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ARTICLE INFO ABSTRACT

Article History: Rotaviruses are the major cause of viral gastroenteritis in infants and young
Received: Sep. 9, 2020 children, producing a significant pediatric disease burden worldwide. The
Accepted: Sep. 22,2020  objective of this study was to investigate mutations in the group A human
Online: Sept. 26, 2020 rotaviruses (RoV) in Egypt and their VP6 gene in Egyptian clinical specimens,
raw sewage, treated effluents, Nile water, and drinking water samples. A total of

1026 diarrheal specimens were collected from Abo EL-Reesh children hospital
between October 2015 and September 2017. Human RoV group A was detected
in 22.61% of the clinical specimens. The highest peak of RoV was noticed in
autumn and winter. The detection rate of RoV in sewage samples was 88.6% and
65.7% for the influent and effluent samples respectively. Additionally, RoV was
detected in 64.29% of river water samples and in 42.86% of drinking water
samples. Sequence analysis of the full-length VP6 gene of clinical and
environmental samples revealed silent and non-silent mutations compared to
RoV Wa reference strain. Different sequences were clearly clustered with
genotypes G1P8, G4P6 and G2P4. The low variations between sequences of the
VP6 gene in both clinical specimens and environmental samples which contained
the same human RoV genotype and also the high similarity between the VP6
genes in samples which contained different human RoV genotypes support the
idea of using VP6 as a candidate human RoV recombinant subunit vaccine in

Egypt.
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One of the leading infectious disease causing morbidity and mortality in children
under 5 years is diarrheal diseases (GBD, 2016), moderate-to-severe diarrhea in young
children, is well associated with RoV infection as the major infectious agent behind it
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(Kotloff et al., 2013; Liu et al., 2016). The global burden of RoV acute gastroenteritis
(AGE) hospitalization and deaths are well documented. RoV AGE was responsible for
30-50% of AGE hospitalizations in both developing and developed countries in the pre
vaccine era (CDC, 2007; Mwenda et al., 2015; CDC, 2016; Burnett et al., 2017). RoV
mortality disproportionately affects developing countries, with about 82-95% of
mortalities among children under 5 years of age occurring in these areas (Burnett et al.,
2017). Annually, about 829 000 individuals are estimated to die because of diarrhea as a
result of unsafe drinking-water, sanitation, and hand hygiene. Nonetheless, diarrhea is
basically preventable, and the deaths of 297, 000 children aged beneath 5 years could be
avoided every year if these risk factors were addressed (WHO, 2019).

All of the RoV outbreaks have been associated with direct fecal contamination
of untreated, compromised water supply or suboptimal treatment of drinking water. RoV
have been detected in surface waters worldwide (Gerba, 1999; Tort et al., 2015; Yousuf
et al., 2017). Surface water receiving untreated wastewater effluent; have been reported
to contain the highest concentrations of viral pathogens (Griffin et al., 2003). In natural
disasters, fecal matter and potable waters can mix, permitting infective concentrations of
RoV to exist in water supplies, causing a risk for the public health (Gutiérrez-Aguirre et
al., 2008).

RoVs are excreted in monumental numbers in the stool, described to be more
than 10 particles per gram (Flewett, 1982) and are transmitted mainly via fecal-oral
route. RoVs are incredibly stable in stool and can stay viable at room temperature for
days, making them extremely resilient and easily transmitted in several settings, including
hospital wards, maternity units, and day care centers for young children (Flewett, 1982).

In 2006, two oral live attenuated RoV vaccines were licensed for infants up to
6 months of age, a monovalent human RoV vaccine (RV1, Rotarix, Glaxo Smith Kline
Biologicals, Rix-ensart, Belgium) and a pentavalent bovine-human reassortant vaccine
(RV5, Rota Teq, Merck Vaccines, White house Station, NJ,USA). Efficacy against the
serotypes included in the two vaccine had been proven through clinical trials (Ruiz-
Palacios et al., 2006; Vesikari et al., 2006). In February 2006, RoV vaccination was
recommended for the first time to children in the United States (Wang et al., 2010).
Subsequently, in April 2009, WHO recommended that RoV vaccine be included in every
country’s national immunization program (WHO, 2009). Since 2006, 109 countries
around the world had introduced (includes partial introduction) RoV vaccines into their
pediatric immunization programs (WHO, 2020). Many of these countries had since
documented substantial declines in RoV disease burden in both vaccinated and
unvaccinated children (Melliez et al., 2007; Tate et al., 2009; Wang et al., 2010; Paulke-
Korinek et al., 2010; do Carmo et al., 2011; Lanzieri et al., 2011; Bayard et al., 2012).

According to Snelling et al., 2011, there is no evidence that RoV vaccine can
offer a protective effect against outbreaks of heterotypic strains. However, in evaluations
of these vaccines in the population, most studies, had found them to be highly effective
under real life conditions (Castilla et al., 2012;Yeung et al., 2016; Abebe et al., 2018;
Pietsch & Liebert, 2019;). Despite being highly effective, future vaccination in low-
income, high-burden countries in Africa and Asia may have a large financial implication.
In addition, these countries also showed lower vaccine efficacy (51-64%) than in high-
and middle-income countries (Bresee et al., 2005; Armah et al., 2010; Tate et al., 2010;
Stockman, 2011; Tate et al., 2012).
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There are six main RoV genotype combinations; G1P[8], G2P[4], G3P[8],
G4P[8], G9P[8] and G12P[8] which have been associated worldwide with the majority
of RoV gastroenteritis infections in humans (Matthijnssens and Van Ranst, 2012).
Although the distribution of these six globally important RoV genotypes can change
drastically from region to another and from one year to the next, the most prevalent RoV
strain worldwide has remained G1P[8] strain (Rahman et al., 2005; Santos and Hoshino,
2005; Van Damme et al., 2007). However, significant diversity of RoV genotypes
continues to be observed worldwide with several novel combinations due to accumulation
of point mutations, genome reassortment, and/or zoonotic transmission to human host
resulting in the introduction of new antigenic variants across regions (Matthijnssens et
al., 2009; Martella et al., 2010). G1P8 was the most prevalent genotype in Egypt
(Villena et al., 2003; EI-Senousy et al., 2004) with the tendency of increasing the
prevalence of G1P4 genotype in the last years to be considered as the higher prevalent
genotype in the Egyptian clinical and environmental samples in parallel to G1P8 ( El-
Senousy et al., 2014a; EI-Senousy and Abou-Elela, 2017).

VP6 protein is the sole structural protein of the middle of three capsid layers of
RoV. It has a theoretical molecular mass of 45 KD. It is the most conserved,
immunogenic, and abundant RoV protein, a single human RoV VP6 protein may elicit
protection against all human RoV strains belonging to multiple serotypes (Choi et al.,
2004). VP6 protein carries antigen determinants that are common to all group A RoV; it
also contains epitopes that have been used to classify the group A viruses into subgroups
(Lopez-Guerrero et al., 2018). The major capsid protein VP6 is an immune dominant
antigen with high sequence homology and common antigenic epitopes among group A
RoV (Estes & Cohen, 1989). In this context we aimed to estimate the silent and non-
silent mutations in RoV VP6 gene in order to know the degree of sequence diversity of
the human ROV circulating strains in Egypt.

MATERIALS AND METHODS

Clinical specimens

A total of 1026 stool samples were collected during the period from October
2015 to September 2017 from Abo EI-Reesh children hospitals in Greater Cairo from
children (< 5 years old) suffering from acute diarrhea. Samples were collected in clean
containers and transferred to the laboratory within 2 hrs of collection for examination.
Approximately 0.1 g of stool samples was weighed, diluted 1:10 in nuclease-free H,0O,
and vortexed for 30 sec. Samples were clarified by centrifugation at 7.000 rpm for 10 min
at room temperature. Viral RNA was extracted from 100 ul of the supernatant.
Sewage and water samples
A total of 28 samples were collected from October 2015 to February 2018 from
Giza drinking water treatment plant (WTP), 20 liters of water samples were collected
including inlet (Nile water), and outlet water (drinking water). Sodium thiosulfate (BDH
Chemicals Ltd Poole England) was added to the chlorinated samples to a final
concentration of 5 mg/I, to inactivate chlorine. Aluminum chloride (1ml/l) was also added
to increase the stability of the viruses in the samples during transportation (APHA, 1998).
During the same period, a total of 28 sewage samples were collected from Zenin
wastewater treatment plant (WWTP-1) which works by activated sludge system, with
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flow total capacity of 330,000 m*/day. Also, 42 sewage samples were collected in clean
bottles from both the influents and chlorinated effluents of EL-Gabal EL-Asfer
wastewater treatment plant (WWTP-2) and transported to the laboratory within 3 hrs of
collection for examination. Sodium thiosulfate (BDH Chemicals Ltd Poole England) was
added to the chlorinated samples to a final concentration of 5 mg/I to inactivate chlorine.
Viruses were concentrated from one to three liters of water or wastewater samples by the
aluminum hydroxide adsorption-precipitation method (APHA, 2017).

