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Simple Summary: Group A rotaviruses are the most common cause of acute gastroenteritis affecting
Egyptian children under the age of five, with symptoms ranging from asymptomatic infection
to severe dehydration or death. In the present work, diarrheal samples from Egyptian children
admitted to gastrointestinal pediatric wards of two main governmental hospitals were collected
and molecularly analyzed for Group A rotavirus. Our findings revealed that rotaviruses accounted
for more than one-sixth of all cases under study, peaking in the winter. G1P[8] was the most
prevalent rotavirus genotype in this study. The two cell lines used in our work coherently isolated
and propagated rotavirus strains. Continuous rotavirus detection and genome sequencing of the
successfully isolated strains will be recommended in the future in order to support the control of
such viruses, and tackle the problem in Egypt.

Abstract: The most prevalent cause of infectious neonatal diarrhea is Group A rotavirus (RVA).
Unfortunately, there is a dearth of data on the incidence of rotavirus-associated infections among
Egyptian children. The present study aimed to isolate, propagate, and genotype human rotaviruses
circulating among Egyptian children with acute gastroenteritis admitted to two main university
pediatric hospitals, Abo El-Reesh and El-Demerdash, over two consecutive winters, 2018-2020.
Diarrheal samples (n = 230) were screened for Group A rotavirus RNA using RT-PCR assay. In
positive samples (1 = 34), multiplex semi-nested PCR was utilized to determine G and P genotypes.
Thirty-four (14.8%) of the collected samples tested positive. The genotype distribution revealed that
G1P[8] was the predominant rotavirus genotype throughout the current study. All rotavirus-positive
fecal samples were passaged twice on human colorectal adenocarcinoma cell line (Caco-2) and rhesus
monkey kidney epithelial cell line (MA104). Both cell lines could successfully isolate 14.7% (1 = 5 out
of 34) of the identified strains; however, Caco-2 cell line was shown to be more efficient than MA104
in promoting the propagation of human rotaviruses identified in Egyptian children’s feces.
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1. Introduction

Human rotavirus (RV) infections are still the primary cause of acute gastroenteritis in
infants and children under the age of five in both developed and developing countries, with
symptoms ranging from asymptomatic infection to severe dehydration or death [1]. Ac-
cording to epidemiological studies, this RNA virus is the top leading cause of non-bacterial
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gastroenteritis, accounting for more than 50% of all occurrences of intestinal viral infection
in children [2—4]. Globally, rotaviruses cause about 114 million episodes of self-limiting
acute gastroenteritis, 24 million clinic visits, 2.4 million hospitalizations, and more than half
million deaths in infants and young children every year [5,6]. RVs are nonenveloped and
double-stranded RNA viruses that belong to the Reoviridae family [7]. The virion consists
of three protein shells surrounding 11 segments of dsSRNA encoding six structural proteins
(VP1-VP4, VP6, and VP7) as well as six nonstructural proteins (NSP1-NSP6) [8]. Based on
the sequences of VP7 (G-type antigen) and VP4 (P-type antigen), RVs could be classified
into different genotypes. Until now, 42 G-types and 58 P-types have been described world-
wide [9]. RVs are classified based on a group antigen in VP6 capsid protein into nine groups,
designated as A-D and F-J [10]. Group A rotaviruses (RVAs) are the most prevalent, and
they are to blame for children’s hospitalizations worldwide [5,10,11]. In Egypt, they are
responsible for 40-60% of fall and winter cases [12] and research has shown that clean water
supplies and improvements in sanitation have minute effects in preventing RVA-induced
diarrhea [6,13]. Two live, attenuated RV vaccines are commercially available and are being
introduced into countries across the world. Rotarix® (GSK Biologicals, Rixensart, Belgium,
prequalified in 2009) is an attenuated G1P[8] human RV strain that has demonstrated high
vaccination efficacy in Europe and Africa. RotaTeq® (Merck & Co. Whitehouse, New Jersey,
USA, prequalified in 2008) is a bovine human RV reassortant vaccine that has been shown
to be effective in the United States, Europe, and Africa [14,15]. Rotavac (Bharat Biotec,
Hyderabad, India, prequalified in 2018) and Rotasiil (Serum Institute of India, Pune, India,
prequalified in 2018) are two other attenuated vaccines that are only in use in India (both
vaccines) and Palestine (Rotavac only) [16,17]. Circulating RVs are antigenically varied,
both geographically and temporally, and there are worries that the vaccination may not
protect against all strains that cause viral infection [18]. Africa and Asia, without a doubt,
have a greater strain variety and variability than Europe or the United States [19]. As
RV vaccinations are being launched internationally, it is critical to examine the diversity
of strains circulating in countries such as Egypt. Rotavirus detection generates valuable
data on the circulating RV strains. These data are vital to improve vaccine development,
tracking emergent types and helping to assess vaccine effectiveness, and changes in strains
diversity after vaccines have been introduced [20]. Therefore, the objectives of this study
were to identify the genotypes of the circulating RV strains in a cohort of Egyptian children
ranging from birth to five years of age admitted to two main university pediatric hospitals,
as well as to compare isolation efficiency of human rotaviruses from Egyptian infants using
human colorectal adenocarcinoma (Caco-2) and rhesus monkey kidney epithelial (MA104)
cell lines.

2. Materials and Methods
2.1. Specimen Collection and Study Design

This is a cross-sectional study in which samples were collected from many different
individuals at a specific time and variables were observed without influencing them. Two
university pediatric hospitals in Egypt, Abo El-Reesh and El Demerdash, each with roughly
3500 beds, were selected as specimen collection sites. These are two primary public hospitals
in the Great Cairo area, serving millions of children from Egypt’s urban, semi-urban, and
rural areas, as well as serving as referral hospitals for patients from all over the country.
Furthermore, they are public hospitals with gastrointestinal pediatric wards that serve a
broad community. The fecal samples were obtained from children under the age of five
who were hospitalized or visited the emergency pediatric wards of the aforementioned
hospitals over two consecutive winters (December 2018 to April 2020) (Figure 1). Samples
were gathered in clean collecting containers and transferred to Ain Shams University’s
microbiology and immunology laboratories under cold circumstances.
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Figure 1. Flow chart summarizing the cross-sectional study of rotavirus cases among children with
gastroenteritis in two Egyptian University Hospitals.

2.2. Ethical Approval and Consent

After receiving written consents from the participants” guardians, the sampling was
carried out. In compliance with the Declaration of Helsinki principles, the ethics committee
of the Faculty of Pharmacy, Ain Shams University in Cairo, Egypt approved this study
(ENREC-ASU-2019-83).

2.3. Demographic Data Collection and Specimens Processing

Clinical data such as the children’s age, gender, place of accommodation, date of
hospitalization, date of fecal collection, and frequency of diarrhea (number of episodes
per day) were all collected. For each specimen, 1 g of feces was weighed, diluted 1:10 in
phosphate buffered saline (PBS), pH 7.2, and vortexed for 1 min. At room temperature,
samples were cleaned by centrifugation at 7000 rpm for 10 min. The recovered supernatant
was utilized to extract viral RNA. For isolation, the acquired supernatants were filtered
through 0.22 pm syringe filter (Catalog number: SCA020025K-S), (CHM LAB, Terrassa,
Barcelona, Spain) and kept at —80 °C until use [21].
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2.4. Viral RNA Extraction

The RNA was extracted from membrane-filtered (0.22 pm) stool supernatant using the
Gene]ET RNA Purification kit (catalog number: K07321) from Thermo Scientific (Waltham,
MA, USA) according to the manufacturer’s instructions. For subsequent investigation, the
isolated dsRNA was kept at —20°C [22].

