Ghonaim et al. Zoonoses (2023) 3:15
DOI 10.15212/Z00NOSES-2023-0004

compwscipt

3

The Epidemiology of Circulating Rotavirus
Associated with Diarrhea in Egyptian Kids
and Calves: A Review
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Abstract

Acute gastroenteritis (AGE) induced by rotavirus has been a major disease
burden in Egypt since 1981 when rotavirus was first reported in humans and
calves. Genome segmentation facilitates the emergence of new virus serotypes,
which allows reassortment during mixed infections, and is a characteristic
feature of the family Reoviridae to which rotavirus belongs. The rotavirus
genome involves 11 double-stranded RNA gene segments encoding 6 non-
structural (NSP1-6) and 6 structural (VP1-4, VP6, VVP7) proteins. Rotavirus A
has a zoonotic potential associated with diarrhea. The primary strategy for
prevention and control of bovine and human rotavirus infections is vaccination;
however, routine rotavirus vaccination has not been implemented in the
National Immunization Program. We evaluated studies published over the last
30 years that pertained to the epidemiology of circulating rotavirus genotypes
among children, calves, and environmental samples in Egypt. The analysis
revealed a rotavirus prevalence of 15%-100%, with diarrhea occurring
throughout the year, but generally peaking during the cold months. G1 was
the predominant genotype in children, followed by G2, G3, G4, G8, G9, and
G12 throughout the study duration. Mixed infections were also detected. G6
was the predominant genotype in calves, followed by G10. There are still gaps
in knowledge regarding molecular data of rotavirus infections in humans,
animals, and environmental samples in Egypt, as well as the zoonotic potential
of rotavirus disease. Therefore, it is critical to continue rotavirus surveillance in
Egypt to further understand the epidemiology of rotavirus infections and the

emerging new genotypes.
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INTRODUCTION

Acute diarrheal disease (ADD) or gastro-
enteritis is a disease caused by bacteria,
viruses, and parasites, and is characterized
by increased bowel motility, which causes
watery or loose stools [1]. ADD is the
most common disease globally and the

principal cause of death among children
<5 years of age [2]. Indeed, most children
<5 years of age worldwide have had gas-
troenteritis [3]. Moreover, the number of
children <5 years of age worldwide with
infectious diarrhea caused by rotavirus
(RV) infection has been estimated to be
approximately 258 million [4]. Between
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2013 and 2017, RV induced 122,000-215,000 diarrheic
child deaths annually [4-6]. RV ranks third among lead-
ing pathogens associated with mortality among all causes
of death in children <5 years of age [6]. Children in low-
and medium-income countries (LMICs) represent the
majority of diarrheal deaths compared to high-income
countries (HICs) [4]. A worldwide health-related statis-
tic from 2016 revealed that among 10 developing coun-
tries, approximately 100/100,000 children die before
reaching 5 years of age, representing the highest RV diar-
rheic deaths [5]. Currently, live attenuated oral RVs are
used as the main strategy to control RV diseases, espe-
cially in countries with high mortality rates [7]. World
Health Organization (WHO) approved two RV vac-
cines (RotaTeq [RV5] and Rotarix [RV1]) in 2008 and
2009, respectively, that are the most extensively used vac-
cines worldwide for the prevention of RV infection [7].
Although the WHO recommended the inclusion of RV
vaccines into all national immunization programs, more
than 100 countries, including Egypt, have not introduced
the vaccines into their compulsory immunization program
[8]. Thus, it is important to continuously survey rotavi-
rus genotypes to verify if the oral vaccines provide full
protection against the common RV genotypes infecting
Egyptian children. This information is crucial to enhance
vaccine development, detect emerging genotypes, and aid
in the evaluation of vaccine efficacy and changes in strain
diversity after vaccines have been introduced.
Gastroenteritis in animals is caused mainly by RV that
was isolated from numerous species of domesticated and
wild mammals [9,10], as well as birds [11]. Subsequently,
these infections significantly led to economic losses in
different livestock (cattle, swine, and horses) due to the
weight loss of affected animals and the cost of treatment.
There is increasing proof of interspecies transmission and
Some
species, such as cattle, pigs, dogs, and cats, have already
been shown to share the RV genetic diversity detected

reassortment between human and animal RVs.

in humans [12]. Neonatal calf diarrhea is one of the most
common diseases in the dairy industry, and is character-
ized by high morbidity and mortality [13]. Group A RVs
are the main etiologic agents for calf diarrhea, which cause
5%—20% of calf losses [14].

