ef-
fective despite the presence of factors that reduce its efficiency, in-
cluding lower socioeconomic status, hygiene standards, 
malnutrition, and other diseases. Post-vaccine introduction data 
showed a sustained dominance of G1P[8] with a parallel increase of 
G2P[4] and G9P[8] in some countries. Several studies have docu-
mented the emergence or re-emergence of G2P[4] and G9P[8]
strains post vaccine introduction [262], [250], [213], [263]. The strain 
shift in the post-vaccination era (G1P[8] to G2P[4] or G9P[8]) has 
prompted global speculations that this phenomenon is indicative of 
vaccine-induced selective pressure; however, it was observed in 
countries with limited vaccine usage and without vaccination over 
consecutive years [259]. This indicates that the changes in the strain 
distribution are likely due to the inherent fluctuations of rotavirus or 
natural reassortment events rather than vaccine pressure. Further 
evidence on the potential implications and mechanisms of selective 
vaccine pressure remains to be examined after a long post-vacci-
nation period.

This paper has some limitations. First, the included studies were 
heterogenous, making the comparisons between studies difficult. 
Categorizing the collected data by viral agent, age, method, and re-
porting countries was an attempt to correct this heterogeneity. In 
addition, the prevalence data of the different viral agents and gen-
otype diversity of rotavirus and norovirus was non-existent or lim-
ited for some countries or periods; thus, the data might limit the 
ability to assess the true impact of the other agents and their genetic 
diversity in the whole region. Despite these limitations, this paper is 
the first attempt at providing a comprehensive overview of the 
etiological agents of viral AGE in the MENA region. Also, the phylo-
genetic and antigenic properties of rotavirus strains in the region 
could provide baseline data for countries that have not yet in-
troduced the vaccine to their NIPs. Lastly, it emphasizes the im-
portance of maintaining and improving surveillance for the viral 
agents of AGE in order to prioritize their importance on a national 
basis.

5. Conclusion

This paper is the first to provide a comprehensive report on the 
prevalence of the different enteric viruses that cause AGE among 
adults and children. In addition, it highlights the genetic diversity of 
circulating rotavirus genotypes and discusses the availability of ro-
tavirus vaccines in the MENA region. The reported data have shown 
that viral AGE causes considerable morbidity in the MENA region, 
especially rotavirus, among children. This paper demonstrated the 
importance of multiple viral agents of AGE, including rotavirus, 
norovirus, adenovirus 40/41, astrovirus, and sapovirus detected at 
varying rates between and within countries. Given that the reported 
rotavirus genotypes were quite variable among the countries of the 
MENA region, this denotes the burden of the disease. The compar-
ison of the amino acid motifs of VP7 and VP4 proteins between the 
circulating rotavirus in the MENA region with the available vaccine 
strains has revealed multiple antigenic variations that might impact 

the vaccine efficacy in the region, highlighting the need for detailed 
antigenic mapping and continuous monitoring of the prevalent ro-
tavirus genotypes in the MENA region. The results of this paper will 
be useful as background information for planning and implementing 
effective vaccination programs and possibly developing new vacci-
nations. Given the variety and diverse rotavirus types in the region, a 
vaccine with broad genotype coverage is important to decrease the 
burden of rotavirus.
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