2.5. Molecular Detection of Rotaviruses Using VP6 Segment

The extracted dsRNA was utilized as a template for one-step RT-PCR, with reverse
transcription and PCR amplification of the VP6 fragment using one-step MaximeTM RT-
PCR PreMix (catalog number: 25131), (iNtRON Biotechnology, Seoul, Korea) according
to the manufacturer’s instructions. To amplify the 824-bp VP6 fragment, a primer set
(forward primer VP6-F-5'-GGCTTTWAAACGAAGTCTTC-'3 and reverse primer VP6-R-5'-
GGTCACATCCTCTCACT-'3) was utilized as described by Matthijnssens et al. [23]. The
PCR settings are included in the supplementary material (Supplementary Table S1), and
the PCR products were identified by agarose gel electrophoresis (1.5% agarose in Tris-acetic
acid-EDTA buffer (0.089 M Tris, 0.089 M acetic acid, 0.002 M EDTA, pH 7.5), containing
0.5 pg/mL ethidium bromide). Under a UV transilluminator, amplicons stained with
ethidium bromide were examined and the sizes of the DNA fragments were determined
by comparison to a 100 bp DNA ladder (GeneRuler 100 bp DNA ladder, Thermo Fisher
Scientific, Waltham, MA, USA).

2.6. Cell Lines and Positive Rotavirus Samples Isolation and Propagation

The rhesus monkey kidney epithelial cell line (MA104), (ATCC, Manassas, VA, USA)
and human colorectal adenocarcinoma cell line (Caco-2), (ATCC, Manassas, VA, USA) were
kindly provided by Dr. Abdou K. Allayeh, (Environmental Virology Laboratory, Water
Pollution Research Department, National Research Centre (NRC), Egypt). The Caco-2
cell line was first isolated in 1977 from a 72-year-old Caucasian male colonic tumor [24].
Upon differentiation, those cells showed morphological and biochemical characteristics of
small intestine enterocytes. Caco-2 is considered an excellent in vitro model for intestinal
epithelium [25]. MA-104 cells are an established cell line derived from fetal rhesus monkey
kidney and the first line to isolate rotaviruses with high selectivity [26]. All PCR positive
rotavirus samples were subjected to isolation and propagation using both cell lines. For
viral activation, each sample was incubated at 37 °C for 30 min following gentle mixing
with 1 pg/mL of TPCK-Treated Trypsin (catalog number: 20230), (Thermo Scientific,
Waltham, MA, USA). Simultaneously, DMEM maintenance medium containing 2% fetal
bovine serum (FBS) was utilized. To ensure that the monolayers were properly infected,
the growth media was removed and the cell monolayers were washed three times with
5 mL of sterile pre-warmed PBS. This step is critical since FBS suppresses RV activation
(proteolytic priming) [27]. After activation, each sample was inoculated into a confluent
monolayer of MA104 and Caco-2 cells, gently mixed and incubated in a CO; incubator
at 37 °C for 30 min to allow viral adsorption. The flasks were then filled with 10 mL of
pre-warmed DMEM medium. Finally, the infected flasks were checked microscopically
on a daily basis for the existence of cytopathic effect (CPE); cells shrank rapidly, became
dense in a process known as pyknosis, detached from the glass, and died [28]. For further
propagation, the infected cells were freeze-thawed three times and inoculated onto fresh
confluent monolayer cells for another passage after virus activation with treated trypsin as
described above. Usually, RV CPE is observed after multiple passages, however, the absence
of CPE after six passages, considering RV isolation negative [29,30]. Cell monolayers were
photographed using an inverted microscope (Olympus Corporation) equipped with a
digital camera. For virus preservation, the infected cells were freeze-thawed three times,
then centrifuged, and the clarified virus supernatants were aliquoted and kept at —80 °C
for long-term preservation [31].
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2.7. Molecular Typing of Positive Samples Using VP7 and VP4 Segments

With slight modifications, the VP7 and VP4 genotyping was performed using a multi-
plex RT-PCR technique reported by Gouvea et al. [32] and Gentsch et al. [33]. To amplify
the genes of interest, a reverse-transcription step was followed by a PCR step using spe-
cific primer pairs ((Beg9/End9) for VP7 and (Con2/ Con3) for VP4) as terminal primers.
Afterwards, a semi-nested PCR was performed using specific primers to detect the viral
genotype (see Appendix A and Supplementary Tables S2 and S3). The amplicons were
separated using 1.5% agarose gel electrophoresis, and the genotype was determined based
on the product size [34]. The band sizes of the predicted G- and P-types, which were
utilized to interpret human rotavirus G/P typing, are provided in in the supplementary
material (Supplementary Table S4) [32-34].

2.8. PCR Products Sequencing

The MEGA total fragment DNA purification kit (iNtRON Biotechnology, Seoul, Korea)
was used to purify PCR products of a selected rotavirus strain, RVA144, as directed by the
manufacturer. The nucleotide sequences were analyzed using an ABI Prism® 310 Genetic
Analyzer (Colors-Lab, Cairo, Egypt). An aliquot (10 pL) of each fragment was sequenced
from both the forward and reverse directions with the same primer pairs listed in the
PCR section (VP6-F/VP6-R for VP6, Beg9/End9 for VP7, Con2/Con3 for VP4), using an
ABI Prism Big dye termination cycle sequencing kit (Applied Biosystems, Foster City, CA,
USA). Using the BioEdit v7.2.5 software, the obtained ABI sequence files were assembled
into final contigs [35]. The National Center for Biotechnology Information (National
Institutes of Health, Bethesda, MD, USA) BLASTn (basic local alignment search tool)
server was used to search the GenBank database for nucleotide sequence similarity (https:
/ /blast.ncbinlm.nih.gov/Blast.cgi, accessed on 15 December 2021). Molecular Evolutionary
Genetics Analysis (MEGA) X software v.10.1.7 was used to calculate multiple sequence
alignments [36]. The VP6, VP4, and VP7 nucleotide sequences were aligned to those of
human rotaviruses in the GenBank database before being submitted to the NCBI and
assigned to accession numbers.

2.9. Nucleotide Sequence Accession Numbers and Phylogenetic Tree Construction

The following are the GenBank accession numbers for the submitted sequences de-
scribed in this study: OL963766, OL963767, and ON152314. The acquired VP6, VP4,
and VP7 sequences were aligned and compared to the other rotaviruses, VP6, VP4, and
VP7, sequences in the Genebank database (www.ncbi.nlm.nih.gov/genbank/, accessed on
21 December 2021). To investigate the genetic relatedness of the selected rotavirus strain
(RVA144) in the present study to other rotavirus strains in the Genebank database, phyloge-
netic analyses for VP6, VP4, and VP7 genes were generated by the Maximum Likelihood
(ML) approach using MEGA X software v.10.1.7 [36]. The tree was drawn to scale, with
branch lengths measured in the number of substitutions per site. This analysis involved
100 nucleotide sequences. Phylogenetic distances were evaluated by the Tamura-Nei model
using 1000 iterations for the bootstrap analyses implemented in the Molecular Evolution-
ary Genetics Analysis (MEGA) X software v.10.1.7 (www.megasoftware.net/, accessed on
23 March 2022) [36,37].

2.10. Statistical Analysis

For statistical analysis, the GraphPad Prism application version 5.0 was used. The
Chi-square test was used to analyze the significance of rotavirus infection rates across
gender and seasons as well as variations in viral infection frequencies among age groups.
All tests were two-tailed, testing for the possibility of the relationship in both directions. If
the p-value was 0.05 or lower, the result was labeled as significant.
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3. Results
3.1. Virologic Detection of Rotaviruses in Clinical Samples

As shown in Table 1, a total of 230 fecal samples (128 from males and 102 from females)
were obtained from children under the age of five who were hospitalized in the emergency
pediatric wards of two major pediatric hospitals (Abo El-Reesh and El Demerdash) in Cairo,
Egypt. Only 23 (18%) male and 11 (10.8%) female cases tested positive for rotavirus, with
an age mean of 0.92. Most of the positive rotavirus cases were in children under the age of
two years. A total of 25 of them (28.0%) were less than one year old (76% of them in the age
group 6-12 months) compared to 64 negative RV cases. A total of 8 RV cases (6.0%) were
between one and two years old, compared to 125 negative RV cases. Except for the summer
season, rotavirus was discovered throughout the year; nevertheless, there was an evident
seasonality of rotavirus diarrhea, with a larger prevalence in the winter (18.1%), followed
by spring (15.1%), and autumn (7.3%). The present cross-sectional study included more
children from metropolitan regions (Cairo and Giza) rather than the rural areas in either
the RV (34 cases) or the non-RV (196 cases) groups, with no significant difference between
the two groups.