Viral nucleic acid extraction

Viral nucleic acid was extracted using BIOZOL Total RNA Extraction reagent
(BIOFLUX, Japan) and according to the manufacturer’s instructions. Standard
Precautions were followed to avoid contamination. Negative control sample (sterile
nuclease-free water) was included in each extraction session to monitor cross-
contamination.
Molecular detection of group A Rotavirus VP6 gene in clinical specimens

For generic detection of RoV, a reverse transcription (RT)-PCR-

hybridization method based on amplification of a VP6 fragment and confirmation by
Southern blot hybridization with a digoxigen in-labeled internal probe was used. Primers
VP6-3 (5-GCTTTAAAACGAAGTCTTCAAC-3; positions 2 to 23 of human strain Wa
[accession number KO02086]) and VP6-4 (5-GGTAAATTACCAATTCCTCCAG-3;
positions 187 to 166 of human strain Wa [accession number K02086], each at a
concentration of 1M, were used in an RT reaction in a 10ul (final volume) mixture
containing 4U of Moloney murine leukemia virus enzyme (Promega), each
deoxynucleoside triphosphate at a concentration of 0.2 mM, and 5ul of a denatured (5
min at 99°C) double-stranded RNA sample. The reaction mixture was incubated for 60
min at 50°C. PCR was performed by using 5ul cDNA and 3.5 U of the Expand High
Fidelity PCR system (Roche) in a 50 pl mixture supplemented with each primer at a
concentration of 1M and each deoxynucleoside triphosphate at a concentration of 2 mM.
The PCR program included a 9-min denaturation step at 95°C and 40 cycles of
amplification for 1 min at 94°C, for 1 min at 50°C, and for 1 min at 72°C, followed by a
final elongation step of 7 min at 72°C (Villena et al., 2003). VP6 detection in clinical
positive samples was confirmed by sequencing of the amplified 186 bp fragment. These
specimens were previously screened for RoV VP6 by our group (Food-Borne viruses
group, NRC) (EI-Senousy et al., 2020) using nested RT-PCR according to (lturriza
Gomara et al., 2002; Gallimore et al., 2006).

Nested RT-PCR for detection of VP6 gene in water and waste water samples

The primers used for RT-PCR were the forward VP6-F 5-
GACGGNGCNACTACATGGT-3 and the reverse VP6-R 5-GTCCAATTCA
TNCCTGGTGG-3 primers (1 um for each), and according to (lturriza Gomara et
al., 2002) using 200 U of M-MLYV reverse transcriptase enzyme (Biobasic, Canda) in a
total volume of 10 pl and 1.5 U of Taqg DNA polymerase (Biobasic—Canada) in a total
volume of 50 pl. Nested PCR amplification of the target rotavirus VP6 fragment was
performed using the forward primer, VP6-NF 5-GCTAGAAATTTTGATACA-3, and the
reverse primer, VP6-NR 5-TCTGCAGTTTGTGAATC-3 (1 um for each), and according
to Gallimore and co-workers (Gallimore et al., 2006) using High-fidelity- DNA


https://link.springer.com/article/10.1007/s12560-017-9286-4#ref-CR39
https://link.springer.com/article/10.1007/s12560-017-9286-4#ref-CR26
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polymerase to amplify 155 bp fragment. PCR products (10 ul) were analyzed by
electrophoresis on 3% agarose gels (Panreac—Spain).

Amplification of VVP6 full-length gene

The clinical specimens and environmental samples were previously tested for
VP8 partial gene (El-Senousy et al., 2020) Fourteen samples which contained G1P8
genotype (7 clinical specimens, 3 raw sewage, 2 treated effluents, 1 raw Nile water, and 1
drinking water sample), seven samples which contained G2P4 (4 clinical specimens, 1
raw sewage, 1 treated effluents, 1 raw Nile water sample), and 5 samples which contained
G4P6 genotypes (3 clinical specimens, 1 raw sewage, and 1 raw Nile water sample) were
chosen for amplification of their whole VP6 gene followed by sequencing this amplified
gene. The description of clinical specimens and environmental samples are shown in
tables 1a and 1b respectively.

The amplification of whole sequence of VP6 gene was performed according to
(Zhou et al., 2010), using the primers pair VP6-8 (5'-ATGGAGGTTCTGTACTC- 3),
VP6 nt 1-17 and VP6-2 (5'-TCACTTAATCAACATGC-3'), VP6 nt 1194-1178.

Table 1a. The description of clinical specimens

ID of diarrheal Specimens Date Gender Age Genotype
CS1 Nov.2015 Male 9 Months G1P8
CS2 Nov.2015 Female 9 Months G1P8
CS3 Jan.2016 Male 17 Months G1P8
CS4 Jan.2016 Male 5 Months G1P8
CS5 Oct.2016 Male 12 Months G1P8
CS6 Nov.2016 Female 12 Months G1P8
CS7 Dec.2016 Male 7 Months G1P8
CS8 Nov.2015 Male 6 Months G2P4
CS9 Jan.2016 Female 12 Months G2P4
CS10 Jan.2016 Male 6 Months G2P4
CS11 Jan.2017 Female 6 Months G2P4
CS12 Dec.2015 Male 15 Months G4P6
CS13 Dec.2016 Male 8 Months G4P6
CS14 Jan.2017 Female 24 Months G4P6
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Table 1b. The description of and environmental samples

ID of Date Type of sample Genotype
environmental

samples

ES1 Nov.2015 Raw sewage WWTP-21 G1P8
ES2 Dec.2015 Raw sewage WWTP-2 G1P8
ES3 Dec.2015 Treated effluent WWTP-2 G1P8
ES4 Feb.2017 Raw sewage WWTP-1 G1P8
ES5 Feb.2017 Treated effluent WWTP-1 G1P8
ES6 Dec.2016 River water G1P8
ES7 Dec.2016 Drinking water WTP G1P8
ES8 Mar. 2016 Raw sewage WWTP-1 G2P4
ES9 Mar. 2016 Treated effluent WWTP-1 G2P4
ES10 Jan.2017 River water G2P4
ES11 Feb.2017 Raw sewage WWTP-2 G4P6
ES12 Feb.2017 River water G4P6

Sequencing and Phylogenetic analysis of human Rotavirus VP6 gene in clinical

specimens and environmental samples

The RT-PCR of selected positive RoV samples was purified by PCR products
purification kit (Qiagen) and DNA was sequenced with an ABI prism 310 automated
DNA sequencer. Sequence data from both strands of the PCR products were aligned and
compared using the CLUSTALW and BLAST programs (European Bioinformatics
Institute). Sequence analysis was conducted to examine the silent and non-silent
mutations in the amplified whole VP6 gene plus the evolutionary relationship between
the Egyptian clinical specimens and environmental samples with human RoV reference
strains recorded in the GeneBank. Also, a neighbor joining tree was constructed with
1000 bootstrap replicates using Mega X software.
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RESULTS

Human rotavirus VP6 in clinical specimens
Human rotavirus VP6 was detected in 22.61% (232/1026) of the clinical
specimens with tendency to higher prevalence in autumn and winter months (Fig.1).

Prevalence of rotavirus in children under 5 years old

Aug.2017
Jun.2017
Apr.2017

Feb.2017

Dec.2016

Oct.2016

Aug. 2016

Sampling dates

Jun.2016
Api. 2016
Feb.2016
Dec.2015

Oct.2015
0.00% 5.00% 10.00% 15.00% 20.00% 25.00% 30.00% 35.00% 40.00%
Detection rates

Fig. 1: The incidence of rotavirus group A in children (< 5 years old) suffering from
acute diarrhea.