In 2010 the WHO estimated that 1.8 billion people
drink unsafe water and 1.2 billion people drink contami-
nated water. In fact, 700,000 diarrheal deaths globally are
attributable to contaminated water each year [15]. Urban
wastewater discharged into surface water can act as a source
of environmental viral contamination. Contamination of
the environment can also occur from the reuse of wastewa-
ter for agriculture or industrial purposes. Enteric viruses
are major causes of gastroenteritis [16] and frequently
replicate in the gastrointestinal tract. Enteric viruses are
excreted in human feces, in which an infected person
can shed up to 10°-10'3 viral particles/g [17,18]. Enteric
viruses have been found not only in wastewater, but also in
rivers, recreational water, and seawater, as well as ground
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water and even treated drinking water [19]. Symptomatic
and asymptomatic persons shed a huge number of viruses
into the sanitary network each day. Therefore, wastewater
is one of the major concentrated sources of human enteric
viruses in the environment. Moreover, if the sanitary net-
work is broken, or untreated or partially treated wastewa-
ter is released directly into the environment, pollution of
other environmental water sources (groundwater, rivers,
and pond water) may occur [20]. Sporadic cases and out-
breaks of gastroenteritis have been detected in association
with RV, norovirus, astrovirus, and adenovirus, which are
also important agents of water-related diseases [17].

Herein, the epidemiology of RV disease is highlighted
and the prevalence of G and P RV serotypes is analyzed
on the basis of data collected from PubMed or other local
databases focusing on children with RV-related diarrhea,
calves with diarrhea, and environmental samples in Egypt
between 1992 and 2022. The possibility of interspecies
transmission and reassortment of RV between human and
animals are discussed.

ROTAVIRUS STRUCTURE

RV belongs to the Reoviridae family and is formed from
a triple-layered particle (TLP) that consists of three types
of particles (double-shelled, single-shelled, and core)
arranged in concentric rings around the genome [21]. The
TLP is the infectious form of the virus [22]. The diame-
ters of the double-shelled, single-shelled, and core parti-
cles are 76.5 nm, 70.5 nm, and 50 nm, respectively. RV is
comprised of a double-stranded RNA (dsRINA) genome
that is composed of 11 segments. Each segment encodes 1
of 6 structural viral proteins (VP1-4, VP6, and VP7) or
5-6 non-structural proteins (NSP1-5/6) [1,23]. The viral
capsid proteins (VPs) are the major antigenic proteins of
the RVs [24], while the NSPs are produced during infec-
tion to aid viral replication and pathogenesis [25].

ROTAVIRUS GROUPS

The RV gender includes viruses that only infect verte-
brates (birds and mammals) [1]. The RVs have a common
antigen (protein VP6), which forms the middle layer [26]
(group antigen) [1]. RV can be classified based on VP6
into 10 groups (RVA-RV]J) according to the International
Committee of Taxonomy of Viruses (ICTVs) [1,25,26].
RVK and RVL were also reported, but not included in the
ICTVs [27]. RVA, RVB, RVC, and RVH infect humans
and animals. Group B rotavirus has been identified in
humans and some animal species (cattle, sheep, pigs, dogs,
and rats). Group C RV affects pigs, cattle, humans, fer-
rets, and dogs [1]. RVH was first identified in humans
in China and Bangladesh, more recently in pigs in Japan
and Brazil [28,29]. RVD, RVE, RVF, and RVG have only
been identified in animals [1,25]. RVD, RVF, and RVG
only infect birds [1,30]. RVE has only been found in pigs
[12]. Recently, RVI and RV] were detected in dogs and
bats, respectively [26,31].
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CLASSIFICATION OF GROUP A ROTAVIRUS

RV classification is based on a binary classification sys-
tem according to immunologic reactions and the struc-
ture of VP7 and VP4 protein genes into glycoprotein
(G) and protease-sensitive (P) genotypes, respectively,
which independently stimulate neutralizing antibody pro-
duction [24,25]. Currently, 42 G-types and 58 P-types
have been described according to the RV Classification
Working Group based on global investigation reports in
both humans and animals [32]. More recently, the whole
genome or 1l-gene typing system replaced the binary
strain typing system to ascribe genotypes to each gene
(Gx-P[x]-Ix-R x-Cx-Mx-Ax-Nx-Tx-Ex-Hx), which codes
for VP7-VP4-VP6-VP1-VP2-VP3-NSP1-NSP2-NSP3-
NSP4-NSP5/6, respectively [33]. The number of genotypes
and the function of the encoded proteins are shown in
Table 1 [34].