Table 1. Distribution of positive rotavirus (RV) samples in relation to gender, age, season,
and residency.

RV Positive RV Negative
Variable n =34 n =196 p-Value
N (%) N (%)
Male 23 (18.0) 105 (82.0)
Gender Female 11 (10.8) 91 (89.2) 0.130
<1year 25 (28.0) 64 (72.0)
Age >1 year-2 years 8 (6.0) 125 (94.0) <0.001 **
>2 years 1(12.5) 7 (87.5)
Autumn 3(7.3) 38 (92.7)
Spring 8 (15.1) 45 (84.9)
Season Summer 0(0) 9 (100) 0.100
Winter 23 (18.1) 104 (81.9)
Cairo 15 (15.6) 81 (84.4) 0,300
Residence Giza 17 (16.2) 88 (83.8) ’
Others 2 (6.9) 27(93.1)

** p < 0.001 highly significant.

3.2. Isolation and Propagation of Detected Rotavirus Using Different Cell Lines

Caco-2 and MA104 cells were infected with a subset of the identical 34 rotavirus-
positive fecal samples and passaged twice. The CPE began to appear as the subculture
continued, and the time needed for a lesion to appear gradually decreased as the number of
passages increased, indicating a gradual increase in virus infectivity. In Caco-2 cells, 5 out of
34 (14.7%) RV strains were isolated on the first passage, and all 5 strains passed the second
and third passage well. On the other hand, MA104 cells did not support the growth of the
virus on the first passage. However, 3 out of the 34 (8.82%) strains identified on MA104 cells
grew on the second passage, while only 2 grew on the third one. Finally, 5 of the 34 strains
developed CPE in Caco-2 cells on the first and second passages (Table 2). It should be
noted that the strains (1 = 5) propagated successfully on Caco-2 cells were the same as the
strains propagated on MA104 cells. Caco-2 cultures supported rotavirus proliferation of a
substantially higher number of isolates than MA104 cells in the first and second passages.
It should be emphasized that the isolated RVA strains exhibited different degrees of CPE,
where some strains showed complete (total) destruction of the mammalian cell monolayer
while others produced partial (subtotal) destruction of the monolayer (Table 3, Figure 2).
As shown in Table 3, RVA144 was the only strain that caused complete destruction for both
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cell lines mentioned above and exhibited the most severe form of CPE, where all cells in
the monolayer became rounded and detached from the glass within three days.

Table 2. Propagation of positive rotavirus samples * using MA104 and Caco-2 cell lines.

Cell Line Passage Number No. of RVA Strain(s) Isolated RVA Strain (s)
MA104 First passage 0 None
Second passage 3 RVA144, 113, 206
Third passage 2 RVA 111, 163
Caco-2 First passage 5 RVA144,113, 163,111, 206
Second passage 5 RVA144, 113,163,111, 206
Third passage 5 RVA144, 113,163, 111, 206

* The number of positive rotavirus samples detected by PCR was 34.

Table 3. Cytopathic effect of the isolated RVA strains.

RVA Strain MA104 Caco-2
144 * Complete Complete
113 Partial Complete

206 Complete Partial

111 Partial Partial

163 Partial Partial

* RVA144 was the only strain that caused complete destruction for both cell lines.

Figure 2. Development of cytopathic effect on Caco-2 and MA104 cell lines during isolation of
rotavirus: (A) control Caco-2 cell line after 3 days of propagation; (B) infected Caco-2 by positive
sample of rotavirus showing partial CPE; (C) infected Caco-2 cells by positive sample of rotavirus
showing complete CPE; (D) control MA104 cells after 3 days of propagation; (E) infected MA104 by
positive sample of rotavirus showing partial CPE; (F) infected MA104 by positive sample of rotavirus
showing complete CPE.

3.3. G/P Typing of the Isolated Rotavirus Strains

The G- and P-types could be attributed to 34 (14.7%) rotaviruses out of the 230 diarrheal
episodes investigated. Among the typed strains, G1 was the only recognized G genotype
(100%) and P[8] was the only detected P genotype (100%). Ultimately, rotavirus G1P[8] was
found to be the single genotype detected in the clinical samples of the present study.
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3.4. Phylogenetic Tree Analysis

When the VP6, VP4, and VP7 segments of the isolated strain RVA144 were analyzed,
they were closely related to those of human RVA strains and particularly had human
Wa-like constellations with nucleotide similarity up to 99.78, 99.66, and 99.90%, respectively.
They were clustered with all human RVA strains in the phylogenetic analysis. As shown in
Figure 3, the RVA144 VP6 segment was closely related to human RVA Wa strain in the USA
and South Africa. Regarding the VP4 and VP7 segments, they were also closely related to
human RVA Wa strain in the USA as well as those identified in USA labs.
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KC580415.1 Rotavirus A strain RVA/Human-wt/USAIDC5423/1991/G1P8 segment 4 outer capsid spike protein VP4 (VP4) gene complete cds
KC442917.1 Rotavirus A strain RVA -w."""ISMDCS%EJHHJJGlPasgamentdou(ercagglgsFlkeEro{emm ;ﬁ Senecomﬁletecds
id spike protein

KC580557.1 Rotavirus A strain RVA WU G1P8 segment 4 outer cay ike jene complete cds
FJ947796.1 Rotavirus A human/Bet usda!DCiTElJlEQllG!FEse ment 4 VP4 uj
KC580471.1 Rotavirus A strain RVAHuman-wt/USAIDC IGLP8 mix eoyFe 4 outer capsid spike protein VP4 ﬂ] enecnmpletecds
KC579975.1 Rotavirus A rwnRVAHumar m:USAJDCMUSIl!!lJGlP&s ment4 o rcapsMsplkeprutemVFd(VP gene complete C s
KU861415.1 Human rotavirus A strain RYAHuman-{c/USA/ IJC44 / Bk 8 VP4 (VP4) gene partial cds
KUB61404. rus A strain RVAHuman-c/USAID! 56-20 HTH988/G1P VPA Pd gene partial cds
KTt . HumanmlavrusAslranRVA‘ uman MUSMDCMSS-WHT!E&HMP VP4 (VP4] gene partial cds
K1695008.1 Human rotavirus A strain RVAHuman-c/USAID C 40-HT/188/G1P8 VP4 P4 gene complete cds
KT695030.1 Human rotavirus A strain RVA u an-to/USAIDC GJlBB&lGlPaVPA gene complete cds
KT695041.1 Human rotavirus A strain RVA! uman 1dUSAJDC4455-5MGJl! 1P P4) gene partial cds
KT694997.1 Human rotavirus A strain RVAIHuman-wt/USA/DCA4455/1988/G1P8 VI (VPA] jene complete cds
KC579806.1 Rotavirus A strajn RVA um....uJSMDCZEEIIWBIGIPSse ment 4 outer capsid spike protein VP4 L ene complete cds
KC580437.1 Rotavirus A strain RVA! u.m...“u JUSAIDC1292/1980/G1P8 segment 4 outer ci pSIdSplkepm!EmVF VP4 gene complete cds
KC579895.1 Rotavirus A strain RVAHuman-wt Sﬁncmlgj 980/G1P8 segment 4 outer capsid spike protein VP4 [VP4) gene complete cds
KEE80311.1 Rotavirus A strain RYAHuman-wilUSAIDC54131991/GIPS sedment 4 outer capsms?\k wprolelnvpd ) gunecompletscds
HM773879.1 Rot amrusA1umanlae|1estC2141;1977§G4Pgseqmemd 4§F:jg
e