Human rotavirus VP6 in sewage and water samples

Human RoV VP6 was detected in 90.48% (19/21) of raw sewage samples of
WWTP-2, while it was detected in 66.67% (14/21) of the treated effluents of the same
WWTP-2. Also, the virus was found in 85.71% (12/14) and 64.29% (9/14) of influent
and effluents of WWTP-1, respectively. On the other hand, human RoV VP6 was
detected in 64.29% (9/14) of the river water samples (inlet of WTP), while it was
detected in 42.86% (6/14) of the drinking water samples of the same WTP (Fig.2).
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Detection rates of RoV in environmental samples
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Fig. 2: The prevalence of rotavirus group A in water and wastewater samples

Sequencing of human rotavirus VP6 whole gene

Sequence analysis of human RoV VP6 whole gene of RoV isolates have been
compared to some human RoV sequences that deposited in GeneBank (Fig.3). The three
clinical specimens (CS2, CS3, and CS5) and 4 environmental samples (ES2, ES3, ES6,
and ES7) had similar sequences and showed also 32 nucleotide substitutions including 7
non-silent mutations resulting in 7 amino acid changes (Proline changed to Arginine,
Leucine changed to Phenylalanine, Leucine changed to serine, Alanine changed to serine,
Threonine changed to Leucine, Glutamic acid changed to Glutamine, Leucine changed to
Valine, at positions: 102, 125, 126, 241, 279 and 327, and 382, respectively). They
showed 98% nucleotides identity and 98% amino acid identity in comparison to human
RoV Wa reference strain, GeneBank nucleotides accession number: K02086.1 and amino
acid accession number: P03530.1 (Table. 2).

Other 4 samples [2 clinical specimens (CS5 and CS7), 1 raw sewage samples
(ES4) and 1 treated effluent sample (ES5)] had similar sequences with 25 nucleotides
substitutions including 7 non-silent mutations resulting in 7 amino acid changes (Alanine
changed to Glycine, Isoleucine changed to Threonine, Alanine changed to serine, Valine
changed to Alanine, Threonine changed to Arginine, Phenylalanine changed to serine,
Valine changed to Leucine at positions: 198,199, 241,259, 301, 308, and 346
respectively). Sequences showed 98% nucleotides similarity and 98% amino acid identity
in comparison to human RoV Wa reference strain (GeneBank nucleotides accession
number: K02086.1 and GeneBank amino acid accession number: P03530.1 (Table. 2).

One clinical specimen (CS4) showed 19 nucleotide substitutions including 1
non-silent mutations resulting in 1 amino acid change (Alanine changed to serine at
position 241) with 98.56% nucleotides identity and 99.75% amino acid identity to human
RoV Wa reference strain.

The clinical specimen (CS1), and environmental sample (ES1)] had similar
sequences and showed 2 nucleotide substitutions including 1 non-silent mutations


https://www.ncbi.nlm.nih.gov/nucleotide/K02086.1?report=genbank&log$=nucltop&blast_rank=1&RID=JKAT5WA5014
https://www.ncbi.nlm.nih.gov/protein/P03530.1?report=genbank&log$=prottop&blast_rank=1&RID=JKB1VCZJ016
https://www.ncbi.nlm.nih.gov/nucleotide/K02086.1?report=genbank&log$=nucltop&blast_rank=1&RID=JKAT5WA5014
https://www.ncbi.nlm.nih.gov/protein/P03530.1?report=genbank&log$=prottop&blast_rank=1&RID=JKB1VCZJ016
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resulting in 1 amino acid change (Alanine changed to serine at position 241) with 99.85%
nucleotides identity and 99.75% amino acid identity to human RoV Wa reference strain.

On the other hand, 4 clinical specimen (CS8, CS9, CS10 and CS11) and 3
environmental samples (ES8, ES9, and ES10) had similar sequences and showed highest
relation to G2P4 human RoV strain (GeneBank nucleotides accession number:
KJ721705.1 and GeneBank amino acid accession number: AET43486.1) with 93.95%
amino acid identity to human RoV Wa reference strain (Fig.3).

Also, 3 clinical specimen (CS12, CS13, and CS14) and 2 environmental
samples (ES11 and ES12) had similar sequences and showed highest relation to G4P6
human RoV strain (GeneBank nucleotides accession number: JN129111.1 and GeneBank
amino acid accession number: AFK27517.1) with 88.86 % nucleotides identity and
96.98% amino acid identity to human RoV Wa reference strain (Table. 2).

The 4 groups of sequences of samples (clinical and environmental) which
contained G1P8 genotype had nucleotide similarity ranged from 97.42% to 98.26 % and
amino acid similarity ranged from 96.98% to 98.49 % as well between each others
(Fig.3). On the other hand, the amino acid similarity ranged from 92.19% to 93.70%
between the sequence of samples which contained G2P4 genotype and the sequences of
samples which contained G1P8 genotype. Also, the amino acid similarity ranged from
95.21 % to 96.73% between the sequence of samples which contained G4P6 genotype
and the sequences of samples which contained G1P8 genotype. The amino acid similarity
between sequence of samples which contained G2P4 genotype and sequence of samples
which contained G4P6 genotype was 93.45%.(Table. 2).

Table 2. Comparison the similarities of nucleotide sequences and Amino acid identity
sequences between Egyptian rotavirus A VP6 gene (from Egyptian clinical
specimens and environmental samples) and RoV A reference strains (rotavirus A
strain/Wa and rotavirus A strain/USA).

Strain name | Nucleotide | Protein Nucleotide identity = with the | Amino acid identity with the

accession accession | Egyptian sequences (%) Egyptian sequences

CS2 | CS4 | CS1 | CS8 |CS12|CS2|CS4 | CS1 | Cs8 | CS12
CS3 ES1 | CS9 | CS13 | CS3 ES1 | CS9 | CSi3
CS5 CS10 | CS14 | CS5 CS10 | CS14
CS6 CS11 | ES11 | CS6 CS11 | ES11
CS7 ES8 | ES12 | CS7 ES8 | ES12
ES2 ES9 ES2 ES9
ES3 ES10 ES3 ES10
ES5 ES5
ES6 ES6
ES7 ES7
Rotavirus A
strain/Wa K02086.1 P03530.1 | 98 | 9856 |99.85 | O |88.86 |98 |99.75 | 99.75 | 93.95 | 96.98
Rotavirus A
strain USA | KCS79987.1 | AGE99045 | 98 | gg 100 0 |8878 |98 |100 100 | 93.70 | 96.73

1



https://www.ncbi.nlm.nih.gov/nucleotide/KJ721705.1?report=genbank&log$=nucltop&blast_rank=1&RID=W8W992JK014
https://www.ncbi.nlm.nih.gov/protein/P03530.1?report=genbank&log$=prottop&blast_rank=1&RID=JKB1VCZJ016
https://www.ncbi.nlm.nih.gov/protein/AGE99045.1?report=genbank&log$=prottop&blast_rank=1&RID=JK9Y13GS01R
https://www.ncbi.nlm.nih.gov/protein/AGE99045.1?report=genbank&log$=prottop&blast_rank=1&RID=JK9Y13GS01R
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Fig. 3. Neighbour-joining tree constructed to represent the phylogenetic relationship
between the nucleotide sequences of full length RV-A VP6 gene of environmental and
clinical isolates (¢), human and animal rotavirus strains. All of the tested sequences
clustered with human rotavirus G1P8, G2P4 or G4P6. Evolutionary distances were

determined by the Kimura 2-parameters.
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DISCUSSION

In this study, RoV VP6 was detected in 22.61% (232/1026) of the clinical
diarrheal specimens collected during two years and using single round RT-PCR followed
by sequencing for positivity conformation. The same clinical specimens were
investigated previously in another study of our group (Food-Borne viruses group, NRC)
(El-Senousy et al., 2020) using two rounds (Nested RT-PCR) with higher percentage of
positivity 24.37% (250/1026) of rotavirus VP6. This may return to the higher sensitivity
of nested RT-PCR than the single round RT-PCR. Although, eighteen clinical specimens
showed false negative results using the single round RT-PCR, the general distribution of
RoV through the year was not affected. The peak of RoV distribution in our present study
was in autumn and winter which is consistence with the results of several previous
studies (Levy et al., 2008; Chang et al., 2015).