ROTAVIRUS DETECTION AND STRAIN
CHARACTERIZATION

Fresh stool samples or rectal swabs are the main samples
used to detect RV infection by confirming the presence

of the RV, virus-specific antigen, or RNA [35,36]. The
laboratory diagnosis of RV includes several techniques,
such as electron microscopy (EM) [37], which recog-
nizes and identifies the virus depending on morphologic
characteristics; however, this technique is expensive,
needs well-trained workers, and a large number of per-
sons for the routine diagnosis of RV in a large number
of specimens. Also, many commercially-available anti-
gen detection kits, such as ELISA, latex agglutination, or
immunochromatography, are used to diagnose RV. The
latex agglutination technique is simple, quick, and easy
to perform without the need of complicated equipment.
Therefore, the latex agglutination technique is useful in
disease outbreak detection [38]. ELISA is the most widely
used antigen detection method because of high sensitiv-
ity, specificity, and ability to test large number of samples
in 96-well plates [35,36]. Virus isolation and growth in
cell lines 1s a useful technique to confirm virus viability
and enhance molecular detection of the virus, especially
if the virus is in very low concentration in environmental
or clinical samples [39-41]. Although viral isolation from
cell lines 1s highly sensitive, this method is expensive,
difficult, easily contaminated, and often not required for
routine clinical diagnosis. Different types of polymerase

TABLE 1 | Number of genotypes ascribed to each gene segment (updated) and the biological functions of the encoded

proteins [33,34].

Genome Size (bp) Number of Genotype  Protein  Type of protein/location  Function
segment genotypes  denotation product in the virion
1 3302 22 R VP1 Structural, inner capsid - RdRp
- sSRNA binding
2 2687 20 @ VP2 Structural, core - Houses RNA genome
3 2592 20 M VP3 Structural, inner capsid  Guanyltransferase Methyltransferase
ssRNA binding
4 2362 51 P VP4 Structural, outer capsid - Receptor binding protein
- Infectivity enhancement through trypsin cleavage
5 1356 26 I VP6 Structural, middle capsid  Serologic grouping and subgrouping antigen
6 1062 36 G VP7 Structural, outer capsid - Neutralization antigen
- Basis of binary classification
7 1581 31 A NSP1 Non-structural - Host interferon antagonist
- Anti-apoptosis
8 1059 22 N NSP2 Non-structural - Helicase
- NTPase
- NDPK
- RBP
9 1074 22 T NSP3 Non-structural - Competition with host PABP for self-4G1 binding
- Translation enhancer
10 751 27 E NSP4 Non-structural - Enterotoxin
- Transmembrane gp
11 666 22 H NSP5 Non-structural - Phosphoprotein
NSP6 Non-structural - ssSRNA and dsRNA binding

Note: RdRp = RNA-dependent RNA polymerase; PABP = poly (A) binding protein; RBP = RNA binding protein; NDPK = nucleoside

diphosphate kinase.



chain reactions (PCRs), such as reverse transcription
(RT-PCR), quantitative (q)PCR, and real-time PCR,
detect RNA in clinical or environmental samples and are
more sensitive techniques than other antigen detection
methods [35,42,43]. For genotyping of circulating RV
strains, VP4 and VP7 sequences, and other genome seg-
ments are required. More recently, the RV Classification
Working Groups recommend whole genome sequencing
for complete characterization of the RV genome and rec-
ognition of unusual genotypes [44].

MODE OF TRANSMISSION

RV is mainly transmitted via the fecal-oral route [45]. As
shown in Fig 1, the spread of human feces is often enhanced
by environmental factors, cush as fingers, foods, fluids, and
fomites through interactions between humans or animals
with the environment [46]. The spread of RV is common
among children; moreover, transmission to close contacts
is highly likely from infected children. RV has the abil-
ity of interspecies and cross-species transmission; reassort-
ments occur, which are the main mechanisms that cause
diversity of RVs and the emergence of new strains [47].

CLINICAL FEATURES

Neonates (<1 month of age) often have asymptomatic
or mildly symptomatic RV infection due to protection
provided by maternal antibodies transferred via the pla-
centa and breast milk [48]. The clinical symptoms of RV
infection include the following: no symptoms-to-mild
symptoms; and watery diarrhea of short duration-to-se-
vere diarrhea with vomiting and fever that can cause
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rapid dehydration with shock, electrolyte imbalance,
and death [24]. The incubation period of RV is 18-36 h
and is followed by the onset of acute fever and vomiting
[49]. In children, more than one episode of RV infection
may occur due to the inability of the natural infection
or the vaccine to provide full protection against future
infections. Remarkably, the primary infection induces
more severe signs than recurrent infections [50].

RV diarrhea in calves is an acute infection with a very
short incubation period of 12-24 h that ranges from
18-96 h. RV in calves is characterized by high morbidity,
although infection is usually mild and self-limiting. The
clinical symptoms in calves are affected by host age, host
immune status, host nutrition status, environmental stress
(such as housing, overcrowding or weather conditions),
variation in virulence among RV strains, and occurrence
of mixed infections. The clinical features of RV infec-
tion in calves involve fluid loss and metabolic acidemia,
anorexia, profuse watery diarrhea, and different degrees of
systemic dehydration [51]. In severe cases, death occurs as
a consequence of electrolyte imbalances, dehydration, and
cardiac arrest [52].