+L|
g
=
é

P

HM773923.1 Rotavirus A human/Bethesda/DC4S! 4 VP4 (VP4) gene comp lete cds

HM773934.1 Rotavirus A human/Bett s DCI) l977JGdPBseﬂ’menMVPd gene compl

ethe: lete cds
—_— KJ559045.1 olawrusAsimn RVAHu PRY/36SR/2 Bsegmem outer capsid spike protein YP4 (VP4) gene complete cds
LC485134.1 Rotavirus A Oclelia/Tol ol&MRNAseqmemmmplelese
FJ947233.1 Rotavirus A human/BethesdalDC129/1976/G3P8 segment 4 4}VP4) yene complete cds
FJ947884.1 Rotavirus A human(Bet wscaJDCZZEiSJlWGIG!PE segmenl 4VP jene complete cds
FJ947288.1 Rotavirus A human(Bethesda/DC1496/1976/G3P8 se jene complete cds

gv

P
FJ947851.1 Rotavirus A human(Bet lescalDC21211!76!G!Pssegmanl4VP4 P4) gene complete cds
FJ947409.1 Rotavirus A human/BethesdalDC2171/1976/G3P8 segment 4 VP4 (VP4] gene complete cds
— FJ947829.1 Rotavirus A human/Bet mscalDC.IOZJISTGIGJPBsegmenMVN P genecnmrletecds
FJ947266.1 Rotavirus A human(Bethesda/DC133/1976/G3P8 segment 4 VP4 Pft%genecnm ete cds

FJ947211.1 Rotavirus A human/BethesdalDC23/1976IG3P8 segient 4 VP4 ne complete ¢as

FJ947222.1 Rotavirus A human(Bethesda/DC139/1976/G3P8 segment 4 VP ‘{V Penecnmplete cds
354.1 Rotavirus A human/Bethesda/DC1505/1376/G3P8 segment 4 VP: gene complete cds

FJ947420.1 Rotavirus A human/Bet lescaJD 223841976!63% seimemwm P4 gene complete cds

FJ947387.1 Rotavirus A human(BethesdalDC2114/1976/G3P8 seqment 4 VP4 (VP4 gene complete cds

the
EF672570.1 Rotavirus A strain RVA/Human-tc !USAIDJJ.!MGlPl 8 outer caj otein VP4 §ene complete cds
KC579694.1 otawrus A s1ram RVAJHuman wUUSAJ IDC104) 1F8 segmem outer capsid spike protein VP4 (VP4) gene complete cds
AB008280.1 Human rotavirus G3 genomic R \rP se memtl mmg lete cds strain: [TO
KC579963.1 Rotavirus A strain RVA/Human-wt/U! '99/1978/G1P8 segment4 oufer capsid spike protein VP4 (VP4) gene complete cds
L34161.1 Human rotavirus A isolate Wa ou(er capsui rolem (VP4) gene complete cds
JF980831.1 Rotavirus A WaxUK reassortant (UKgdWa) VP4 protem tene complete cds
1196825.1 Rotavirus s? qene 4 complete cd s
FJ423149,1 Human rotavirus A strain Wa variant Wa%sre S ment dsANA 4 complete sequence
FJ423127.1 Human rotavirus A strain Wa variar nt dsRNA 4 complete sequence
Human rutawrus Asirain Wa vamm W 'HBr! sel mem dsRNA 4 compl Iel
KJ659 otavirus A strain RVAHuman-tc/lUSAILS00002/XXXXIG1P8 segmem 4ou(er capsxd splke protein VP4 (VP4) gene complete cds
1G729632.1 Rotavirus A isolate HulWa-20-MAIUSALS? 9 lGlPE VP4 gene complete cd
JX406750.2 Rotavirus A strain Human-{c/lUSAWa/1974/G1P8 segmemd cogyx ete sequence
MT796881.1 Rotavirus A isolate RVAIHuIUSAIWa/1974 VP4 gel lgPB
MG729832.1 Rotavirus A isolate HulWa- 20 MAIUSA NIG VP4 fp
KC580202.1 Rotavirus A strain RVAIRum; GIPS s
KT694986.1 Human rotavirus A strain RVAFH uman 1cJUSA!Wa GO-AGI
KU861382.1 Human rotavirus A strain USAWa-20- HT! 9 MG B 4 enep |al s
KT694942.1 Human rotavirus A slran IHuman wt!USAIWa! {V ene complete cds
KC580448.1 Rotavirus A strain RVAHuman-wtlUSAIDCALS/ 975!GIPB segmen 4 oufer capsid splke protein VP4 (VP4) gene complete cds
KC579986.1 Rotavirus A strain RVAHuman-wt/USAIDC484/1974/G1P8 se mem outer capsid splke pmlem VP4 (VP4 gene complete cds
KT694964.1 Human rotavirus A strain RVAIHuman-tc/USAMa-60-HT/197: P4 (VPd) gen gSl
Kcsanzsz 1 Rotavirus A strain RVAHuman-wtlUSAIDCA44/1975/G: lPﬂ segmenttl outer capsid splke pmmln VP4 AVPLI] ene complete cds
KC579906.1 Rotavirus A strain RVA Human -WUUSAIDC29L 15751le8 se&ment doyter capsm spike Inmtem VP VN}ggene complete cds
KT694953.1 Human rotavirus A strain RVAHuman- u‘JUSA!Wa 40-HT/1 (VP4) gene com
KC580300.1 Rotavirus A strain RVAHuman-wtlUSAIDCA35/197: GlPs 56l mentd nut rc}us«i splke prnlum VP4 (VP4) gene complete cds

H
BEs
5

1 mentdou(erca sid spike protein VP4 (VP4) gene complete cds
e F ke ot (VP4) gene compt

KTEMWSIHuman rolavnusAslranRVAlHuman {cUSAMWa-40-AGI19741G1P8 VP4 (VP4] gene comple ec s
1393.1 Human rotavirus A st c! SAMa 20- AG!]SWGlPEVPA gene partial cds
OL%S?GT 1 Rotavirus A |sn|ate ldd Pd gene cn

KJ699467.1 Rotavirus A strain RVA/Human-lab KrLsuoa 0LIXXXXIGLPB segment 4 outer capsid sp\ke protem /P4 (VP4) gene complete cds
MT025868.1 Rotavirus A strain Wa isolate RVMHuman abUSA/G1P8Malvirulent VP4 (VP4) %ene complete
FJ423116.1 Human rotavirus A strain Wa variant YirWa segment dsRNA 4 complete sequenci

—-—MK '|’\ YT

Figure 3. Cont.
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B- RVA-VP6 Tree scale: 0.01 ——
LC600813.1 Rotavirus A RVAIHuman-wt/KENIKCH148/2019/GAP6 VP6 gene for sIructural rotein YP6 complete CDS
1%230099. Human rotavirus A isolate HuRUSNov11-N2687/G4P6 inner capsid pr 6 (VP6) gene complete cds
GU138213.3 Human rotavirus A strain RVA/Hu erUSlNovosmlrskINMT 07 007!64P(i mner capmd protein VPG (VP6) gene complete cds

HQ811020.2 Human rotavirus A isolate Nov10-N459 inner capsid protein VPG (Vi %P%l éene compl
552053.1 Rotavirus A isalate RVA/Human- wﬂRUSJMuv05| rsklNSlG A519/ 1P8 mner PErntem VP6 (VPB) gene complete cds

KC713901.2 Human rotavirus A isolate Hu/RUSINov12-N5289/2012/G4P6 inner capsm protein V (VP&) gene complet
LC48513 d

5.1 Rotavirus A OdeliaTokyo-1984 RNA seﬂ‘nem 6 complete sequent
LC438383.1 Rotavirus A RVAIHuman-tc!JPNlKUllQ GlPa VP§ gene for suuctural protein VPG complete cds
AB022768.1 Human rotavirus A mRNA for VP6 com

C580496.1 Rotavirus A strain RVAIHumarwnlUSAfDClZﬁMSBWGlPB segmems mner capsid protein VP gene complete cds
KC579739.1 Rotavirus A strain RVA/Human-wtlUSAIDC1212/1980/G1P8 se vﬂlents |nnercap5|d rolem VP6 (VP6) gene complete cds
FJ947776.1 Rotavirus A humaMBethesdalDClSMleBmGSPa ment 6 Pt} gene com&)

C580530.1 Rotavirus A strain RVNHumarewUUSMDCZTI&llW 1P8 9egmenl 6 mner capsu protem VPS P gene complete s
€579634.1 Rotavirus A strain RVAIHuman-wt/USA/DC5 70 79!GlP8 ment mner sid protein VP ene complete cds
LC438925.1 Human rotavirus A RVAlHuman {CIVENIRRY NB1215 3 1387 3P3 gene for pr(nem cnmp ete r. 5

