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ABSTRACT
 

إقليم  في  وتوزيعها  الروتا  سلالات  في  التغيرات  عن  الكشف  الأهداف: 
شرق المتوسط خصوصا بعد حملة التطعيم ضد فيروسات الروتا.

 
علمية  أوعية  من  صلة  ذات  وبحوث  مواد  على  البحث  اعتمد  الطريقة: 
تضمنت مدلين، بوبميد، سسينسدايركت، ومكتبة كوكرين ، إضافة إلى 
قاعدة بيانات التغذية وعلوم الغذاء. كما شمل البحث عدد من المنظمات 
ذات العلاقة. ومن أصل 2198 مقالة، تم الاقتصار على 35 دراسة فقط في 
حين تم استبعاد البحوث والدراسات الغير متصلة بالموضوع أو على علاقة 
ليست مناسبة معه أو كانت تلك الدراسات غير مؤهلة، أومكررة، أوذات 

جودة منخفضة. 

النتائج: أفادت 30 دراسة سابقة لتطبيق برامج التطعيم عن عدوى سلالات 
فيروسات الروتا بين الأطفال دون 5 من العمر أن السلالة ]G1P[8  هي 
النوع الأكثر انتشارا قبل التطعيم في بلدان منطقة شرق المتوسط. في حين 
أظهرت 5 دراسات أجريت في الفترة ما بعد التطعيم في 3 بلدان تتضمن 
المملكة العربية السعودية والمغرب واليمن أن ]G1P[8 هو أكثر السلالات 
بفيروسات  الإصابة  نسبة  وازدادت  السعودية،  العربية  المملكة  في  انتشارا 
 G1P[4[ من %21.6 إلى%33.3. وفي اليمن، يعد G2P[4[ الروتا
 G9P[8[  )57%( تليها   ،)87.5%( نسبته  بما  انتشارا  الأكثر  السلالة 
بعد التطعيم. وأخيرا، في المغرب، لم تسجل حالات اصابة بـ  ]G1P[8لـ 
بـ   لعدوى  ذلك، تم تسجيل حالات  ومع  التطعيم،  برنامج  بعد  3 سنوات 

]G9P[8 و  ]G2P[4 بما نسبته %67 و %33 على التوالي.

في  تنتشر سلالاتها  والتي  الروتا  فيروسات  أن  الدراسة  هذه  تبين  الخاتمة: 
وأصبحت  التطعيم،  برامج  بعد  تغيرت  قد  المتوسط  شرق  إقليم  بلدان 
انخفاض  من  وبالرغم  هيمنة.  أكثر   G2P[4[ و  G9P[4[  السلالات
نسبة بعض سلالات فيروسات الروتا في تلك البلدان بعد التطعيم بشكل 
ملحوظ إلا أن هناك زيادة في سلالة  ]G2P[4 في فترة ما بعد التطعيم، 

وعليه فأن هذه الفيروسات تحتاج إلى مزيد من الرصد والمتابعة.

Objective: To detect changes in circulating strains of 
rotavirus in the Eastern Mediterranean Region )EMR( 
post rotavirus immunization drive. 

Methods: We searched MEDLINE, PubMed, 
ScienceDirect, and the Cochrane Library and specific 
database website )Nutrition and Food Sciences( for 
relevant articles. Our search included websites of a 
number of relevant organizations in addition to gray 
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literature search. Of the 2198 articles found, we included 
only 35 studies after excluding irrelevant, ineligible, 
duplicated, and very low-quality papers.

Results: Thirty pre-vaccination studies reported frequent 
rotavirus strains among children below 5 years of age. 
G1P[8] has been identified as the most dominant type 
prior to vaccination in  EMR countries. Five post-
vaccination studies conducted in 3 countries )Saudi 
Arabia, Morocco, and Yemen( illustrated that G1P[8] 
is the most prevalent strain in Saudi Arabia, and the 
incidence of G2P[4] has increased from 21.6% to 
33.3%. In Yemen, G1P[4] is the most prevalent strain 
)87.5%(, followed by G9P[8] )57%( and G1P[8] 
)18.5%(. Furthermore, in Yemen, G9P[8] were the most 
prevalent strains accounting to 57% and 14% in G9P[4], 
post vaccination. Finally, in Morocco, G1P[8] was not 
reported 3 years post vaccination; however, incidence of 
G9P[8] was reported at 67% and G2P[4] at 33%. 