DISTRIBUTION OF GROUP A ROTAVIRUS
STRAINS IN EGYPTIAN CHILDREN

Genotyping of RVA strains in epidemiologic investigations
is determined by G and P types. Due to the segmented
characteristic of the RVA genome, the genes that encode
for VP7 and VP4 can segregate in an independent man-
ner, leading to a large diversity of strains. Over the last 30
years, RV epidemiologic studies have been conducted in

New Host

FIGURE 1 | The figure shows the mode of rotavirus transmission. The primary mode of transmission is the transfer of the virus in the stool of
one child-to-the mouth of another child (fecal-oral route). Other possible means of transmission are contaminated food, contaminated water,
and fomites. The vertical lines (black) show barriers against transmission, i.e., toilet barrier, clean water barrier, hand washing, and proper

hygiene barrier [21].
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both urban and rural areas in Egypt. Between 1992 and
2008, a total of 5804 samples from children were subjected
to RV detection and genotyping, of which 671 (11.5%)
were positive. G1 was the most predominant genotype,
followed by G2, then G3 and G9; G4, G8, and G12 were
also detected during this period. Between 2008 and 2022,
a total of 2552 samples were subjected to RV detection
and genotyping, of which 829 (32.5%) were positive. G1
remained the predominant genotype, followed by G3, then
G9, G2, G4, G8, and G12.These studies were carried out
on patients with acute diarrhea from outpatient clinic vis-
its or hospitalizations. These studies showed an average RV
prevalence of 15%—100%. Data are shown in Figs 2 and 3,
and Table 2.

G1-G4 genotypes

All 4 globally-important RV G types (G1-G4) of epide-
miologic significance have been detected in Egypt. Each
genotype was predominant over a specific time period.
The first study genotyping human RV, which was con-
ducted in Egypt in 1992, revealed that G1 and G4 were
equally predominant genotypes [53]; however, other
reports have revealed that the G1 genotype was mostly
predominant in 2002 [56], between 2009 and 2012
[62-64], 2015-2017 [67,68], and 2018-2020 [69,70].
The G2 genotype was the most predominant genotype
during the 1995-1996, 20042007, and 20062007 sea-
sons [54,58,61]. Other studies indicated that the G3 gen-
otype was predominant during the 2005-2006, 2011—
2012, 20152016, and 2019-2020 seasons [59,65,66,71].
G4 was the predominant strain during the 1992-1993
season [53] and in 2006 [60].
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P[8], P[4], and P[6] genotypes

P[8], P[4], and P[6] are the major P genotypes, account-
ing for nearly 99% of all human RV infections occur-
ring in Egypt. P[8] was the most prevalent genotype in
2002 and between 2009 and the present studies reported
that P[8] represented >50% of all P genotypes detected
in many regions of Egypt during the study period
[56,62,64,65,67,69-71]; P[4] and P[6] were the second
and third most common P genotypes identified, respec-
tively [56,61,64,66-69]. Other investigations reported
that the P[4] genotype was predominant during February
1995 through February 1996 in Abu Homos district,
March 2006 through February 2007 in Cairo and Giza
governorates, Feb. 2009 to Jan. 2010 and Oct. 2015 to
Sep. 2017 in Cairo [54,61,62,68].

CLINICAL SIGNIFICANCE OF UNUSUAL
G GENOTYPES IN EGYPT

G9 genotype

G9 1s known to be the fifth most common genotype,
after the G1-G4 genotypes, currently circulating in
the human population. The first G9 rotavirus, WI61,
was identified in children in the USA in 1983 [72].
Subsequently, G9 strains have been commonly described
as the causative agents of diarrhea among children and

have been identified in several countries as one of the
most widespread and emerging genotypes [73]. In Egypt,
the G9 strain was first identified during the 2000-2001
rotavirus season [60]. Subsequently, G9 strains have been
identified during successive seasons across the country
[56,58,61-69].
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G12 genotype

G12 was first detected in1987 in the Philippines and was
designated L26. The G12 genotype was first identified
in Egypt during the 2006-2007 season [61]. Another
study detected the G12 genotype during the 20112012
season [65].

G10 genotype

Research analyses showed that the G10 RV strain has sel-
dom been identified in Egypt. Only one G10 strain has
been detected in Egypt, and this occurred during the
2015-2016 season [66]; however, more studies are war-
ranted to determine the importance and distribution of
this RV strain in the Egyptian population.