LC438926.1 Human rotavirus A RVAIHuman-tc/VENIRRV NB1215 :!UHBTIGSPE ene for VPG proteln complete cds

FJ947433. owmrusAhumarﬂBethesdatCHMleQﬂGBPaseg ment 6 VIJ! 6) gene col m lete cds

EF426131.1 Human rotavirus A isolate US6253 m rinner capsid proteln‘)G
FJ947521.1 Rotavirus A humardBethesdalDC5549 991/G3P8 segment & V|

—]
C579557.1 Rotavirus A strain Rvmuumaremus.q?nczawmsmes segment § inner capsid protein VP6 (VP6) gene complete cds
(C579568.1 Rotavirus A strain RVA/Human-wt{USA/DC1476/1974/G1P8 segment § |nnercap5|d prulem VPG (VP6] gene complete cds
£579502.1 Rotavirus A strain RVAHuman-wtlUSA/DC582/1979/G1P8 segment 6 inner cap Jaro ein VPG PG}i ene complete cds

ene complel e cds
6; gene complete cds

FJ947941.1 Rotavirus A human/BethesdalDC5553/1991/G3P8 segment 6 VPG gene complete cds
F447865.1 Human rotavirus A strain GX82 segment 6 complete’ se%%nce
F041434.1 Human rotavirus A strain GX54 structural protein VP6 (VP6) gene complete cds

J126830.1 Porcine rotavirus Aisolate LLP48 i |n1erme ate capsid Berotem VP6 gene complete cds

/AJHuman-wt/V! MINT(lSBQJZODﬂJthPG

KF726035.1 Human rotavirus A strain RVAHuman-wt/CHNIE931/2008/G4P6 segment 6 complete sequence

LC569885.1 Rotavirus A RVAIHuman-wt/THA/PK2015-1-0001 VP6 gene for structural protein VP com Iele cds

LC095 880.1 Human rotavirus A VP6 gene for VP6 protein complete cds strain: RVA/Human- cM\lMlN 042/2007/G4P6

Rotavirus A RVA/Human-wt/THA IPKZ 151-0001 J ene for struclural parutem VPG complete cds

KF725057 Human rotavirus A strain RVA/Hu| t6 complete sequence

MT876633.1 Rotavirus A isolate RVNHu!RUSiMoscowlPIZOIS VPG proleln gene complete cds

MH700486.1 Rotavirus A isolate PZ3 inner c?fsnd prolem ene partial ct s

EU753964.1 Human rotavirus G9 strain mes/13-07 VPG protein ‘%ene complete cds

KF021434.1 Human rotavirus A strain GX54 structural protem

KF447865.1 Human rotavirus A strain GX82 seqment 6 complete

EF583024.1 Rotavirus A strain RVAIHuman-tc/USAID/1974/G1P1A8 i |nner capsm rotein VPG ene com lete cds

KC579695.1 Rotavirus A strain RVA/Human-wi/USA/DC104/1974/G1P8 segment 6 inner cap: rotem (1(va ene cnmplete cds
(\SPG)

!-"‘

F726057.1 Human rotavirus A strain RVAHuman-wt/CH IG3P6 segment 6 cumplete sequence
F726068.1 Human rotavirus A strain RVAIHuman-mlCHNJRlSSMZMBIGAPG segment 6 complete sequence

MT876633.1 Rotavirus A isolate RVAIHufRUSlMoscow-lPIZOlS \IPG protein ﬂene complete cds

MK227391.1 Rotavirus A strain RVAIPig-wt/BGl VPS mRNA complete cds

MK227402,1 Rotavirus A strain RVA/Pig- wUBGD! 14020036!(54P49 VP6 mRNA complete cds

MH700486.1 Rotavirus A |solate P23 inner capsid protein gene partial cds

RVAHuman-tc/VNMINT004

— 5 (VPG) gene complete cds

§§

KC560433.1 Rotavirus A strain RYAHuman-wtiUSA 129ﬂ1980!61P8 Segment 6 mner capm prolem VP! gene complete cds
KC579964.1 Rotavirus A strain RVAIHuman-wﬂUSAfDC?QQIlWNGI 8 segmenl 6 inner capsid protein VPG gene comp! ete cds
83.1 Rotavirus A isplate RVA/HU/USAIWa/1974 VPG gene complet? cds

S |
ST

Human rotavirus A strain
MT854381. HnmanmtavnusAstramRVAlHumaanZAFIUF -NGS-MRC-DPRU1009/2006/G1P8 inner capsid protein VPG (VP6) gene partial cds