In the present study, RoV had high detection rate in raw sewage samples. RoV
was detected in 88.57% (31/35) of the two studied WWTPs with tendency to slightly
higher frequency in WWTP-2 90.48% (19/21) than WWTP-1 85% (12/14). This could be
due to the higher amount of raw sewage received by WWTP-2 (2.500 million m3/ day)
than WWTP-1. Although, both WWTPs used activated sludge followed by final chlorine
as treatment processes, poor removal of RoV was observed in both WWTPs. This may be
because of the high number of genome copies of RoV in raw sewage, however the period
of samples collection was in autumn and winter months which represent the frequency
peak of the RoV. The high number of viral genome copies in raw sewage may be
sometimes higher than the capability of the WTPs to remove viruses. The number of
genome copies of RoV in Egyptian raw sewage in autumn and winter ranged from 7x10°
to 7x10" genome copies/l (El-Senousy et al., 2013a; El-Senousy and Abou-Elela, 2017).
The high prevalence of RoV in the treated sewage may be one of the reasons of the high
frequency of RoV in the raw Nile water samples which collected in the same period of
time.

In several previous studies in Egypt, RoV group A was the highest frequent
among the RNA enteric viruses and second only to adenovirus in Egyptian raw sewage
and raw Nile water samples. Also, it was the most resistant among the RNA enteric
viruses and second to adenovirus to water and wastewater treatment processes. The high
resistance of RoV to chlorine disinfection was previously reported (Bosch et al., 1993;
Abad et al., 1994). The appearance of RoV genome six times out of 14 in drinking water
samples may indicate the resistance of RoV to water treatment processes and chlorine
disinfection. Another reason might be the high number of RoV genome copies in the raw
Nile water which may be higher than the capability of WTP to remove the viruses.
Presence of RoV genome copies in drinking water samples does not necessarily indicate
viral infectivity in the samples, however PCR cannot discriminate between infectious and
non-infectious pathogens. The testing capability is inconsistent with infectivity of the
virus (Li et al., 2002; El-Senousy et al., 2007; Parshionikar et al., 2010; Hamza and
Bibby 2019). Although RotaRix vaccine was available in Egypt more than ten years ago
and after that Rotateq vaccine became available, RoV prevalence was still high in both
clinical specimens and environmental samples in comparison to its prevalence before the
commercial vaccines availability in Egypt (Villena et al., 2003; El- Senousy et al., 2004;
El-Senousy and ELmahdy, 2009; El-Esnawy et al., 2010; El-Senousy et al., 2013a; El-
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Senousy et al., 2013b; EI- Senousy et al., 2014a; El-Senousy and Abou-Elela, 2017; El-
Senousy et al., 2020). One explanation of this might be the fact that RoV vaccines are not
in the free obligatory immunization program for children in Egypt and the relatively high
price of the vaccines in the private sector. So, high percentage of children could not
obtain the vaccines and consequently, they could not be vaccinated. In addition to the
high cost of the two live attenuated vaccines, these vaccines have been associated with a
low risk of intussusception; which is believed to be triggered by the replication of the oral
live vaccine (Carlin et al., 2013; Weintraub et al., 2014; Yih et al., 2014; Yen et al.,
2016). Also, these vaccines might be associated with other issues related to live vaccines
including the risk of introduction of vaccine strains into the environment, genetically
assortment between the vaccines strains and wild type strains, and the reversion of
vaccine strains towards virulence (Lappalainen et al., 2015). This has stimulated interest
in an alternative non-living parental approach to vaccination. Although genotypes G1P8
and G1P4 were the highest prevalent genotypes in both Egyptian clinical specimens and
environmental samples in the last twenty years, high diversity of other genotypes were
observed in several studies (Villena et al., 2003; El-Esnawy et al., 2010; El-Senousy et
al., 2014a; EI-Senousy and Abou-Elela, 2017; EI- Senousy et al., 2020). This may
suggest the VP6 recombinant subunit vaccine as a candidate RoV vaccine in Egypt and
other countries with high diversity of RoV genotypes. Therefore, the main objective of
our present study was to estimate silent and non-silent mutations in the whole VP6
amplified gene of Egyptian clinical specimens and environmental samples.

Four groups of sequences of clinical specimens and environmental samples
which contained G1P8 genotype were observed. One of them which contained 1 clinical
specimen and 1 raw sewage sample had similar sequences and showed 99.85% nucleotide
identity and 99.75% amino acid identity with human RoV Wa reference strain. The
second group contained 1 clinical specimen with 19 nucleotide substitutions (18 of them
were silent and only one mutation was non-silent and caused one amino acid change). It
showed 98.56% nucleotide identity and 99.75% amino acid identity with human RoV Wa
reference strain. The third group which contained 3 clinical specimens and 4
environmental samples (1 raw sewage sample, the treated effluent of the same WWTP, 1
raw Nile water sample and the treated drinking water of the same WTP) had similar
sequences with 32 nucleotide substitutions (25 silent and only 7 non-silent mutations)
resulted in 7 amino acid changes giving 97.58% nucleotide identity and 98.24% amino
acid identity with human RoV Wa reference strain. The fourth group, which contained 4
samples (2 clinical specimens, 1 raw sewage sample, and the treated effluent of the same
WWTP) had similar sequences with 25 nucleotide substitutions (18 silent and only 7 non-
silent mutations) resulted in 7 amino acid changes giving 98.1% nucleotide identity and
98.24% amino acid identity with human RoV Wa reference strain. These low variations
in amino acid sequences in the samples which contained G1P8 genotype may suggest the
VVP6 recombinant subunit vaccine as a candidate vaccine for RoV which contained G1P8
genotype. However, this genotype in parallel with G1P4 genotype represent the most
frequent genotypes in Egyptian clinical specimens and environmental samples (Villena et
al., 2003; El-Esnawy et al., 2010; EI-Senousy et al., 2014a; EI-Senousy and Abou-Elela,
2017; El-Senousy et al., 2020). In our previous study which concerned with the VP8
partial gene (EIl-Senousy et al., 2020) and using the same samples of our present study,
low variations in amino acid sequences in the VP8 partial gene between the samples
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contained G1P8 genotype in addition to the low number of samples contained non-silent
mutations in comparison to the two RoV reference strains (human RoV Wa strain and
human RoV A strain USA) were observed. The same situation was observed in the
samples contained P4 genotype or samples contained P6 genotype either in the VP6
whole gene or VP8 partial gene. The high similarity in the nucleotides and amino acids
between samples contained the same genotype of human RoV in the sequences of more
than one gene (VP8 in our previous study and VP6 in our present study) may confirm the
low genetic variations between human RoV strains contained the same genotype which
circulating in Egypt.

In our present study, the amino acid identity between samples contained G1P8
genotype and samples contained G2P4 genotype ranged from 92.19 % to 93.7 %. On the
other hand, the nucleotide identity between samples contained G1P8 genotype and
samples contained G4P6 genotype ranged from 95.21% to 96.73%, while, the amino acid
identity ranged from 95.21 % to 96.73%. Finally, the amino acid identity between
samples contained G2P4 genotype and samples contained G4P6 genotype was 93.45%.
More studies are needed to investigate the homotypic and heterotypic immunity of the
whole VP6 gene recombinant subunit vaccine of the different genotypes of human RoV.

El-Senousy and co-workers (2013c) reported that a short fragment of VP6 gene
(155bp) was used as a target for recombinant subunit vaccine of human RoV. The results
of the present study will be a base for preparation of recombinant subunit vaccine based
on the whole VP6 gene and examination of its sensitivity in vitro and in vivo by our
group (Food-Borne viruses group, NRC).

CONCLUSION

RoV was highly abundant in Egyptian environment; therefore, RoV vaccine
should be included in the obligatory immunization program for children in Egypt.
Additionally, the high similarity in nucleotide sequences of RoV VP6 full gene and
consequently the amino acid sequences between isolates which contained the same or
different genotypes may suggest RoV whole VP6 gene as a candidate recombinant
subunit vaccine in Egypt and other countries which have circulating RoV with the same
VVP6 sequence characteristics

AKGNOWLEGMENT

The authors would like to acknowledge in house project office, National Research
center (NRC, Dokki, Giza, Egypt) for financial support this work, project No. 11090332.
PI: Prof. Dr. Waled Morsy EL-Senousy.

REFERENCES

Abad, F.X.; Pint6, R.M.; Diez, J.M. and Bosch, A. (1994). Disinfection of human
enteric viruses in water by copper and silver in combination with low levels
of chlorine. Appl. Environ. Microbiol, 60:2377-2383.