HUMAN ROTAVIRUS MIXED INFECTIONS

Mixed and multiple RV infections have been recorded
in Egypt. The first RV mixed infection involving G1
and G2 was recorded in 1992 [54]. Another study [58]
reported the first co-infection involving G2 and G3, and
G2 and G9. Amer et al. [60] detected the first mixed RV
infection involving G1 and G9. A mixed infection involv-
ing Gland G4 was also recorded during the 2009-2010
season [63]. A previous study described a mixed infection
involving G1 and G3 [65]. Another study detected mixed
infections involving G1 and G9, and G1 and G4 [64].
Multiple infections involving G1/G3/G8, and G3/GS8
were described for the first time in Egypt during the
2015-2016 season [66].

SEASONAL VARIATION OF ROTAVIRUS IN
HUMANS

RV infections occur in Egypt throughout the year. Most
studies have shown that peak infections mainly occur
in the winter [60-63,65,68,70]. Saudy et al. [64] and
Ahmed et al. [58] reported peak RV infections in autumn.
Allayeh et al. [67] and Shaheen et al [66] showed that peak
RV infections occurred in the spring.

DISTRIBUTION OF ROTAVIRUS STRAINS IN
ANIMALS

G6, G10, and G8 combined with P[5], P[11], and P[1]
are considered to be important bovine RV-group A gen-
otypes [74]. Bovine RV was first detected in Egypt in
1981 [75]. Since that time, numerous studies have been
conducted that detected RV in cattle calves [76-82].
Only two studies genotyped circulating bovine RV
strains in Egypt, in which G6 was the predominant
genotype followed by G10; however, P[5] was the pre-
dominant serotype followed by P[11] with the detec-
tion of only one mixed infection involving P[5] and
P[11] [83,84]. Hemida [85] confirmed the first group
D avian RV in Egypt. Data are shown in Figs 4 and 5
and Table 3.
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FIGURE 4 | Prevalence of G genotypes in calves (n=28) in Egypt.
G6 was the predominant genotype, followed by G10.
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FIGURE 5 | Prevalence of P genotypes in calves (n=28) in Egypt.
P[5] was the predominant serotype, followed by P[11].

SEASONAL VARIATION OF ROTAVIRUS IN
ANIMALS

The peak RV infection in animals was detected in the win-
ter [80,84]. RV infections peak during the cold months.
This finding may be due to an increased capability to sur-
vive at low relative humidity and temperature. Moreover,
during the spring and summer the titer of immunoglobu-
lins, such as IgA, IgM, and IgG in colostrum, which pro-
vide protection against infections in calves increases while
immunoglobulin titers decrease in the autumn and winter

[87,88].

DISTRIBUTION OF ROTAVIRUS STRAINS IN
ENVIRONMENTAL SAMPLES

Many researchers have investigated the prevalence of
human RV VP4 and VP7 genotypes in environmen-
tal water samples; data are shown in Figs 6 and 7 and
Table 4.

Before 2000, G1 was the predominant genotype
detected in sewage water [89]. Since that time, two
surveillance studies indicated that the G1 genotype was
predominant during the 2015-2017 seasons [92,93]. The
G2 genotype was the most predominant genotype dur-
ing the 2006—2007 season [90]; however, another study
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TABLE 3 | Rotavirus genotypes among Egyptian calves and camels with acute gastroenteritis.

Area of study Year of sample

collection samples tested

Number of stool Age (years)

Percent positive Predominant Predominant Reference
with rotavirus G genotype P genotype

Alexandria and Ismalia 2004-2005 85

Camel calves 2

9.50% G10 Not typed  [86]

weeks—4 months old

Sharkia and Cairo Early 2015 25 Calves 3 weeks—10 48% G6 P[11] [83]
months old
Veterinary Teaching Hospital, January 16 Calves 3-60 days 100% G6 P[5] [84]
Faculty of Veterinary 2018-November old
Medicine, Assiut University 2019
45 4 infections of different RV genotypes in sewage water
407 [89,91] and in the Nile River [95].
5 3(5) With respect to the VP4 genotypes, P[8] was the pre-
E 55 dominant genotype detected in sewage water through-
é 20 - 17 out the time period of this review [89-91,93]; however,
& 1(5) 1 . 13 P[4] was the predominant genotype in only one surveil-
5: lance study [92]. P[6] was also detected in sewage water
0 [89,91,93]. P[8] constituted the predominant genotype of
5 S 5 3 3 8 g _%é all tap water samples collected [94]. Samples from the Nile
o 3 = River showed that P[8] was the dominant genotype, fol-
— [l
o é lowed by P[4], then P[6] [95].
G Genotype

FIGURE 6 | Prevalence of G genotypes in sewage samples (n=91)
in Egypt. G1 was the most predominant genotype, followed by G3,
then G9, G2, and G4.