Conclusions: Rotavirus circulating strain prevalence 
in EMR countries has changed post vaccination, and 
G9P[8], G2P[4], and G9P[4] have become more 
dominant. Proportion of rotavirus strains in these 
countries after vaccination has significantly reduced. 
There is an increase in circulating strain G2P[4] in the 
post-vaccination period, which needs further monitoring. 
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In 2016, the World Health Organization )WHO( 
reported that the under-5 mortality caused by 

rotavirus infection had reduced from 528,000 )465,000-
591,000( in 2000 to 215,000 )197,000-233,000( in 
2013. Afghanistan and Pakistan were among the top 
10 countries in the world attributable for under-5 
children mortality.1 Despite the availability of rotavirus 
vaccines in some Eastern Mediterranean Region )EMR( 
countries,2 rotavirus gastroenteritis )RVGE( is still a 
major cause of significant morbidity and mortality 
among children under 5 years of age in the region.3 
According to the WHO, the cause-mortality rate due 
to rotavirus infection among children under 5 years in 
EMR countries was 6.5% of the deaths from all causes 
in that age group.4 There are 2 main rotavirus vaccines 
that had been administered in the region in the period 
from 2008 to 2017: Rotarix )the most common type 
used in the EMR( and Rotateq. Rotarix is a monovalent 
vaccine that contains one human G1P8 strain, whereas 
Rotateq is a pentavalent vaccine that contains 4 human 
strains )G1, G2, G3, and G4( and one bovine strain 
)G6(.5 In January 2017, rotavirus immunization was 
made available in 13 of the 21 EMR countries: Saudi 
Arabia, Yemen, Morocco, Sudan, Qatar, Bahrain, 
United Arab Emirates, Djibouti, Pakistan, Jordan, 
Libya, Iran, and Iraq. 

Five countries have included the rotavirus vaccine 
in their national vaccination program,2 while no such 
data are available for the remaining 8 countries.2 In 
addition, a few countries have their own rotavirus 
vaccination programs which have not been reported 
in the WHO databases.2,6-10 With the introduction of 
rotavirus vaccine, the incidence of RVGE has dropped 
and the under-5 children morbidity has shifted in the 
last few years.6-10 The 2 approved rotavirus vaccines 
have reduced the rate of diarrhea-related hospitalization 
among children under 5 years of age.11 The WHO 
has recommended the worldwide distribution and 
incorporation of vaccine in national vaccination 
programs.1 It was approved that both vaccines provided 
acceptable protection against the most prevalent 
rotavirus strains and the virus could be mutated and 
ecologically changed post immunization.11  

There are more than 60 G-P combination rotavirus 
strains attributable for RVGE in humans, with the 
most dominant strains )G2P[4], G1P[8], G4P[8], 

G3P[8], and G9P[8]( representing almost 90% of 
circulating strains.11-14 For some countries, reports 
showed that strains have great diversity overtime with 
some hypotheses linking this diversity to the availability 
of rotavirus vaccines.15-17 It is still to be found whether 
rotavirus immunization provides immunity against 
non-vaccine type strains and whether any forced 
rotavirus strains appear post vaccination. So, this review 
was conducted to identify the best evidence for any 
alteration in the rotavirus strain prevalence in the EMR 
after vaccination. 

Methods. Keywords and search strategy. The search 
strategy for this review includes specific keywords based 
on rotavirus strains and according to the searched 
database as shown in Table 1. There were language 
restrictions to English in the studies conducted after 
January 2000 when the searches were run. The searches 
were repeated immediately before the analysis of this 
review. 

The search strategy and the keywords used for 
this review have been explained in the summary of 
search results )Table 1(. A flowchart has been used to 
display the different stages of the systematic review 
)identification, screening, eligibility, and inclusion(, as 
shown in Figure 1. 

Eligibility criteria. We considered all articles 
published in English and dated after 2000 and before 
February 2017 for inclusion in this systematic review. 
We screened articles for the search terms in any fields 
)2198 articles(. The exclusion criteria included duplicity 
and irrelevant articles based on the titles and abstracts 
)2060 articles(. Furthermore, for other eligible articles 
)138 articles(, we retrieved the full texts for conducting 
an in-depth study of the rotavirus strain combinations. 
We excluded irrelevant studies based on the full text of 
articles to yield the final list that included 35 relevant 
articles.

Data sources. We searched the following electronic-
related databases: MEDLINE, PubMed, ScienceDirect, 
and the Cochrane Library )Cochrane Database of 
Systematic Reviews( and specific database website 
)Nutrition and Food Sciences(. We included websites of 
relevant organizations, such as WHO and the Centers 
for Disease Control and Prevention )CDC( in addition 
to gray literature search. Out of 2198 search results, 
only 35 studies were included in this systematic review 
after excluding irrelevant, ineligible, duplicated, and 
very low-quality papers. The search strategy has been 
demonstrated in Table 1.