Abebe, A.; Getahun, M.; Mapaseka, S.L.; Beyene, B.; Assefa, E.; Teshome, B.;
Tefera, M.; Kebede, F.; Habtamu, A.; Haile-Mariam, T.; Mphahlele, M.J.;



416 Marwa A. Kamel et al, 2020

Teshager, F.; Ademe, A.; Teka, T.; Goitom G.; Weldegebriel, G.G. and
Mwenda, J.M. (2018). Impact of rotavirus vaccine introduction and genotypic
characteristics of rotavirus strains in children less than 5 years of age with
gastroenteritis in Ethiopia: 2011-2016. Vaccine, 36: 7043-7047.

American Public Health Association (APHA). (1998). Standard methods. 20" Edition.
American Public Health Association, Washington, DC.

American Public Health Association (APHA). (2017). Standard methods for the
examination of water and wastewater (23" ed.) Washington, DC: American
Public Health Association.

Araki, K.; Hara, M.; Tsugawa, T.; Shimanoe, C.; Nishida,Y.; Matsuo, M.; Tanaka,
K. (2018). Effectiveness of monovalent and pentavalent rotavirus vaccines in
Japanese children. Vaccine, 36: 5187-5193.

Armah, G.E.; Sow, S.O.; Breiman, R.F.; Dallas, M.J.; Tapia, M.D. Feikin, D.R.
(2010). Efficacy of pentavalent rotavirus vaccine against severe rotavirus
gastroenteritis in infants in developing countries in sub-Saharan Africa: a
randomized, double blind, placebo-controlled trial. Lancet, 376:606-614.

Badur, S.; Oztiirk, S.; Pereira, P.; AbdelGhany, M.; Khalaf, M.; Lagoubi, Y.;
Bayard, V.; DeAntonio, R.; Contreras, R.; et al. (2012). Impact of rotavirus
vaccination on childhood gastroenteritis-related mortality and hospital discharges
in Panama. Int. J. Infect. Dis., 16: 94-98.

Bayard, V.; DeAntonio, R.; Contreras, R.; Tinajero, O.; Castrejon, M.M.; Ortega-
Barria, E. and Colindres, R.E. (2012). Impact of rotavirus vaccination on
childhood gastroenteritis-related mortality and hospital discharges in Panama. Int.
J. Infect. Dis., 16: 94-98.

Bellido-Blasco, J.B.; Sabater-Vidal, S.; Salvador-Ribera, M.D.M; Arnedo-Penaa,
A.; Tirado-Balaguerb, D.; Meseguer-Ferrer, N.; Silvestre-Silvestre, E.;
Romeu-Garcia, A.; Herrero-Carot, C.; Moreno-Mu"noz, R. (2012). Rotavirus
vaccination effectiveness: A case—case study in the EDICS project, Castellon
(Spain) Vaccine, 30: 7536— 7540.

Bosch, A.; Diez, J.M. and Abad, F.X. (1993). Disinfection of human enteric viruses in
water by copper: silver and reduced levels of chlorine. Wat. Sci. Tech., 27: 351-356.

Bresee, J.S.; Parashar, U.D.; Widdowson, M.A.; Gentsch, G.R.; Steele, A.D. and
Glass, R.1. (2005). Update on rotavirus vaccines. The Pediatric Infectious Disease
Journal .24:947-952.

Burnett, E.; Jonesteller, C.L.; Tate, J.E.; Yen, C. and Parashar, U.D. (2017).Global
impact of rotavirus vaccination on childhood hospitalizations and mortality from
diarrhea. J. Infect. Dis.; 215:1666—72. https://doi.org/10.1093/infdis/jix186.

Carlin, J. B.; Macartney, K. K.; Lee, K. J.; Quinn, H. E.; Buttery, J.; Lopert, R., et
al. (2013). Intussusception risk and disease prevention associated with rotavirus

vaccines in Australia’s national immunization program. Clinical Infectious
Diseases, 57(10): 1427-1434.


https://doi.org/10.1093/infdis/jix186

417 Molecular characterization of rotavirus Group A VP6 gene in Egyptian surface waters

Castilla, J.; Beristain, X.; Martinez-Artola, V.; Navascués, A.; Cenoza, M.G.;
Alvarez, N.; Polo, l.; Mazon, A.; Gil-Setas, A.; Barricarte, A. (2012).
Effectiveness of rotavirus vaccines in preventing cases and hospitalizations due to
rotavirus gastroenteritis in Navarre, Spain. Vaccine, 30: 539 543.

Centers for Disease Control and prevention. (2006). Post marketing monitoring of
intussusception after RotaTeq vaccination United States, February 1, 2006—
February 15, 2007.

Centers for Disease Control and Prevention. (2008). Rotavirus surveillance
worldwide, 2001-2008. MMWR 2008; 57: 1255-8. Available at https://www.
cdc.gov/mmwr/preview/mmwrhtml/mm5746a3.htm.

Centers for Disease Control and Prevention. (2016). Rotavirus in the Pink Book 2016:
311-324. Available at https://www.cdc.gov/vaccines/pubs/pinkbook/
Downloads/rota.pdf.

Do Carmo, G.M.; Yen, C.; Cortes, J.; Siqueira, A.A.; de Oliveira, W.K.; Cortez-
Escalante, J.J.; Lopman, B.; Flannery, B.; de Oliveira, L.H.; Carmo,
E.H. and Patel, M. (2011). Decline in diarrhea mortality and admissions after
routine childhood rotavirus immunization in Brazil: a time-series analysis. PLoS
Med, 8: 100-1024.

El-Esnawy, N. A., El-Senousy, W. M., Hammad, I. A., Abada, E. A., Abu-Zekry,
M., & Rizk, N. M. (2010). Epidemiology of rotavirus in Greater Cairo. The New
Egyptian Journal of Medicine, 42(1), 43-51.

El-Senousy, W. M., Pinto”, R. M., & Bosch, A. (2004). Epidemiology of human enteric
viruses in the Cairo water environment. Paper presented at the 1st International
Conference of Environmental Research Division on Sustainable Development
Environmental Challenges Facing Egypt. National Research Centre, Cairo, Egypt.

El-Senousy, W. M., & EI-Mahdy, E. M. (2009). Detection and genotyping of
rotaviruses in water treatment plants of El-Dakahlia Governorate. Egyptian
Journal of Biotechnology, 31, 25-34.

El-Senousy, W.M.; Y.E. Shahein, Y.E.; Barakat, A.B.; Hossam E. Ghanem, El-
Hakim, A.E. and Ameen, S.M. (2013c). Molecular cloning and immunogenicity
evaluation of rotavirus structural proteins as candidate vaccine. International Journal
of Biological Macromolecules, 59:67-71.

El-Senousy, W. M., El-Gamal, M. S., Kamel, M. M., & El-Mahdy, E. M. (2014a).
Prevalence of human and animal rotaviruses and HEV in Egyptian Nile water
resources. World Applied Sciences Journal, 32(11), 2218-2228.

El-Senousy, W. M., EI-Gamal, M. S., Mousa, A. A. E., ElI-Hawary, S. E., & Fathi, M.
N. (2014b). Prevalence of noroviruses among detected enteric viruses in
Egyptian aquatic environment. World Applied Sciences Journal, 32(11): 2186—
2205.

El-Senousy, W. M., Ragab, A. M. E., & Handak, E. M. A. (2015). Prevalence of
rotaviruses groups A and C in Egyptian children and aquatic environment. Food
and Environmental Virology, 7(2):132-141.


https://www/
https://www.cdc.gov/vaccines/pubs/pinkbook/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Siqueira%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=21526228
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Oliveira%20WK%5BAuthor%5D&cauthor=true&cauthor_uid=21526228
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cortez-Escalante%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=21526228
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cortez-Escalante%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=21526228
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lopman%20B%5BAuthor%5D&cauthor=true&cauthor_uid=21526228
https://www.ncbi.nlm.nih.gov/pubmed/?term=Flannery%20B%5BAuthor%5D&cauthor=true&cauthor_uid=21526228
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Oliveira%20LH%5BAuthor%5D&cauthor=true&cauthor_uid=21526228
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hage%20Carmo%20E%5BAuthor%5D&cauthor=true&cauthor_uid=21526228
https://www.ncbi.nlm.nih.gov/pubmed/?term=Patel%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21526228

418 Marwa A. Kamel et al, 2020

El-Senousy, W. M.; Abou-Elela, S. I. (2017). Assessment and evaluation of an
integrated hybrid anaerobic—aerobic sewage treatment system for the removal of
enteric viruses. Food and Environmental Virology, 9(3), 287-303.