45 43

Cases Number
[oe]
i

51 1

P[4] P[6] P[8]
P Genotype

P[4]P[8] Non Typable

FIGURE 7 | Prevalence of P genotypes in sewage (n=91) in Egypt.
P[8] was the predominant genotype, followed by P[4], then P[6].

concluded that the G3 genotype was the predominant
genotype [91]. G9 was first detected in sewage samples
in 1998 [89], and subsequently detected in other studies
[90,91]. G4, G10, and G12 genotypes were also detected
in sewage water [89-92]. During the 2016-2017 season,
RV A was detected in tap water in which G1 constituted
>50% of all collected cases, followed by the G2, G4,
and G9 genotypes [94]. Another study investigated the
presence of RV in Nile water [95], and revealed that
G1 was the predominant genotype, followed by G2,
then G3 and G9. Several studies have confirmed mixed

SEASONAL VARIATION OF GROUP A
ROTAVIRUS IN ENVIRONMENTAL SAMPLES

RV in raw sewage was shown to peak during the winter
season [91,93-95]. The predominance of viral infections
during the winter months, which refers to the probable
transmission of viral gastroenteritis via a respiratory route,
is not completely understood; however, some studies have
shown increased virus stability, such as astrovirus, polio-
virus, and hepatitis A virus, in the environment at low
temperatures [96,97], and therefore higher viral titers in
sewage.

DETECTION OF ROTAVIRUS IN ANIMAL
PRODUCTS

Enteric viruses are major causes of gastroenteritis food-
borne outbreaks. Following infection, viruses replicate
in the gastrointestinal tract, then shed in human feces.
Enteric viruses are transmitted via the fecal-oral route
and ingestion of contaminated foods. In the US, viruses
are responsible for 35% and 11% of total hospitaliza-
tions and death cases associated with foodborne illnesses,
respectively [98]. Some researchers in Egypt have inves-
tigated the presence of RV in animal products. In a sur-
veillance investigation involving 2400 Egyptian meat
and dairy products conducted from January to December
2007, hepatitis A virus and human RV were detected in
5.33% and 6.75%, respectively [99]. In contrast, another
study detected bovine RV by ELISA in raw milk and
milk products (cheese and yoghurt) during the 2011-2012
season [100].
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TABLE 4 | Rotavirus genotypes in environmental samples.

Reference

Predominant
P genotype

P[8]

Predominant
G genotype

G1

Percent positive with rotavirus

Number of sewage samples

Year of sample collection

Area of study

(89]

85.70%

35 sewage samples

November

Three sewage treatment plants (Balaks, Zenin, and El

Berka) in Cairo, Egypt

1998-October 1999

[90]

P[8]

G2

72 sewage samples 8.30%

April 2006-February

2007

Two waste water treatment plants (WWTPs) located at

Zenin and El-berka in Greater Cairo

[91]

P[8]

G3

- 29.9% raw sewage
- 7.4% treated sewage

- 27 raw sewage

June 2015-August 2017

Zenin wastewater treatment plant (WWTP) in Cairo,

Egypt

- 27 treated sewage
- 27 sewage sludge

- 18.5% sewage sludge samples

[92]

P4]

G1

100%

24 raw sewage samples

October 2015-March

2017

Inlets of El-Gabal El-Asfar and Zenin wastewater

treatment plants (WWTPs)

(93]

P[8]

G1

- 23.6% raw sewage

72 water samples were

July 2016—June 2017

Wastewater treatment plant (WWTP) in Sharkeya

Governorate, Egypt

- 16.6% treated wastewater

collected from inlets (n = 36)

and outlets (n = 36)

(94]

P[8]

G1

15.60%

180 tap water samples

December

Public café, restaurants and homes found in five separate

cities: Cairo, Giza, Helwan, Qalyubia, and Faiyum

2016-November 2017

[95]

P[8]

18.75% G1

96 water samples

June 2016-May 2017

The Nile water stream passing through Giza

INTERSPECIES TRANSMISSION AND
ZOONOTIC POSSIBILITY

RVs have a broad host range, and can infect humans and
various animal species. As mentioned before, there are
antigenic similarities between human and animal RV
strains. Hence, whether or not animals can act as a source
of RV infection for humans needs clarification. Another
theory suggests that upon certain conditions, animal RVs
can definitely infect humans and induce disease. The
segmented nature of the genome allows viruses, such as
influenza virus and RVs, to form new strains via reas-
sortment. This reassortment can occur during viral rep-
lication and packaging as a result of genome segment
exchange between two different RV strains infecting the
same cell [101]. Theoretically, the 11 genome segments of
the parental virus strains can reassort into 2048 [101,102]
probable genome constellations if reassortment is random.