Type of studies. We included only the studies with 
cross-sectional and surveillance designs in this review. 

Disclosure. Authors have no conflict of interests, and the 
work was not supported or funded by any drug company.
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Data extraction. Three researchers independently 
screened the search results using inclusion criteria. They 
retrieved the full-text articles of all possibly relevant 
references selected by either screener. They requested 
full-text articles and checked for eligibility. They used 
the reference manager software EndNote X7 to sort the 
retrieved articles into inclusion and exclusion folders. 
The search strategy and the selection process of the 
studies have been detailed using a flowchart )Figure 1(. 

Two researchers separately extracted data on a 
prepared form for data extraction. The data extraction 
form was tested and refined based on a pilot data 
extraction. In case of disagreement during studies 
selection or data extraction, the third researcher would 
review the studies and they reached on a mutual 
agreement with further discussion and consensus. 
They then confirmed all data extraction, and in case of 
discrepancies, cross-checked with the original articles. 

Risk of bias (quality) assessment. We appraised the 
selected studies using the STROBE Statement Checklist 

for observational studies. The checklist measured the 
quality of studies, including 1( study setting, 2( sample 
size, 3( bias, 4( diagnostic test used, and 5( outcome 
data. Two authors independently judged each domain 
and classified bias into “high risk,” “low risk,” and 
“unclear risk.” The third researcher confirmed the 
judgment. On reaching consensus, studies were divided 
into “low risk,” high risk,” and “unclear risk,” and the 
poor-quality studies )with high risk( were excluded 
from this systematic review )Table 2(.

Statistics. Pooled “combined” proportion of 
rotavirus detection rate was calculated by adding 
number of cases detected with rotavirus strains from 
different studies and then divided the total of cases on 
the total number of subjects included in the reviewed 
studies. All extracted data from reviewed literature were 
presented in tabulated form as appropriate. Bar-chart 
was drawn utilizing Microsoft Excel software )version 
2016( for purpose of visual comparison of extracted 
rotavirus prevalence from reviewed literature. 

Table 1 - Summary of search results.

Search Engine Search Terms Limits activated Date searched Papers
Cochrane Rotavirus 23th January, 2017 4
PubMed )MEDLINE 
)OvidSP(, and EMBASE 
)OvidSP(

)infant OR children OR under five( AND )EMR OR 
Afghanistan OR Bahrain OR Djibouti OR Egypt OR Iran 
OR Iraq OR Jordan OR Kuwait OR Lebanon OR Libya 

OR Morocco OR Oman OR Pakistan OR Qatar OR Saudi 
Arabia OR Somalia OR Sudan OR Syrian Arab Republic 
OR Tunisia OR United Arab Emirates OR Yemen( AND 

)rotavirus OR rota vaccine( AND )prevalence OR incidence 
OR serotype OR genotype OR strain OR epidemiology OR 

symptoms(

Human 23th January, 2017 222

Sciencedirect )rotavirus AND EMR( OR )rotavirus AND Afghanistan( 
OR )rotavirus AND Bahrain( OR )rotavirus AND Djibouti( 
OR )rotavirus AND Egypt( OR )rotavirus AND Iran( OR 

)rotavirus AND Iraq( OR )rotavirus AND Jordan(

Medicine and 
Dentistry
Nursing and 
Health Professions
Journals

24th January, 2017 759

)rotavirus AND Saudi Arabia( OR )rotavirus AND Somalia( 
OR )rotavirus AND Sudan( OR )rotavirus AND Syrian 

Arab Republic( OR )rotavirus AND Tunisia( OR )rotavirus 
AND United Arab Emirates( OR )rotavirus AND Yemen(

Medicine and 
Dentistry
Nursing and 
Health Professions
Journals

24th January, 2017 492

)rotavirus AND Kuwait( OR )rotavirus AND Lebanon( OR 
)rotavirus AND Libya( OR )rotavirus AND Morocco( OR 
)rotavirus AND Oman( OR )rotavirus AND Pakistan( OR 

)rotavirus AND Qatar(

Medicine and 
Dentistry
Nursing and 
Health Professions
Journals

24th January, 2017 571

Nutrition and Food 
Sciences

Rotavirus AND Strains OR Prevalence AND children 25th January, 2017 143

ISI Web of Science and 
Conference Proceedings

Rotavirus AND Strains 23th -25th 5

Grey literature search Rotavirus AND Strains 23th -25th 2
Total Titles and Abstracts examined

Full texts retrieved
Papers included in the review

2198
138
35

2 limits activated - humans, child: 0-5 years
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Figure 1 - Flowchart  used to display the different stages  )identification, screening, eligibility, and inclusion(.