El-Senousy, W.M.; Abu Senna, A.S.M.; Mohsen, N.A.; Hasan, S.F.; Sidkey, N.M.
(2020). Clinical and Environmental Surveillance of Rotavirus Common
Genotypes Showed High Prevalence of Common P Genotypes in Egypt. Food and
Environmental Virology, https://doi.org/10.1007/s12560-020-09426-0.

Flewett, T.H. (1982). Clinical features of rotavirus infection. In: Tyrell DA, Kapikian
AZ, editors. Virus infections of the gastrointestinal tract. New York: Marcel
Dekkar, Inc., 125-46.

Gagneura, A.; Nowak, M.; Lemaitre, T.; Seguraa, J-F.; Delaperriére, N.; Abalea,
L.; Poulhazan, E.; Jossens, A.; Auzanneau, L.; Tranc, A.; Payan, C.; Jay,
N.; Parscau, L.D. and Oger, E. The IVANHOE investigators (2011). Impact of
rotavirus vaccination on hospitalizations for rotavirus diarrhea: The IVANHOE
study. Vaccine, 29: 3753-3759.

Gallimore, C. I.; Taylor, C.; Gennery, A. R.; Cant, A. J.; Galloway, A.; lturriza-
Gomara, M.; and Gray, J. J. (2006). Environmental Monitoring for
Gastroenteric Viruses in a Pediatric Primary Immunodeficiency Unit. J. clin.
Microbiolo., 44: 395-399.

GBD, (2015). Mortality and causes of death collaborators. Global, regional, and national
life expectancy, all-cause mortality, and cause-specific mortality for 249 causes of
death, 1980-2015: a systematic analysis for the global burden of disease study
2015. Lancet 2016, 388: 1459-544.

Gentsch, J. R, Glass, R. I., Woods, P. V., Gouvea, V., Gorziglia, M., Flores, J., et al.
(1992). Identification of group A rotavirus gene 4 types by polymerase chain
reaction. Journal of Clinical Microbiology, 30, 1365-1373.

Gentsch, J. R.; Glass, R. I.; Woods, P. V.; Gouvea, V.; Gorziglia, M.; Flores, J.; et
al. (1992). Identification of group A rotavirus gene 4 types by polymerase chain
reaction. Journal of Clinical Microbiology, 30, 1365-1373.

Gerba, C.P., (1999). Virus survival and transplant in groundwater. J. Ind. Microbiol.
Biotechnol. 22 (4):535-5309.

Gouvea, V.; Glass, R. I.; Woods, P.; Taniguchi, K.; Clark, H. F.; Forrester, B.; et al.
(1990). Polymerase chain reaction amplification and typing of rotavirus nucleic
acid from stool specimens. Journal of Clinical Microbiology, 28, 276-282.

Griffin, D. W.; Lipp, E. K.; McLaughlin, M. and Rose, J. B. (2001). Marine
Recreation and public health microbiology: quest for the ideal indicator.
Bioscience 51:817-825.

Griffin, D.W.; Donaldson, K.A.; John H. Paul, J.P. and Rose, J.B. (2003). Pathogenic
Human Viruses in Coastal Waters. Clinical Microbiology Reviews, 16(1): 129—
143.


https://doi.org/10.1007/s12560-020-09426-0

419 Molecular characterization of rotavirus Group A VP6 gene in Egyptian surface waters

Gutierrez-Aguirre, 1.; Steyer, A.; Boben, J.; Gruden, K.; Poljs“ak-Prijatelj, M. and
Ravnikar, M. (2008). Sensitive Detection of Multiple Rotavirus Genotypes with
a Single Reverse Transcription—Real-Time Quantitative PCR Assay. journal of
clinical microbiology, 46(8): 2547-2554.

Hanquet, G.; Ducoffre, G.; Vergison, A.; Neels, P.; Sabbe, M.; Van Damme, P. and
Van Herck, K. (2011). Impact of rotavirus vaccination on laboratory confirmed
cases in Belgium. Vaccine, 29:4698-703.

Iturriza- Gomara, M.; Wong, C.; Blome, S.; Desselberger, U. and Gray, J. (2002).
Molecular characterization of VP6 genes of human rotavirus isolates: Correlation
of genogroups with subgroups and evidence of independent segregation. J. Virol.,
76:6596-6601.

Kirkwood, C.D.; Boniface, K.; Bishop, R.F. (2010). Australian rotavirus surveillance
program: annual report, 2009/2010.Commun. Dis. Intell. Q Rep .34(16):427-434.

Kirkwood, C.D.; Roczo, S.; Boniface, K. (2011). Australian rotavirus surveillance
program annual report, 2010/11.Commun Dis Intell Q Rep: 35: 281-287.

Kotloff, K.L.; Nataro, J.P.; Blackwelder, W.C.; Nasrin, D.; Farag, T,
Panchalingam, S. Wu, Y.; Sow, S.O.; Sur, D.; Breiman, R.F.; Faruque,
A.S.G.; Zaidi, A K.M.; shSaha, D.; Alonso, P.L.; Tamboura, B.; Sanogo, D.;
Onwuchekwa, U.; Manna, B. and Levine, M.M. (2013). Burden and aetiology
of diarrhoeal disease in infants and young children in developing countries (the
global multicenter study, GEMS): a prospective, case control study. Lancet,
382:209-22.

Lanzieri, T.M.; Linhares, A.C.; Costa, I.; Kolhe, D.A.; Cunha, M.H.; Ortega-
Barria, E. and Colindres, R.E. (2011). Impact of rotavirus vaccination on child-
hood deaths from diarrhea in Brazil. Int. J. Infect. Dis., 15: 206-210.

Lappalainen, S.; Pastor, A. R.; Malm, M.; LoOpez-Guerrero, V.; Esquivel-
Guadarrama, F.; Palomares, L. A.; et al. (2015). Protection against live
rotavirus challenge in mice induced by parenteral and mucosal delivery of VP6
subunit rotavirus vaccine. Archives of Virology, 160(8), 2075-2078.

Liu, J.; Platts-Mills, J.A.; Juma, J.; Kabir, F.; Nkeze, J.; Okoi, C.; Operario, D.J.;
uddin, J.; Ahmed, S.; Alonso, P.L.; Antonio, M.; Becker, S.M.; Blackwelder,
W.C.; Breiman, R.F.; Faruque, A.S.G.; Fields, B.; Gratz, J.; Haque, R. and
Houpt, E.R. (2016). Use of quantitative molecular diagnostic methods to identify
causes of diarrhea in young children: a re-analysis of the GEMS case control
study. Lancet, 388:1291-301.

Madhi, S.A.; Cunliffe, N.A.; Steele, D.; Witte, D.; Kirsten, M.; Louw, C.; gwira, B.;
Victor, J.C.; Gillard, P.H.; Cheuvart, B.B.; Han, H.H. and Neuzil, K. (2010).
Effect of human rotavirus vaccine on severe diarrhea in African infants. New Engl
J Med, 362:289-98.

Maphalala, G.; Phungwayo, N.; Gilbert Masona, G.; Njabulo Lukhele, N.;
Tsegaye, G.; Dube, N.; Sindisiwe, D.; Khumalo, L.; Daniel, F.; Reggis
Katsande, R.; Tate, J.E.; Mwenda, J.M.; Weldegebriel, G. (2018). Early


https://www.sciencedirect.com/science/article/pii/S1201971210025427#!
https://www.sciencedirect.com/science/article/pii/S1201971210025427#!
https://www.sciencedirect.com/science/article/pii/S1201971210025427#!
https://www.sciencedirect.com/science/article/pii/S1201971210025427#!
https://www.sciencedirect.com/science/article/pii/S1201971210025427#!
https://www.researchgate.net/profile/Bagrey_Ngwira
https://www.researchgate.net/scientific-contributions/39914826_John_C_Victor
https://www.researchgate.net/scientific-contributions/2128170231_Paul_H_Gillard
https://www.researchgate.net/scientific-contributions/2128159975_Brigitte_B_Cheuvart
https://www.researchgate.net/scientific-contributions/16387412_Htay_H_Han
https://www.researchgate.net/profile/Kathy_Neuzil

420 Marwa A. Kamel et al, 2020

impact of rotavirus vaccine in under 5 year old children hospitalized due to
diarrhea, Swaziland. Vaccine, 36: 7210-7214.