MT854414.1 Human rotavirus A strain RVAIHuman-wtiZAFJUFS-NGS-MRC-DPRU1019/2006/G1P8 inner capsid protein VPG (VP6) gene partial cds
MT854458.1 Human rotavirus A strain RVAHuman-wtiZAFJUFS-NGS-MRC-DPRU1042/2008/G1P8 inner capsid protein VP6 (VPG) gene partial cds
MT855283.1 Human rotavirus A strain RYAIHuman-wtiZAFIUFS-NGS-MRC-DPRU687(2005/G1P8 inner capsid protein VPG (VPE) géne partial cds
HG&]HSG 1 Rotavirus A RVANaccinelUSA/Rotarix-AROLA490ABI1988/G1P1A8 partial 6 gene for VPG protein
Human Wa rotavirus segment 6 RNA VP6 gene cumglete
KC579546. Rotavirus A strain RVA/Human-wtiUSA/DCA12/1974/G1P8 segment 6 mner ﬁ%)rntem VPG (VPE) gene complete cds
F MT855129.1 Human rotavirus A strain RVAHuman-wtiZAFJUFS-NGS-MRC-DPRU42! 8 inner capsnl pto in VPG (VP8) gene partial cds
MT025871.1 Rotavirus A strain Wa isolate RVA/Human-[ab/USAIG PﬂMa!anenualed VPG (VP6) gene. com lete cds
KC580449.1 Rotavirus A strain RVA/Human-wt{USA/DC419/1975/G1P8 segment 6 inner cap5| protein VP PG gene complete cdls
— KC579987.1 Rotavirus A strain RVAIHumarwnlUSAmcmmwslPB se ment 6 inner cansid protein VPG ene complete cdls
r MT854887.1 Human rotavirus A strain RVAlHuman-wﬁZAFIUFS RC-DPRU2117/200. IG inner careﬂd 0 |n VP& {V/P6) gene partial cds
MT025870.1 Rotavirus A strain Wa isolate RVAHuman-lab SNGlPﬂMaMrulent VPﬁ (vPé) gene complete cds
FJ423118.1 Human rotavirus A strain Wa variant VirWa segment dsRNAG cogH: QDBIG
MT855327.1 Human rotavirus A strain RYAHuman-wtfZA FS U747(2005/G1P8 inner capsid Jlrolem VP6 Pﬁ( P}; ene partial cds
MT854513.1 Human rotavirus A strain RVA/Human-wtiZAFIUFS: Rc DPRU1104/2004/G1P8 inner eapsl protein VI ]ggene partial cds
KUB61383.1 Human rotavirus A strain RVAIHuman-tc/USAWa- 20 HT!1974I 1P8 VPG (VP6) gene complete cds
KC580135.1 Rotavirus A strain RVAIHuman-wtlUSA/DCA25/1975/G1P8 segment 6 inner capsid protein VPG (VPG) gene complete cds
KM027120.2 Human rotavirus A strain sp32628-87 VPG gene partial cds
KM027125.2 Human rotavirus A strain ped6791-91 VPG gene partial cds
KMO027124.2 Human rotavirus A strain &37420-89 g &zsual cds
KT695042.1 Human rotavirus A strain RVAHuman-tc/USA/DC4455-50-AG/1988/G1P8 VPG (VPS) gene complete cds
KT694998.1 Human rotavirus A strain RVAIHuman-wi/USAIDC4455/1988IG1P8 VP6 ﬁg complete cds
KT695009.1 Human rotavirus A strain RVAIHuman tcflJSMD(‘M&W HTIl%BIGlP VP [VP8) gene cumplete cds
KT695020.1 Human rotavirus A strain RVAHuman-tc/lUSA/DCA455-6i Il /GLP8 VPG (VP6) gene complete cds
-1 KUB861405.1 Human rotavirus A strain RVAIHumaMclUSAIDCMSSZ 1988/G1P8 VPG Giene complete cds
KT695031.1 Human rotavirus A strain RVAIHuman-tc/USA{DC4455-40- AGIlQBBIGlPS VPG gene compl Iete cds
KT685031.1 Human rotavirus A strain RVAIHuman-tc/USA/DC4455-40-AG/1988/G1P8 b ene nom
——  KC580312.1 Rotavirus A strajn RVA/Human-wt/USAIDC5413/1991/G1P8 segment § i mner capsl prolem 6 P6) gene comnlete cds
KC579807.1 Rotavirus A strain RVA/Human-wtiUSA/DC255/1979/G 1P8 segment 6 inner capsid protein VP6 (VPG) gene complete cds
- JF490156.1 Rotavirus A humaanmonalCKOl)OO‘HzowGlPs segment 6 inner capsid protein VP6 (VP6) gene complete cds
X57943.1 Human rotavirus VPG é\l
79655.1 Rotavirus A strain RVA/Human-wif{USAIDC4315/1988/G1P8 segment & inner capsid protein VP8 [VP6) gene complete cds
KC579430.1 Rotavirus A strain RVAJHuman-wt{USA/DC4347/1988/G1P8 segment 6 inner capsid protein VP6 (VP6) gene complete cds
KC579513.1 Rotavirus A strain RVAJHuman-wt{USA/DC3669/1989/G1P8 segment 6 inner capsid protein VP6 (VP6) gene complete cds
KC580616.1 Rotavirus A strain RVA/Human-wt/USA/DC3828/1989/G1P8 segment 6 inner capsid protein VP8 (VP5) gene complele cds
KC580214.1 Rotavirus A strain RVAIHuman-wtiUSA/DC3859/1989/G1P8 se&nems mnercapsud I‘I:rolem VP6 (VP6] tene comy
MF469223.1 Rotavirus A strain RVA/Human-lab/USA/Rotarix SSCRTV 000! 6 inner capsid protein VPG ‘(’VPG) gene complete cds
MG571800.1 Rotavirus A clone RVA/Human-wt/VENVMEBA/2015/G1P8 VPG (VP6) gene
LC028932.1 Human rotavirus A VPG gene lnr structural protein cnm lete eds stram RvMHuman!JPNlOSNS Rx/2014/G1P8
HG917356.1 Rotavirus A RVAVaccinelUSA/Rotarix-AROLA490AB/1988/G1 g\enefor VP6 prolem strain
KY616897.1 Rotavirus A strain RVAHuman-wtlJPNIJP11786/2013/G1P8 structural protem P6 gene complete cds
JX843613.2 Rotavirus A strain RVAlHuman -TCIUSAIRotarix/2009/G1P8 structural protein (VP6) mRNA complete
+ HGI17360.1 Rotavirus A RVAHuman-wiiFRAIEB997/2013/G1P8 partial 6 qene for VP6 protein straln RVA/Human- WUFRAIE8997IZMSIGIP8
r KY616905 Rotavirus A strain RVA/Human-wtlJPNIJP12729/2014/G1P8 Structural protein VP6 gene complete cds
54920.1 Human rotavirus A strain RVA/Human- wﬂZAFIUFS NGS-MRC-DPRU22502013/G1P3 inner capsid protein VPG (VPG) gene partial cds
92416 Rotavirus A strain RVA/Human-wt/BEL/IBE00048/2009/G1P8 setul‘Gent 6 inner capsid protein VPG (VP6) gene complete cds
589.1 Human rotavirus A strain RVA/Human-wiiBRA/ma19006-10/2010/G1P8 inner capsid protein gene partial cds
JQ9254511 Human rotavirus A strain RVAIHu-wt/BRA/se15301-08/2008/G1P8 inner capsid protein (VPG]qgene partial cds

MT7968!
0L963766. Rotawrus Aisolate 144 VPRGV%ene complele cds
MT854359. -S-NGS-MRC-DPRU1006/2006/G1P8 inner capsnl protein VPG P3 gene partial cds

Figure 3. Cont.
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G 225777.1 Rotavirus A DxUK reassortant (UKgD) VP7 rotern ene complete cds

15480.1 Rotavirus A strain RVAIVaccine/USAJ GLP5 s ent 9 capsrd glgcnprotern VP7 (VP7) gene partial cds
GU723328 1 Rutavrrus A rsolate DSon outer surface yco rutern VP'l (vp7) m
KCS 696.1 Rotavirus A strain RVA/Kuman-wt

862.1 Rotavirus A strain Rotashield DxRRV VPT gene complete cds

A 118022.1 Human rotavirus A VP7 gene for structural grotern 7 complete cds strain:
EF672574.1 Rotavirus A strain RVAIHuman-tc/USAIDI1974/G1P1A8 outer capsid rotern V7 gene complete cds
GU723367.1 Rotavirus A isolate 8001DC713 outer surface glycoprotein VP7 vp7
GU723338.1 Rotavirus A solate 7502DC5207 outer surface ycoprotein V| mRN partral cds
GU723336.1 Rotavirus A isolate 7501DC435 outer surface g coprotern VP1 vp mRNA partial cds
GU723333 1 Rutavrrus Aisolate 7405DC5188 outer sr;rlace ycoprotern V mRN nyartral cds

ment 9 capsrd glycoprntern VPT (VP7) gene complete cds

KU861395.1 Human rotavirus A strain RVA/Human-tc/US a -20-AG/1974G. ne complete ¢
KCSBMSD 1 Rotavirus A strain RVA[Human- wtlUSAl 9/197! GlPB 9 capsid g ooprntern VP’I (VP7) gene complete cds
KT694944.1 Human rotavirus A strain RVAHuman. AlWal 974/G1 P7 (VP7] gene complete cds
JX406755.1 Rotavirus A strain Human- tclUSAlWal 4/G1Pg segment 9 complete sequence
MT796886.1 Rotavirus A isolate RVAIHuIUSAMallQM VP'I gene com(ple e cds

FJ423143.1 Human rotavirus A strain Wa vas tdsRNA 9 complete sequence
GU723327.1 Rotavirus A isolate Wa outer surtaoe choprotem VP7 (vp7) mRN partial cds
M21843.1 Human rotavirus gene 9 encodin vrral ycolprotern VIP7 complete
MT025872.1 Rotavirus A strain Wa isolate 1P8lWalvrmlent vP? (VPQ gene complete cds
KJ659469.1 Rotavirus A strain RVA/Human- IablUSAlLSOﬂDDllXXXXlGlPB segment 9 capsid glycoprotein VP7 (VP7) gene complete cds
ON152314, 1 Rotavirus A |snlale 14 outer caXlW aﬂ arco'grotern
JX406755.1 Rotavirus A strain Human-tc/U 1P8 segment 9 com lPlete sequence

1T796886.1 Rotavirus A isolate RVAIHu[USAIWal1874 VP7 ene complete cds

GU723335.1 Rotavirus A isolate 7412DC430 outer surface ﬁ})mtem VPT ( vpg mRNA partial cds

KC579988.1 Rotavirus A strain RVAIHuman-wtlUSA/IDC48411974/G1P8 segment capsrd glyooprotern VPT (VP7) gene complete cds
GU723337.1 Rotavirus A isolate 7502DC2333 outer surface ?| ycoprotein VP7 (v
GU723334.1 Rotavirus A isolate 7412DC414 outer surface g cnprotern VP7 vp RNA aI cds
GU723339.1 Rotavirus A isolate 7504DC2360 outer surlam ycoprotein V| mRN artial cds
K1694977.1 Human rotavirus A strain RVAIHuman-tc/US a-4D-AGl1974lGl gene complete cds
KT694988.1 Human rotavirus A strain RVAHuman-tc/USAWa-60-AG[1974/G1P8 VP7 gene complete cds
KU861384.1 Human rotavirus A strain RVA/Human-ic/USAWa-20-HT/1974/G1P8 VP7 gene complete cds