The outcome measures. 1( Primary outcome)s(: 
The main outcome was the rotavirus strain prevalence. 
2( Secondary outcome)s(: These include  rotavirus 
prevalence, rotavirus vaccine used, and rotavirus mixed 
)G-P( strains circulating pre- and post-vaccination 
)G1P4, G1P6, G1P8, G2P4, G2P6, G2P8, G3P4, 
G3P6, G3P8, G4P4, G4P6, G4P8, G9P4, G9P6, 
G9P8, G12P4, G12P6, G12P8, and any other rare G-P 
strain combinations(. 

Results. Of the 35 studies included in this report, 
30 studies reported rotavirus strain prevalence before 

vaccination and 5 reported rotavirus strain prevalence 
post vaccination. Furthermore, 3 of the 5 post-
vaccination studies reported information on both 
pre-vaccine and post-vaccine situation. 

Post-vaccination studies included one in Saudi 
Arabia,18 2 in Yemen,19,20 and 2 in Morocco.21,22 Three 
of these 5 studies investigated the rotavirus strains 
as pre- and post-vaccination, 2 in Yemen19,20 and 
one in Morocco.21 The studies that investigated the 
pre-vaccination rotavirus strain prevalence in other 
EMR countries are from Bahrain,8 Egypt,23 Kuwait,10 
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Iran,7,24-27 Iraq,28,29 Jordan,30 Saudi Arabia,31,32 Libya,33 
Morocco,21,34,35 Oman,36,37 Yemen,19,20,38,39 Tunisia,40-44  
and Pakistan.45-49 We excluded other 8 countries of the 
EMR from this review )Sudan, Somalia, Afghanistan, 
Qatar, United Arab Emirates, Djibouti, Syria, and 
Lebanon( because there were no reports on circulating 
rotavirus strains among children under 5 years of age. 
Out of the 21 EMR countries, 13 )61.9%( met the 
inclusion criteria. Furthermore, only 5 )14.3%( of these 
35 studies presented post-vaccination data. 

Circulating rotavirus strains were identified in 5 
studies,18-22 from 3 countries )Saudi Arabia, Yemen, 
and Morocco( that provided data on rotavirus post-
vaccination, whereas other EMR countries reported 

strains pre-vaccination. Studies conducted between 1995 
and 2014 were categorized as pre-vaccination studies, 
whereas studies conducted between 2011 and 2015 were 
categorized as post-vaccination studies. The inclusion of 
rotavirus vaccine into national immunization program 
varies between different countries. Bahrain introduced 
the vaccination in 2008, while Jordan introduced in 
2015; some countries did not introduce this vaccine 
into their national immunization program because of 
low endemicity of rotavirus. Morocco has included 
this vaccination in national immunization program in 
2010, Yemen in 2012, and Saudi Arabia in 2013.2  

The circulating rotavirus strains among children 
under 5 years of age were reported from 13 included 

Table 2 - Quality assessment of the included studies.

Country References Sample Design Study area Age Quality
Bahrain 8 314 Surveillance Single, pediatric hospital-based Under 5 Moderate
Egypt 23 259 Surveillance 2 hospitals in Egypt Under 5 High
Kuwait 10 172 Cross-sectional Al-Amiri and Al-Adan hospitals, Kuwait Under 5 High
Iran 27 700 Cross-sectional 2 pediatric hospitals in Tehran Under 5 High

24 2198 Surveillance 5 sentinel hospitals Under 5 High
26 618 Cross-sectional Hajar Hospital and Shahrekord, Iran Under 5 High
7 200 Cross-sectional Aboozar hospital Under 5 High

25 374 Cross-sectional Markaz Tebbi Koudakan Hospital, Tehran Under 5 Low
Iraq 29 976 Surveillance 3 different cities in Iraq Under 5 High

28 260 Cross-sectional Erbil Paediatric Hospital Under 5 High
Jordan 30 368 Cross-sectional 2 hospitals, Jordan Under 5 High
Saudi Arabia 31 541 Prospective  Riyadh Under 5 High

32 984 Cross-sectional 2 hospitals, Maddina. Under 5 High
18 850 Cross-sectional 5 Saudi hospitals Under 5 High

Libya 33 520 Cross-sectional Al-Jala Children’s hospital, Tripoli Under 5 High
Morocco 21 1861 Cross-sectional 3 hospitals Under 5 High