Martella, V.; Banyai, K.; Matthijnssens, J.; Buonavoglia, C. and Ciarlet, M. (2010).
Zoonotic aspects of rotaviruses. Vet Microbiol; 140:246-55.

Matthijnssens, J.; Bilcke, J.; Ciarlet, M.; Martella, V.; Banyai, K.; Rhaman, M.; et
al. (2009). Rotavirus disease and vaccination: impact on genotype diversity.
Future Microbiol; 4:1303-16.

Matthijnssens, J.; Van Ranst, M. (2012). Genotype constellation and Evolution of
group A rotaviruses infecting humans. Current. Opinion of Virology, 2:426—433.

Melliez, H.; Boelle, P.Y.; Baron, S.; Mouton, Y. and Yazdanpanah, Y. (2007).
Effectiveness of childhood vaccination against rotavirus in sub-Saharan Africa:
The case of Nigeria. Vaccine, 25: 298-305.

Murphy, T.V.; Gargiullo, P.M. and Massoudi, M.S. (2001). Intussusception among
infants given an oral rotavirus vaccine. NEngl. J. Med.344:564-572.

Mwenda, J.M.; Mihigo, R.; Tevi-Benissan, C.; Mumba, M. and Nshimirimana D.
(2015). Rotavirus disease burden in Africa and the need to accelerate introduction
of vaccines. Afr. Health Monit, 19:5-7.

Nohynek, H.; Salo, H.; Renko, M. and Leino, T. (2009). Finland introduces rotavirus
vaccine into the national vaccination programe in September. Euro Surveill,
14(35), pii: 19322,

Ozudogru, O.; Hanif, K. and Saha. D. (2019). Systematic review of the rotavirus
infection burden in the WHO-EMRO region. Human vaccines &
immunotherapeutics, 15(11): 2754-2768.

Parashar, U.D.; Hummelman, E.G.; Bresee, J.S.; Miller, M.A. and Glass, R.I.
(2003).Global illness and deaths caused by rotavirus disease in children.
Emerging Infect. Dis., 9:565-72.

Patel, M. (2010). Effect of rotavirus vaccination on death from childhood diarrhea in
Mexico. N Engl J Med, 362:299-305.

Paulke-Korinek, M.; Rendi-Wagner, P.; Kundi, M.; Kronik, R. and Kollaritsch, H.
(2010). Universal mass vaccination against rotavirus gastroenteritis: impact on
hospitalization rates in Austrian children. Pediatr. Infect. Dis. J., 29:319-23.

Pietsch, C.; Liebert, U.G. (2019). Rotavirus vaccine effectiveness in preventing
hospitalizations due to gastroenteritis: a descriptive epidemiological study from
Germany Clinical Microbiology and Infection, 25: 102-106.

Rahman, M.; Matthijnssens, J.; Goegebuer, T.; De Leener, K.; Vanderwegen, L.;
van der Donck, I.; Van Hoovels, L.; De Vos, L.; Azim, T. and Van Ranst,
M. (2005). Predominance of rotavirus G9 genotype in children hospitalized for
rotavirus gastroenteritis in Belgium during 1999-2003. J Clin Virol; 33(1):1-6.


https://pubmed.ncbi.nlm.nih.gov/?term=Patel+M&cauthor_id=20107215
https://www.sciencedirect.com/science/article/abs/pii/S1386653204002549#!

421 Molecular characterization of rotavirus Group A VP6 gene in Egyptian surface waters

Rheingans,R. D.; Antil, L. and Dreibelbis,R.(2009). Economic costs of rotavirus
gastroenteritis and cost-effectiveness of vaccination in developing countries. J.
Infect. Dis. 200 (1):S16-S27.

Richardson, V.; Hernandez-Pichardo, J.; Quintanar-Solares, M.; Esparza-
Aguilar, M.; Brian Johnson, B.; Gomez-Altamirano, C.M.; Parashar, U.
and Rotavirus vaccine effectiveness in Hong Kong children. Vaccine, 34 4935—
4942,

Ruiz-Palacios, G.M.; Perez-Schael, I.; VF, R.; Abate, H. and Breuer, T. Clemens,
S.C.; Cheuvart, B.; Espinoza, F.; Gillard, P.; Innis, B.L.; Cervantes, Y.;
Linhares, A.C.; Lbpez,P.; Macias-Parra, M.; Ortega-Barria, E.; Richardson,
V.; Rivera-Medina, D.M.; Rivera, L.; Salinas, B. et al.(2006). Safety and
efficacy of an attenuated vaccine against severe rotavirus gastroenteritis. N. Engl.
J. Med.354:11-22.

Sanneh, B.; Sey, A.P.; Shah, M.; Tate, J.E; Sonko, M.; Jagne, S.; Jarju, M.L.; Sow,
D.; Taal, M.; Cohen, A.; Parashar, U. and Mwenda, J.M. (2018). Impact of
pentavalent rotavirus vaccine against severe rotavirus diarrhea in The Gambia.
Vaccine, 36: 7179-7184.

Santos, N.; Hoshino, Y. (2005). Global distribution of rotavirus serotypes/genotypes and
its implication for the development and implementation of an effective rotavirus
vaccine. Rev Med Virol, 15(1): 29-56.

Snelling, T.L.; Andrews, R.M.; Kirkwood, C.D.; Culvenor, S.; Carapetis, J.R.
(2011). Case—control evaluation of the effectiveness of the G1P[8] human
rotavirus vaccine during an outbreak of rotavirus G2P[4] infection in central
Australia. Clin Infect. Dis., 52:191-9.

Standard methods for the examination of water and wastewater 22nd edition (2012)
no.9510G and 9510D.

Tate, J.E.; Panozzo, C.A.; Payne, D.C.; Patel, M.M.; Cortese, M,M.; Fowlkes, A.L.;
Parashar, U.D. (2009). Decline and change in seasonality of US rotavirus
activity after the introduction of rotavirus vaccine. Pediatrics; 124:465—71.

Tate, J.E.; Patel, M.M.; Steele, A.D.; Gentsch, J.R.; Payne, D.C.; Cortese, M.M.;
Cunliffe, A.; Jiang, B.; Neuzil, K.M.; de Oliveira, L.H.; Roger | Glass, R.I.
and and Parashar, U.D. (2010). Global impact of rotavirus vaccines Expert
Rev. Vaccines, 9(4): 395-407.

Tate, J.E.; Burton, A.H.; Boschi-Pinto, C.; Steele, A.D.; Duque, J. and Parashar,
U.D. (2012). 2008 estimate of worldwide rotavirus-associated mortality in
children younger than 5 years before the introduction of universal rotavirus
vaccination programs: a systematic review and meta-analysis. Lancet. Infect. Dis,
12: 136-141.

Tatte, V.S.; Chitambar, S.D. (2012). Evidence of discordant genetic linkage in the
VP4, VP6, VP7 and NSP4 encoding genes of rotavirus strains from adolescent
and adult patients with acute gastroenteritis. Infection, Genetics and Evolution,
12: 1630-1634.


https://pubmed.ncbi.nlm.nih.gov/?term=Esparza-Aguilar+M&cauthor_id=20107215
https://pubmed.ncbi.nlm.nih.gov/?term=Esparza-Aguilar+M&cauthor_id=20107215
https://pubmed.ncbi.nlm.nih.gov/?term=Johnson+B&cauthor_id=20107215
https://pubmed.ncbi.nlm.nih.gov/?term=Gomez-Altamirano+CM&cauthor_id=20107215
https://pubmed.ncbi.nlm.nih.gov/?term=Parashar+U&cauthor_id=20107215
https://pubmed.ncbi.nlm.nih.gov/?term=Parashar+UD&cauthor_id=19581260

422 Marwa A. Kamel et al, 2020

Tort, L.F.; Victoria, M.; Lizasoain, A.; Garcia, M. and Berois, M. et al. (2015).
Detection of common, emerging and uncommon VP4, and VP7 human group A
rotavirus genotypes from urban sewage samples in Uruguay. Food and
environmental virology, 7(4): 342-353.