KC443603.1 Rotavirus A strain RVAIHuman-wt/AUS/CK200392008/G1P8 se%ment 9 %srd a cop! rotern VPT7 (VP7) gene complete cds
MN632903.1 Human rotavirus A strain RVAIHuman-wt/RWA/UFS-NGS-MRC-DP apsrd glgcoprotern (VP7) gene complete cds
MW058361.1 Human rotavirus rsolate THﬁBﬁB?B 2019 G1Px outer capsrd lycoprotein VP7 gene partial
MW058360.1 Human rotavirus isolate THAIB§681/2019 G1Px outer capsid glycoprotein VP7 gene partial cds
KX931934.1 Rotavirus A isolate Rotavirus Gl/sewage 2/20151JPN outer capsid protein VP7 gene partial cds
MN478531.1 Human rotavirus A strain RVAlHumarewtlUSAlzo14743 2120 4lG apsrd q c/choaprotern P.$VP7) ne complete cds

1C384335.1 Human rotavirus A RVA/Human-wt/JPNJHKD0825/2016/G1P8 VP7 gene for stru rotein VP7 complete cds
GU723368.1 Rotavirus A isolate 8002DC734 outer surface gI coprotein VP7 vp7 mRNA
GU723355.1 Rotavirus A isolate 7803DC2702 outer surface Mgog)rotem V gvp mRN artral cds
GU565057.1 Rotavirus A strain RVAVaccinelUSAIRotaTeq /1992/G1P7 VP ene complete cds
GUT23351.1 Rotavirus A isolate 7802DCB18 outer surface glycoprotein VP7 (vp7 pama cds
GU723350.1 l'tntavrrus Alisolate 7801DC816 outer surface Ig:n})rotem VPT (vp: mR A partial ¢

KC579808.1 Rotavirus A strain RVAIHuman-wtlUSA/DC25! G1P8 segment capsrd glyooprotem VPT (VP7) gene complete cds
GU377201.1 Human rotavirus G1P8 strain 97TA2271 V7 protein gene complete ¢
GUT23344.1 Rotavirus A isolate 7702DC67 outer surface g I copro in VP7 fvp?;mRNA rtial cds
GU723370.1 l'tntavrrus A rsolate 8002DC767 outer surface g ycnprotern VPT (vp7) mRN partral cds
U26374.1 Group A rotavirus rso late Egyses VP7 protein gen
U26376.1 Group A rotavirus isolate Isr56 VP7 protein gel aI d
GU723344.1 Rotavirus A isolate 7702DC67 outer surface gI cnprotem VP71 ;vp?;mRNA rtial cds
GU723357.1 Rotavirus A isolate 7901DC203 outer surface ycn_nrotem VP7 (vp7) mRN panral cds
U26367.1 Group A rotavirus isolate Brz-5 VP7 protein gene partial
U26368.1 Group A rotavirus isolate Brz-6 VP7 protein gene partial cds
U26365.1 Group A rotavirus isolate B-4 VPT protein gene partial cds
U26363.1 Group A rotavirus isolate B3 VP7 protein gene partral cds
U26362.1 Group A rotavirus isolate Belem -2 UPT protein gene partial cds
D16323.1 Human rotavirus G1 VP7 gfene I major outer capsid protern VPT complete cds isolate: K2
D16343.1 Human rotavirus A mRNA for VP7 complete cds strain; KU
U26376.1 Group A rotavirus isolate Isr-56 VP7 protein gene partial cds
U26374.1 Group A rotavi ms isolate E B VP7 rotern ene pamal cds
D16344.1 Human rotavirus Il type 1 m 7 complet
D16324.1 Proteus vulgaris gene for ma}orouter capsrd protern VP7 cnmplete cds
AB222787.1 Human rotavirus G1 gene for VP7 comple
AB222788.1 Human rotavirus G1 ne forVP7 com Iete cds note: M
MF469224.1 Rotavirus A strarn RVAJHumar-{abIUSARotarix SSCRTV 00092l2016l61PX segment 9 capsid glycoprotein VP7 (VP7) gene complete cds
U88717.1 Human rotavirus g{ 'pmtern vP1 mRNA complete cds
lJ16325 1 Human rotavirus G1 VP7 gene for major outer capsrd protein VP7 complete cds isolate: 80

HO650878.1 Human rotavirus G1P8 Strain 95TA1678 VP7 protein gene complete cds

J0710667.1 Human rotavirus A strain ARG748 outer surtaoe glycnprorern P7 gene comrlete cds
JX458955.1 Human rotavirus A strain ARG698 outer capsid g| ){coprotern VP7 gene complete cds
J0710666.1 Human rotavirus A strain ARG747 outer surtaoe ycnprotern VPT gene comrlete cds
JX458956.1 Human rotavirus A strain ARG64 outer cap coprotern VP1 gene complete cds
J0710662.1 Human rotavirus A strain ARGA11 outer su coprotern VPT gene cnmplete cds
JX458954.1 Human rotavirus A strain ARGB64 outer capsrd [ycoprotern VP7 gene complete cds
JX458953.1 Human rotavirus A strain ARGA32 outer capsid g rooprotern VP7 gene complete cds
J0710667.1 Human rotavirus A strain ARG748 outer surface g ycoprotein VP7 gene complete cds
JX458955.1 Human rotavirus A strain ARG698 outer capsid g| ycoprotern VPT gene oomp ete cds

———JX458956.1 Human rotavirus A strain ARG964 outer cagsrd coprotein VP7 ene com

KT695065.1 Human rotavirus A strain RVAHuman-tc/U 95-40-HT /1 VP9 (VP7] Pene complete cds
D16325.1 Human rotavirus G1 VP7 gene for major outer capsid protein VP7 complete cdsisol
D16323.1 Human rotavirus G1 VP7 gene for maj or nuter capsid gaqrtsm VP7 complete cds isolate:
MF469224.1 Rotavirus A strain RVATHuman-|; otanx 0009212016/G1PX segment 9 capsrd glycoprotein VP7 (VP7) gene complete cds
U88717.1 Human rotavirus glycoprotein VP7 mRNA comple

4666 1 Human rotavirus major outer cagsrd Agg otern QIPT) gene complete cds

HQB50878.1 Human rotavirus G1P8 strai 78 VPT protein géne complete cds
GU377201.1 Human rotavirus G1P8 strain 97TA2271 VP7 protein gene complete cds

ABY 71568 1 Human rotavirus A VP7 gene for VP7 protein complete cds strain: RVAHuman-wt/JPNIBLA007/1981/G1P8

$83903.1VP7 basic neutralrzrgg anugen human rotavirus isolate 1407 mRNA 1014 nt
RVA/Human-wt/JPN/8
RVA/Human-wt/JPN/B1A005/1981/G1P8'
KT695087.1 Human rotavirus A strain RVA/Human-tc/USAIDC3695-40-AGI1989/G1P8 VP7 (Vm J%ene o) oDglete cds
ABI71567.1 Human rotavirus A VP7 gene for VP7 protern complete cds strain: RVA/Human-wt/JPN/81A005/1981/G1P8
AB222781.1 Human rotavirus G1 gene for VP7 complete cds
AB222788.1 Human rotavirus G1 gene for VP7 complete cds note: M-KU-2-114
D16323.1 Human rotavirus G1 VP gene for maror outer ﬁosrd protein VP7 complete cds isolate: K2
ABZH 87.1 Human rotavirus G1 hgene for VP7 Cot

D16343.1 uman rotavirus A mRNA for VP7 complete cds strain: KU
D16324.1 Proteus vulgaris gene for major outer capsid protein VP7 complete cds

Figure 3. Phylogenetic trees of VP4 (A), VP6 (B) and VP7 (C) nucleotides” sequences of RVA144 strain
(labelled by the red color) detected among Egyptian children rotavirus cases showing their genetic

relationship with the other human RVAs. This analysis involved 100 nucleotide sequences. The tree

was generated by the Maximum Likelihood (ML) method with bootstrap (1000 iterations) analyses
using the MEGA X software v.10.1.7 [36].
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4. Discussion