533 Cross-sectional 3 hospitals Under 5 High
22 335 Surveillance 4 hospitals Under 5 High
35 314 Surveillance 4 hospitals Under 5 High
34 1,388 Surveillance 4 hospitals in Morocco Under 5 High

Oman 36 3470 Surveillance 11 regional referral hospitals Under 5 High
37 310 Surveillance 10 selected hospitals and 3 primary health care clinics Under 5 High

Yemen 20 5,691 Surveillance 2 sentinel hospitals Under 5 High
39 290 Cross-sectional 2 hospitals Under 5 Moderate
19 2334 A longitudinal observational Taiz Under 5 High

1330
38 795 Cross-sectional Taiz Under 5 High

Tunisia 43 621 A multicenter prospective 
observational 

11 sentinel pediatric departments Under 5 High

41 2298 Cross-sectional 14 different University Hospitals Under 5 High
40 982 Epidemiological survey Eastern Center of Tunisia Under 5 High
44 309 Epidemiological survey coastal region Under 5 High
42 1127 Survey 11 Tunisian cities Under 5 High

Pakistan 49 311 Cross sectional 2 hospitals Under 5 Moderate
48 575 Surveillance 2 low-income communities in Karachi Under 5 High
46 300 Cross sectional Faisalabad region Under 5 Moderate
45 1306 Surveillance Lahore Under 5 High
47 6679 Cross-sectional 5 sentinel hospitals Under 5 High
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Table 3 - Summary of the systematic review findings.2

Country Study Time Proportion G1P[8] G1P[4] G2P[8] G2P[4] G3P[8] G3P[4] G4P[8] G4P[4] G9P[8] G9P[4] G12P[8] G12P[4]
Bahrain 8 Pre 44.8 58.8 11.8 11.8 11.8
Egypt 23 Pre 25.2 56.0 1.6 0.8 23.5 1.6
Kuwait 10 Pre 43.6 58.0 1.4 1.4 5.8 2.8 2.8 8.7
Iran 27 Pre 19.0 53.4 9.2 4.6

24 Pre 59.1 10.9 5.5 0.9 30.9
26 Pre 23.6 63.7 2.0 8.2
7 Pre 36.5 80.0 20

25 Pre 24.6 59.2 1.4 1.4 4.2 15.5
Iraq 29 Pre 40.0 6.0 4.0 1.0 5.0 3.0 3.0

28 Pre 37.0 33.0 15.0 21.0 11.0
Jordan 30 Pre 49.5 56.0 1.0 14.0 1.0 4.0 0.5 13.0 0.5
Saudi Arabia 31 Pre 31.6 61.9 0.9 4.4 16.8 6.2

32 Pre 19.0 44.0 20.0 4.0 11.0 4.0
18 Post 9.2 46.2 2.6 25.6 3.8 1.3 10.3 5.1

Libya 33 Pre 31.5 27.8 1.7 2.8 65.9
Morocco 21 Pre 41.0 57.0 15.0 0.3 0.6 7.8

Post 24.0 40.5 4.0 21.4 0.8 15.0
22 Post 26.6 51.7 4.5 10.1 3.4 3.4
35 Pre 44.0 33.0 0.7 30.5
34 Pre 42.0 55.0 0.2 0.2 9.1 0.4 0.2 0.9 11.3

Oman 36 Pre 49.0 3.0 3.0 26.0 3.0
37 Pre 57.4 19.1 6.4 0.9 8.2

Yemen 20 Pre 42.9 45.5 76.5 0 0
39 Post 18.5 87.5 14.3 57 .0 14 .0
19 Pre 27.0 55.0 12.0 21.0 1.0 1.0

Pre 43.8 15.0 55.0
Post 10.5 31.0 27.5

38 Pre 45.2 15.0 55.0
Tunisia 43 Pre 30.3 6.5 0.5 24.4 13.3

41 Pre 22.4 23.0 24.0 23.0 10.0 0,6 0.6 1.5
40 Pre 22.0 34.0 10.0 3.0 4.0 3.0 2.0 1 2.0
44 Pre 26.2 35.7 4.8 2.3 4.8 2.3
42 Pre 24.0 34.4 4.0 16.3 8.9 10.3 1.9 