Tsolenyanu, E.; Djadou, K.E.; Fiawoo, M.; Akolly, D.A.EE.; Mwenda, J.M.;
Leshem, E.; Tate, J.E.; Aliabadi, N.; Koudema, W.; Guedenon, K.M.;
Godonou, M.; Dagnra, A.; Gbadoe, A.D.; Boko, A.; Landoh, D;
Atakouma, Y. and Umesh D. Parashar, U.D. (2018). Evidence of the impact of
monovalent rotavirus vaccine on childhood acute gastroenteritis hospitalization in
Togo. Vaccine, 36: 7185-7191.

Tucker, A.W.; Haddix, A.C. and Bresee, J.S. (1998).Cost effectiveness analysis of a
rotavirus immunization program for the United States. J. Am. Med. Assoc.
279:1371-1376.

Van Damme, P.; Giaquinto, C.; Maxwell, M.; Todd, P.; Van der Wielen, M. (2007).
Distribution of rotavirus genotypes in Europe, 2004-2005: the REVEAL Study. J
Infect Dis; 195(1):S17-25.

Vesikari, T.; Matson, D.O.; Dennehy, P.; van Damme, P.; Santosham, M.;
Rodriguez, Z.; Dallas, M.J.; Heyse, J.F.; Goveia, M.G.; Black, S.B;
Shinefield, H.R.; Christie, C.D.C.; Ylitalo, S.; Itzler, R.F.; Coia, M.L.;
Onorato, M.T.; Adeyi, B.A.; Marshall, G.S.; Gothefors, L.; Campens, D.;
Karvonen, A.; Watt, J.P.; O'Brien, K.L.; DiNubile, M.J.; Clark, H.F.;
Boslego, J.W.; Offit, P.A. and Heaton, P.M. (2006). Safety and efficacy of a
pentavalent human-bovine (WC3) reassortant rotavirus vaccine. N. Engl. J. Med.,
354:23-33.

Villena, C., EI-Senousy, W. M., Abad, F. X., PintZ, R. M., & Bosch, A. (2003). Group
A rotavirus in sewage samples from Barcelona and Cairo: Emergence of unusual
genotypes. Applied and Environmental Microbiology, 69, 3919-3923.

Wang, F.T.; Mast, T.C.; Glass, R.J.; Loughlin, J.; Seeger, J.D. (2010) Effectiveness
of the pentavalent rotavirus vaccine in preventing gastroenteritis in the United
States. Pediatrics; 125:208-213.

Weintraub, E. S.; Baggs, J.; Duffy, J.; Vellozzi, C.; Belongia, E. A.; Irving, S.; et al.
(2014). Risk of intussusceptions after monovalent rotavirus vaccination. The New
England Journal of Medicine, 370, 513-5109.

World Health Organization. (2009). Rotavirus vaccines: an update. Wkly Epidemiol.
Record. (2009), 84:533-7.

World Health Organization. (2013). Rotavirus vaccines. WHO position paper — January
2013. WKly Epidemiol Rec, 2013; 88:49-64; PMID: 23424730.

World Health organization (WHO), Drinking water. (2019). Available at
https://www.who.int/news-room/fact-sheets/ detail/drinking-water.

World Health Organization. (2020). Vaccine in National Immunization Program
Update 2020.


https://pubmed.ncbi.nlm.nih.gov/?term=Dallas+MJ&cauthor_id=16394299
https://pubmed.ncbi.nlm.nih.gov/?term=Heyse+JF&cauthor_id=16394299
https://pubmed.ncbi.nlm.nih.gov/?term=Goveia+MG&cauthor_id=16394299
https://pubmed.ncbi.nlm.nih.gov/?term=Black+SB&cauthor_id=16394299
https://pubmed.ncbi.nlm.nih.gov/?term=Shinefield+HR&cauthor_id=16394299
https://pubmed.ncbi.nlm.nih.gov/?term=Shinefield+HR&cauthor_id=16394299
https://pubmed.ncbi.nlm.nih.gov/?term=Christie+CD&cauthor_id=16394299
https://pubmed.ncbi.nlm.nih.gov/?term=Ylitalo+S&cauthor_id=16394299
https://pubmed.ncbi.nlm.nih.gov/?term=Itzler+RF&cauthor_id=16394299
https://pubmed.ncbi.nlm.nih.gov/?term=Coia+ML&cauthor_id=16394299
https://pubmed.ncbi.nlm.nih.gov/?term=Onorato+MT&cauthor_id=16394299
https://pubmed.ncbi.nlm.nih.gov/?term=Adeyi+BA&cauthor_id=16394299
https://pubmed.ncbi.nlm.nih.gov/?term=Marshall+GS&cauthor_id=16394299
https://pubmed.ncbi.nlm.nih.gov/?term=Gothefors+L&cauthor_id=16394299
https://pubmed.ncbi.nlm.nih.gov/?term=Campens+D&cauthor_id=16394299
https://pubmed.ncbi.nlm.nih.gov/?term=Karvonen+A&cauthor_id=16394299
https://pubmed.ncbi.nlm.nih.gov/?term=Watt+JP&cauthor_id=16394299
https://pubmed.ncbi.nlm.nih.gov/?term=O%27Brien+KL&cauthor_id=16394299
https://pubmed.ncbi.nlm.nih.gov/?term=DiNubile+MJ&cauthor_id=16394299
https://pubmed.ncbi.nlm.nih.gov/?term=Clark+HF&cauthor_id=16394299
https://pubmed.ncbi.nlm.nih.gov/?term=Boslego+JW&cauthor_id=16394299
https://pubmed.ncbi.nlm.nih.gov/?term=Offit+PA&cauthor_id=16394299
https://pubmed.ncbi.nlm.nih.gov/?term=Heaton+PM&cauthor_id=16394299

423 Molecular characterization of rotavirus Group A VP6 gene in Egyptian surface waters

Yen, C., Healy, K., Tate, J. E., Parashar, U. D., Bines, J., Neuzil, K., et al. (2016).
Rotavirus vaccination and intussusception—science, surveillance, and safety: A
review of evidence and recommendations for future research priorities in low and
middle income countries. Human Vaccines & Immunotherapeutic, 12(10):2580-
2589.

Yeung, K.H.T.; Tate, J.E.; Chan, C.C.; Chan, M.C.W.; Chan, P.K.S.; Poon, K.H.;
Siu, S.L.Y.; Fung, G.P.G.; Leung, K.; Chan, ILM.C.; Yu, P.T. Hang, C,;
Lau, Y.L. and Nelson, E. A.S. (2016). Rotavirus vaccine effectiveness in Hong
Kong children. Vaccine 34 4935-4942.

Yih, W. K.; Lieu, T. A.; Kulldorff, M.; Martin, D.; McMahill-Walraven, C. N.;
Platt, R., et al. (2014). Intussusception risk after rotavirus vaccination in U.S.
Infants. The New England Journal of Medicine, 370: 503-512.

Yousuf, F.A.; Siddiqui,R. and Naveed Ahmed Khan, N.A. (2017). Presence of
rotavirus and free-living amoebae in the water supplies of Karachi, Pakistan. Rev.
Inst. Med. Trop. S&o Paulo. 59:e32.

Zeller, M.; Rahman, M.; Heylen, E.; De Coster, S.; De Vos, S.; Arijs, 1.; Novo, L.;
Verstappen, N.; Van Ranst, M. and Matthijnssens, J. (2010). Rotavirus
incidence and genotype distribution before and after national rotavirus vaccine
introduction in Belgium. Vaccine, 28:7507-7513. DOl 10.1016/j.vaccine,
2010.09.004.

Zeller, M.; Heylen, E.; Tamim, S.; McAllen, J.K.; Kirkness, E.F.; Akopov, A.; De
Coster, S.; Van Ranst, M. and Matthijnssen, J. (2017). Comparative analysis
of the RotarixTMvaccine strain and G1P[8] rotaviruses detected before and after
vaccine introduction in Belgium. PeerJ, DOI 10.7717/peerj.2733.

Zhou, B.; Zhang, Y.; Wang, X.; Dong, J.; Wang, B.; Han, C.; Yu, J. and Li,
D.(2010). Oral administration of plant-based rotavirus VP6 induces antigen-
specific IgAs, 1gGs and passive protection in mice. Vaccine, 28: 6021-6027.

Zhou, N.; Lv, D.; Wang, S.; Lin, X.; Bi, Z.; Wang, H.; Pei Wang, P.; Zhang, H.;
Tao, Z.; Hou, P.; Song, Y. and Xu, A. (2016). Continuous detection and genetic
diversity of human rotavirus A in sewage in eastern China, 2013-2014. Virology
Journal, 13:153.