Holmes et al. [55] reported the detection and isolation
of the first G8P[14] RV from stool specimens obtained
from two Egyptian children. These two strains (EGY1850
and EGY2295), shared a high level of homology of VP7,
and with the VP7 sequences from both human and bovine
G8 RVs (>82% nucleotide [nt] and >92% amino acid [aa]
sequence identity). G8 isolates are commonly detected in
cattle, unlike humans. This finding may be caused by the
interspecies transmission of RVs between humans and cat-
tle inducing natural reassortants. Sequence analysis of the
VP4 genes of both strains revealed 89.6% nt and 97.1%
aa sequence identity and greatest homology (>83% nt
and >93% aa) to the published P[14] human RV strains.
In addition, both strains exhibited 81%—86.9% nt and
91.8%—95.8% aa similarity to the lapine P[14] RV strains.
Another report indicated that the G6P[14] genotypic
combination was isolated for the first time from a 2-year-
old Egyptian child [57], which was the first documented
human G6 RV strain in Africa; this strain was designated
EGY3399. Sequences of the NSP4 and NSP5 genes of this
strain shared the highest similarity of bovine and simian
origin, respectively. Moreover, the other genes encoding
non-structural proteins were closely related to the genes
of animal origin. Interestingly, the three aforementioned
atypical Egyptian human P[14] RV isolates are closely
related to the bovine G8 and G6 genotypes. A previous
study concluded that depending on the VP7 gene sequence,
there is a close association of group A RVs between bovine
and humans in Egypt [103]. Sequencing of two VP7 iso-
lates (one from a human and one from a calf) showed a
high level of VP7 gene homology (95.3% nt and 97.6%
aa sequence identity). Thus, this strong identity between
the two strains showed that VP7s of bovine RV origin is
shared in strains of human RVs. This finding confirms the
interspecies transmission of bovine RV to humans, which
may be due to the close contact between human and farm
animals, especially in developing countries. Another unu-
sual group A RV was detected and isolated for the first
time in a stool sample from a child 6 months of age who
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had acute gastroenteritis in Egypt in 2012 [104]. Full
genomic characterization by next-generation sequencing
and phylogenetic analysis revealed that the AS997 strain
had the consensus P[14] genotype constellation with G9,
T1, and H1 reassortment. VP6 was most closely related to
human and cat strains with a nt sequence identity of 96.0T
and 94.5%, respectively, and clustered with other human
strains. The AS997 strain VP2 genotype had a 95.3% nt
sequence identity with antelope RVA and clustered with
other human and bovine C2 strains.

Interspecies transmission of RV among animals was also
confirmed in Egypt. A study reported RVA infection in
dromedary camels in Egypt between 2004 and 2005 [86].
VP7 sequence analysis of the two isolates showed high
shared identity to the G10 serotype of group A bovine RVs
ranging from 90%-93%. More recently, a study investi-
gated the RVA prevalence among diarrheic children and
rats (15.4% and 3.3%, respectively) [105]. Notably, both
human and rat sequences shared high identity (99% and
98%, respectively) with human RVA genotype G3P[8]
considering that the G3P[8] genotype is the most preva-
lent human RVA genotype circulating among children in
Cairo, Egypt [65].

CONCLUSIONS AND RECOMMENDATIONS

RV is the most common causative agent of acute diar-
rhea in children and animals worldwide. RV is also the
main common cause of gastroenteritis in infants, young
children, and calves in Egypt. There are currently vari-
ous commercially-available diagnostic techniques for RV
detection in clinical and environmental samples. ELISA
and PCR are the most commonly used techniques for
detecting, serotyping, and genotyping virus infections. As
a result of low human vaccine coverage, the incidence of
the RV infection 1s high in African countries. The same
situation exists in animals because there are no commonly
administered vaccines for animals in Africa. RV research
and genotyping has not been given priority attention
in Egypt. This review evaluated the epidemiology of G
and P RV genotypes based on data between 1992 and
2022. All the available published studies on RV investi-
gations in Egypt were retrieved from PubMed or other
local databases. Variations in the distributions of the G
and P genotypes were noted to be linked with temporal
and geographic situations. Generally, we found limita-
tions in the depth and quantity of investigations in Egypt.
Bovine RV was shown to be a neglected disease in Egypt,
although there is high calf mortality because of diarrhea
in various regions. There are potent interactions between
animal and human group A RV. The zoonotic surveys are
limited due to rare availability of genome sequences of
animal group A RV. The concurrent investigation of RVA
infections in animals, including wild species, and humans,
as well as the accumulation of nt sequences from animal
strains are critical to recognize the biology, epidemiology,
and evolution of such viruses.

Ghonaim et al.