Pakistan 49 Pre 23.8 24.3 24.3 10.8
48 Pre 17.0 13.0 8.4 3.6 6.0 2.0 15.0 2.0
46 Pre 57.3 25.3 1.5
45 Pre 34.0 2.3 6.2 2.3 47.8 15.9 2.3
47 Pre 30.5 11.6 10.4

countries. The highest prevalence rate pre-vaccination 
was reported from Iran )59.1%(,24 followed by Yemen 
)57.4%(,37 and Pakistan )57.3%(.46 The highest 
rate post-vaccination was reported from Morocco 
)26.6%(,22  and )24%(,21 followed by Yemen )18.5% 
and 10.54%(,19,20 and Saudi Arabia )9.2%(.18 In the 13 
countries included, G1P[8] was the most circulated 
strain pre-vaccination.7,8,10,18,23,26,29,30,33,34,37,39,42,44 The 
same findings were reported at the period immediately 
after vaccination, since G1P[8] was the most common 
strain in the 3 countries included: Yemen,20 Morocco,22  
and Saudi Arabia,18 which had been altered in the 
subsequent years after vaccination. 

In Saudi Arabia, the studies showed that G1P[8] 
was not the most common strain combination during 
pre-vaccination period. G1P[4] was the most common 
)88%( followed by G1P[8] )61.9%(.31 Kheyami et al,32 

)2008( showed that G1P[8] was the dominant strain 
)44%(. Only one available study conducted after 
vaccination in Saudi Arabia showed that G1P[8] was 
the predominant strain.18  

Out of 4 studies conducted in Morocco, 2 pre-
vaccination rotavirus strain, one study was conducted 
after introduction of the vaccine, and one study 
compared the situation before and after vaccination. 
During the pre-vaccination period, G1P[8] was the 
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most common strain representing 57%,21 33%,35 
and 55%,34 and the same findings were found after 
introduction of vaccine: 51.7%22 and 40.5%.21  Out of 
4 studies conducted in Yemen, 2 studied the rotavirus 
strain prevalence pre- and post-vaccination, while 2 
reported rotavirus only before vaccination. The findings 
of studies before introduction of vaccine showed that 
G1P[8] was the most prevalent in the 2 traced studies: 
55%19,38 and 12%.39  

Another study showed that G2P[4] was the most 
prevalent )76.6%( followed by G1P[8] )45.5%(,20   and 
then after introduction of rotavirus vaccine the same 
author reported that G1P[4] was the most prevalent 
)87.5%( followed by G9P[8] )57%( and G1P[8] 
)18.5%(.20 The other strain combinations were reported 
pre- and post-vaccination )Table 3(. High incidence of 
G2P[4] was summarized in Table 3 & Figure 2. After 2 
years of rotavirus vaccination program, it was reported 
that the rates of strain combinations were G1P[8], 
G2P[4], G9P[8], G12P[8], and G1P[8] dropped from 
51% to 37.1%, while G2P[4] increased from 21.6% to 
33.3%18 )Table 3(.

In Morocco, prior to rotavirus vaccination, incidence 
of G1P[8] was the highest followed by G2P[4], G9P[8], 
G2P[6], G4P[8], and G3P[8]. The rare reported strains 
were isolated, all of which represented approximately 
6% of rotavirus strains. Stimulatingly, the emergence of 
G9P[8] strain was the second most common prevalent 
strain before vaccination )30.5%()Table 3(. 

Both G4P[8] and G3P[8] strains were reported at 
low rate pre-vaccination. After vaccination, G1P[8]  
continued to be the most frequent strain followed by 
G2P[4] and G4P[8]. One year later, G2P[4] strains 
were the most common, followed by G1P[8], and 

G9P[8].  
Three years after vaccination, a huge change was 

reported in rotavirus strains. G1P[8] was not found, 
but G9P[8] and G2P[4] were found at 67% and 
33%, respectively.21,22 In Yemen, G2P[4] strain was the 
predominant type )55%(, followed by G1P[8] )15%( 
post-vaccination. Furthermore, G1P[8] strain was the 
prevalent strain )31%(, followed by G9P[8] )27.5%(,19   
and the report from Yemen by Banajeh and Abu Asba 
)2015( showed that G1P[8] had increased from 45.5% 
to 87.5%, while G2P[4] dropped from 76.5% to 
only 2 strains post-vaccination. However, G9P[8] and 
G9P[4] strains were not reported before vaccination, 
but became more common representing 57% and 14%, 
respectively, post-vaccination.20 

Discussion. The routine follow-up for the efficacy 
of rotavirus vaccine is essential in all countries that 
use rotavirus vaccine in their national immunization 
programs.5 This study aimed at identifying any alteration 
in the rotavirus strain prevalence in EMR countries after 
the introduction of vaccine in immunization programs. 