The current study is one of a handful of research projects on rotavirus disease in
children under the age of five that has been conducted in Egypt [12,21,38-40]. This study
reports the distribution of rotavirus isolated from fecal samples in a repeated cross-sectional
study of 230 Egyptian children, ranging in age from birth to five years, between 2018 and
2020 in two major university hospitals in Egypt. These are public hospitals that serve a
broad community; therefore, the current study’s findings will most certainly reflect a sizable
section of the country’s population. Our findings revealed that rotaviruses are important
aetiologic agents of severe diarrhea, accounting for over one sixth of all cases with acute
gastroenteritis, with an incidence of 14.8% (confidence interval 10.4-20.0). There was no
significant difference in RV positivity between male and female genders. However, the odds
of infection were 1.8 times higher among males compared to females. This observation was
in accordance with a prior study in Egypt that reported higher RV detection rate in males
compared to females [12]. There were 34 children in the study who had at least one episode
of rotavirus diarrhea, with younger children (<1 year) suffering from the disease at a higher
incidence (28%) than the older ones (18.5%), and the difference was statistically highly
significant. These results go beyond previous Egyptian reports conducted between 2004
and 2007, 2011 and 2012, and 2015 and 2016, showing that the majority of rotavirus cases
occurred during the first year of life [21,38,39]. On the other hand, this greater rotavirus
prevalence in Egyptian children under the age of one year is higher than that reported
in other developing countries, such as India and Mozambique [41,42]. This disparity in
incidence rates between Egypt and other developing nations may be attributable to Egypt’s
lack of a national rotavirus vaccination program. It was also noticed that rotavirus showed
higher existence in the age group 6-12 months compared to younger ones. This may be
attributed to the high activity of children during these months, the beginning of walking
age, as well as the dentation, that may lower the immunity at this period, increasing their
risk of infection, whereas children younger than that age have a high level of maternal
immunity [43]. In the current study, rotavirus infections peaked in winter (18.1%), followed
by spring (15.1%), and autumn (7.3%), which is similar to the winter peak reported in
a sectional study conducted in 2012 [39], but differs from the seasonal peak reported in
another one conducted in 2018 [21]. This disparity might be attributed to climate change
or other contributing variables such as urban residency. In Egypt, the distribution of
rotavirus genotypes has shifted over the last few years. In 2015-2016, G1P[8] in Cairo
was 29.7% [21]. Another study conducted between 2015 and 2017 discovered that G1 was
detected in 26% of cases, with the P genotype P[8] 22.8% [12]. Surprisingly, in our study,
the typeable genotypes were G1P[8] 100% of the time, which is a significant difference
when compared to previous publications in Egypt. The fact that this study only included
a subset of inpatients and outpatients admitted to two hospitals for diarrhea treatment is
one of its limitations. Despite the fact that the aforementioned hospitals serve as referral
hospitals for patients from all over the country, rural samples still did not exceed 19.7%
of total samples collected. The present study was restricted to two hospitals in the urban
regions and did not extend to rural areas where higher genotype diversity may be detected
due to interspecies rotavirus transmission, which may explain our findings [38,44,45]. On
the other hand, the predominance of only one genotype does not necessitate the absence of
high mutation rates in the virus genome. Tracking G/P genes only in the present study did
not provide a comprehensive picture on the entire virus genome because the dual typing
system (i.e., G/P genes) is restricted to outer capsid encoding genome segments. Therefore,
a whole genome-based genotyping would be recommended as it is based on the assignment
of genotypes to all the 11 gene segments (i.e., G/P and non-G/P genes) [46]. Regarding
rotavirus isolation, both Caco-2 and MA104 cell lines successfully support the isolation
and propagation of the virus. Our findings were in accordance with a study conducted
in 2020 that confirmed that both Caco-2 and MA104 cells were used for the isolation and
propagation of RVA strains [47]. It is worth noting that the complete CPE could not be
observed on Caco-2 and MA104 cells from the first passage. In accordance with our findings,
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a study performed in 2016 by Ennima at al. reported that RV CPE was not observed after
single passage and there was an absence of CPE after six passages, considering RV isolation
negative [30]. Another study reported that RV CPE began to appear on MA104 cells as
subculture continued into the fourth passage [28]. Our findings also concluded that Caco-2
cultures supported rotavirus proliferation of a substantially higher number of isolates
than MA104 cells in the first and second passages. This observation is in accordance with
that deduced in 2016, where most Caco-2 passaged rotaviruses were grown in a higher
proportion than MA104 cells [48]. In the present study, we successfully adapted five
rotavirus isolates to grow and induce cell death in colonic (Caco-2) tumor cells, which
represent one of the most epidemiologically important human cancers. This remarkable
property of the isolated rotaviruses makes them promising candidates for use as oncolytic
agents, in the future [49]. Phylogenetic analysis revealed that the VP6, VP4, and VP7
segments of RVA144 isolated from Egyptian clinical specimens belong to G1P[8]. Our
dataset indicated a high similarity to those of human RVA strains and particularly human
Wa-like strains in the USA. These findings were in accordance with another studies in
Egypt that reported the similarity between the VP6 and VP4 genes of RVA isolated from
clinical and environmental samples and the Wa reference strain in the USA [12,40]. The low
variations in VP6 sequences contained in the Egyptian G1P8 genotype may suggest that
VP6 recombinant subunit vaccines would be useful candidates for rotavirus vaccination
among Egyptian children. Unlike other studies, our data did not support any relatedness
to other rotavirus species [50]. The current findings emphasize the importance of the
continuous surveillance of the circulating rotavirus among Egyptian children in urban
and rural regions, which is important for monitoring virus emergence and assisting in
predicting the protection level afforded by rotavirus vaccines. Our future perspectives
include whole genome sequencing of all successfully rescued rotavirus strains to track
all mutations on such genome, as well as attempting to use these strains as candidates
for preparation of a protective vaccine against rotavirus infections to overcome the issue

in Egypt.

5. Conclusions

Rotavirus diarrhea in children is still considered a public health issue in Egypt. Ac-
cording to our findings, RVs accounted for more than one-sixth of all pediatric instances of
acute gastroenteritis. This work identified a single rotavirus genotype, G1P[8], and proved
that utilizing Caco-2 and MA104 cell lines is useful for viral isolation and multiplication.
Continuous surveillance of RV in the Egyptian population, whole genome sequencing of
the rescued RV strains, as well as preparation of a protective vaccine to defend against this
virus will be recommended in the future.
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Appendix A

Some supporting experimental details are mentioned in this section. A1l. Molecular
typing of positive samples using VP7 and VP4 segments: In the first run, 5 uL of previously
isolated RNA was combined with 1 pL of each VP7 specific primer pairs (Beg9/End9).
To denature the dsRNA, the mixture was heated at 70 °C for 5 min before being chilled
in an ice bath for 2 min. The RT-PCR reactions were then carried out in two phases. In
the first phase, reverse transcription was done on denatured dsRNA using the cDNA
Synthesis Kit for RT-PCR (Catalog number: 30110750) (iNtRON Biotechnology, Seoul,
Korea). The cDNA yield was amplified in the second phase using FastStartTM PCR Master
(Merck, Germany). Agarose gel electrophoresis (1.5%) was used to separate the amplicons.
A second PCR run was performed to determine the genotype of the isolated rotavirus
strains using the reverse primer and a cocktail of primers. In brief, 1 puL of the first-round
amplicons were mixed with 40 puL of PCR-Master and 1 pL of each of the End9 and G
genotype-specific primers (Supplementary Table S2). In the second run, the same PCR
conditions as previously mentioned were utilized. The amplicons were separated using
1.5% agarose gel electrophoresis, and the genotype was determined based on the product
size [34]. Same techniques and settings, that were used to detect G genotypes, were used
to detect P genotypes, but this time a VP4 specific primer pairs (Con2/ Con3) was used
as terminal primers in the first amplification round and Con3 as well as a cocktail of P
genotype-specific primers in the second one (Supplementary Table S3).
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