There are many clinical and epidemiological 
researches that have examined rotavirus strains before 
the vaccine introduction. The results of these researches 
were fully described, especially in EMR countries 
having high endemicity.6,18,20,26,35,43,49 A small number of 
researches in the EMR )only 5 studies( have investigated 
the rotavirus strains during post-vaccination period.18-22  

The pooled proportion of rotavirus strain detection 
among children under 5 years in EMR countries was 
33.23% )with range from 9.1 to 59.1(.  In comparison 
to other regions, the EMR is in the middle between 
the higher level )45%( reported in Asia and lower level 

Figure 2 - The circulating Rotavirus strains prior and post vaccination in Saudi Arabia, Morocco and Yemen.
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found in Africa )24%(.50-52 The findings of this review 
are similar to reviews of global and other regions on 
rotavirus strain prevalence as reported earlier.52-54 The 
recent report on the rotavirus detection rate in WHO 
regions showed that the rate of detection dropped slightly 
over the last years in all WHO regions except the Latin 
American region. The detection rate started to decrease 
rapidly in 2008, and the rate of rotavirus detection in 
Northern African countries dropped to 18% in 2012.55 
This systematic review related to rotavirus strains among 
children under 5 years in the EMR countries showed 
endemicity of rotavirus infection as the leading cause of 
diarrhea among children. 

Recent estimates show that rotavirus  among 
children causes 65,000 deaths every year in the EMR, 
which can be prevented through an effective rotavirus 
vaccination program.53 The infections are higher among 
hospitalized children )40%( than outpatient children 
)23%(.53 Several EMR countries have included rotavirus 
vaccine in their national vaccination programs since 
2008; however, the prevalence of rotavirus is still high 
in these countries.18-22 There is a need for continuous 
monitoring of rotavirus vaccine effectiveness and any 
alteration in the rotavirus strain prevalence. 

It is important to probe rotavirus strain changes or 
mutation. This review found 5 studies from 3 EMR 
countries )Yemen, Saudi Arabia, and Morocco(, which 
provided information on the rotavirus strain prevalence 
post-vaccination. The diversity of rotavirus strains in 
these countries has been discussed and explained. 

A recent systematic review on the efficacy of 
rotavirus vaccine in high- and middle-income Latin 
American countries reported that both rotavirus 
vaccines protect from rotavirus and this protection is 
against varies types of rotavirus strains. The rotavirus 
vaccine introduction could not provide selective 
pressure on the emergence of rotavirus strains. Previous 
reports on the effects of rotavirus vaccine showed that 
the vaccine provided protection against rotavirus strains 
and did not induce development of new rotavirus 
strains due to the pressure of the utilized vaccine.56 The 
rotavirus strain distribution in the post-vaccination 
period showed different circulating strain prevalence 
compared to pre-vaccination period in EMR countries. 
An interesting finding was reported from the countries 
with post-vaccination studies )Saudi Arabia, Morocco, 
and Yemen(,18-22 that used Rotarix vaccine. Uncommon 
and rare rotavirus strain combinations continue to 
appear and may cause local epidemics, even in countries 
having immunization programs. Furthermore, strains 
used in vaccine have been found in both vaccinated and 

non-vaccinated children, and this is possibly because of 
vaccine pressure. 

During pre-vaccination period, specific rotavirus 
strains were highly prevalent in some countries with 
different strains. Detected strain at pre-vaccination 
period in EMR countries showed that G1P[8] strain 
was the most prevalent circulating strain in most EMR 
countries;10,23,26,29-31,34 the second most co-dominant 
circulating strain was G9P[8] followed by G1P[4] 
strain.20,33,38  During post-vaccination period, the 5 
studies included have shown that the dominant strains 
in Saudi Arabia were G1P[8], G9P[8], and G2P[4],18 as  
were G1P[8] and G9P[8] in Morocco and Yemen.19-21  A 
report from Saudi Arabia by Al-Ayed et al18 found high 
distribution of G2P[4] in the post-vaccination period. 
There was difficulty in detecting G9P[8] and G12P[8] 
strains because of the low recognition rate of these strains 
during the period of study. The investigation of the rare 
strain G2P[4] in countries other than Saudi Arabia using 
the same vaccine showed contradictory findings. Recent 
reports showed a large-scale detection of G2P[4] strain 
during the post-vaccination period,9,17,57-59  which was 
also observed in countries without rotavirus vaccination 
program. This is because of natural influences on 
rotavirus circulating strains60,61 and it is not associated 
with vaccination. 

Furthermore, other regions also reported 
predominance of rotavirus G2P[4] during the post-
vaccination period, including Nicaragua, Brazil,16 
Colombia, Honduras, Guatemala, and other Latin 
American countries.62 In Yemen, after introduction of 
rotavirus vaccine )Rotarix( in 2012,2 the prevalence 
of diarrhea among children caused by rotavirus has 
decreased.20 There were 4 studies investigating the 
rotavirus strains during pre-vaccination and post-
vaccination periods in Yemen. One study for pre-
vaccination showed that 55% of the rotavirus strain 
combinations were G1P[8], followed by G9P[8] )21%( 
and G2P[4] )12%(, but these findings were limited 
because the study was conducted only in one city 
)Sana’a( in the highlands of Yemen.39  

Another study, which was conducted in 2 Yemeni 
cities )Taiz and Aden(, included pre- and post-
vaccination statistics. The findings reported that the 
predominant strains were G1P[8] )45.5%( and G2P[4] 
)76.5%(. There was a new emergence of G9P[8] after 
Rotarix vaccination, caused by geographical and weather 
variations.20 Banajeh et al,20 reported a significant 
38.3% drop in G2 circulating strains post-vaccination, 
although they were not covered in the Rotarix vaccine. 
The G1 circulating strain has insignificantly reduced 
from 41.3% to 33.3% after rotavirus vaccination. 
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Furthermore, G9 circulating strains significantly 
became high after vaccination, with the occurrence of 
new strains including G9P[8] and G9P[4], which were 
not reported before vaccination.19,20 Findings from 
Yemen studies indicated that differences in prevalent 
strains of rotavirus occurred independently and were 
not associated with rotavirus vaccination. Other 
evidence supports that Rotarix protects against G2P[4], 
G9P[4], and G9P[8].19,20 In Morocco, the rotavirus 
vaccine )Rotarix( had been included in the national 
immunization program in 2010.2 A recent study on 
the effect of Rotarix on rotavirus strains showed a 
significant reduction in the rotavirus prevalence among 
children )41% to 24%(.21 The period after vaccination 
was characterized by an emergence of a high rate of 
G2P[4] strain, which was the most circulating strain 
after 2 years of rotavirus immunization.21  G2P[4] strain 
emergence may be correlated to weather variation and 
not vaccine pressure; these findings are similar to the 
report from Yemen.20  Same findings of high G2P[4] 
prevalence have been shown by several non-vaccinated 
Asian, Latin American, and African countries.63-67 
Furthermore, G2P[4] has also been shown as the most 
common circulating strain in non-vaccinated countries 
in Europe and Central America.68,69 Thus, the high 
rate of G2P[4] after Rotarix vaccination reported in 
Morocco and Yemen needs continuous monitoring and 
full investigation, which could be due to geographical 
and weather variations and not due to vaccine influences. 

Furthermore, G9P[8] strain emerged as the most 
prevalent strain after 3 years of immunization in Morocco 
)67%(, followed by G2P[4] strain )33%(. G9P[8] and 
G2P[4] strains were found to have high prevalence post 
Rotarix vaccination in other countries.17 Emergence of 
new different strains had also been reported during the 
pre-vaccination period in Morocco,34 and Australia.17  

Furthermore, the herd immunity after national 
vaccination programs including rotavirus vaccine 
could enhance the protection of rotavirus transmission 
and decrease the rotavirus proportion in the above-
mentioned countries. However, this systematic study has 
generalizable findings. It has several limitations such as 
lack of published studies in the EMR at post-vaccination 
period and lack of appropriately conducted studies in 
the EMR countries post rotavirus vaccination, which 
may lead to underestimation of the prevalent rotavirus 
strains during post-vaccination period compared to 
pre-vaccination period. In fact, the 35 studies included 
with rotavirus strains were from 13 countries out of 
21 EMR countries. The inappropriateness of reported 
data limited the ability to find seasonal influences and 
related geographic effects of rotavirus distribution.

In conclusion, rotavirus circulating strains in the 
EMR have been altered post rotavirus vaccination, 
and G9P[8], G2P[4], and G9P[4] strains became 
more dominant. However, despite the changes seen in 
the rotavirus circulating strains post-vaccination, the 
situation did not show any significant differences due to 
rotavirus vaccine use. This review showed a significant 
reduction in rotavirus distribution in EMR countries 
especially post-vaccination. The change in prevalent 
strains and increase in circulation of G2P[4] during 
post-vaccination period need further monitoring. 

This systematic review provides details on rotavirus 
strain prevalence in EMR countries and is a starting 
point on which prevalent strains in other WHO regions 
can be evaluated pre- and post-rotavirus vaccination. 
Moreover, detection of new emergent rotavirus strains 
post vaccination requires development of rotavirus 
vaccines currently in use. 
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