Hence, based on this review, the subsequent points are
recommended:
¢ Continued human RV surveillance investigations should
be performed to recognize new strains circulating in

Egypt;

e A human RV vaccine should be introduced into the
National Immunization Program;

e A human RV vaccine shall include the G9 strain as it is
frequently detected;

* A bovine RV in Egypt should be given more attention
from the animal health policy for the implementation of
investigations and research reports to enhance the pro-
ductivity so that the country benefits from the animal
health sector;

* A bovine RV vaccine needs to be introduced into Egypt
after detection and characterization of the different strains
that cause calf diarrhea; and

* Future studies, such as a 2-year long surveillance on both
environmental and clinical samples with a phylogenetic
analysis, are required to elucidate the epidemiology of RV.

ACKNOWLEDGEMENTS

We are grateful to Mrs. Amal EL-Fakharany for data, facilitation,
collaboration, and other support during the period of this review.
This research was supported by the "Yingzi Tech & Huazhong
Agricultural University Intelligent Research Institute of Food Health”
(No. IRIFH202209) and China Agriculture Research System of MOF
and MARA (No. CARS-35).

CONFLICTS OF INTEREST

The authors declare that they have no conflicts of interest with the
content of this article.

REFERENCES

1. Estes MK, Kapikian AZ. Rotaviruses. In Field Virology. Edited
by Knipe DM, Howley PM, Griffin DE, Lamb RA, Martin MA,
Roizman B, et al. 51 ed. Philadelphia: Lippincott Williams &
Wilkins; 2007:1917-1974.

2. Black RE, Cousens S, Johnson HL, Lawn JE, Rudan |,

Bassani DG, et al. Global, regional, and national causes
of child mortality in 2008: a systematic analysis. Lancet.
2010;375(9730):1969-1987.

3. Lanata CF, Fischer-Walker CL, Olascoaga AC, Torres CX, Aryee
MJ, Black RE, et al. Global causes of diarrheal disease mortality
in children <5 years of age: a systematic review. PLoS One.
2013 Sep 4;8(9):e72788.

4. Troeger C, Khalil IA, Rao PC, Cao S, Blacker BF, Ahmed T,
et al. Rotavirus vaccination and the global burden of rotavirus
diarrhea among children younger than 5 years. JAMA Pediatr.
2018;172:958-965.

5. Tate E, Burton AH, Boschi-Pinto C, Parashar UD. World Health
Organization—Coordinated Global Rotavirus Surveillance
Network. Global, regional, and national estimates of rotavirus
mortality in children <5 years of age, 2000-2013. Clin Infect
Dis. 2016;62:596-5105.

6. GBD 2016 Causes of Death Collaborators. Global, regional,
and national age-sex specific mortality for 264 causes of death,
1980-2016: a systematic analysis for the Global Burden of
Disease Study 2016. Lancet. 2017 Sep 16;390(10100):1151-
1210. Erratum in: Lancet. 2017 Oct 28;390(10106):e38.

7. World Health Organization. Summary of key characteristics of
currently WHO-Pre-qualified rotavirus vaccines, Version 1.4.



The Epidemiology of Circulating Rotavirus Associated with Diarrhea in Egyptian Kids and Calves: A Review 11

20.

21.

22.

23.

24.

25.

26.

Dated 26 February 2019. Available from: https://www.who.
int/publications/i/item/WHO-IVB-2021.03. Accessed on 15 July
2021.

Karami M, Berangi Z. The need for rotavirus vaccine
introduction in the national immunization program of more
than 100 countries around the world. Infect Control Hosp
Epidemiol. 2018;39(1):124-125.

Dhama K, Chauhan RS, Mahendran M, Malik SV. Rotavirus
diarrhea in bovines and other domestic animals. Vet Res
Commun. 2009 Jan;33(1):1-23.

. Abe M, Yamasaki A, Ito N, Mizoguchi T, Asano M, Okano T,

et al. Molecular characterization of rotaviruses in a Japanese
raccoon dog (Nyctereutes procyonoides) and a masked palm
civet (Paguma larvata) in Japan. Vet Microbiol. 2010 Dec
15;146(3-4):253-259.

. Silva LC, Sanches AA, Gregori F, Brandao PE, Alfieri AA,

Headley SA, et al. First description of group A rotavirus from
fecal samples of ostriches (Struthio camelus). Res Vet Sci. 2012
Oct;93(2):1066-1069.

. Martella V, Banyai K, Matthijnssens J, Buonavoglia C, Ciarlet

M. Zoonotic aspects of rotaviruses. Vet Microbiol. 2010 Jan
27;140(3-4):246-255.

. Pardo-Mora D, Vargas-Bermudez DS, Oliver-Espinosa O, Jaime-

Correa J. Molecular characterization of rotaviruses isolated
from calves with bovine neonatal diarrhea (BND) in Colombia.
Infectio. 2018;22(2):99-104.

. Kim HJ, Park JG, Matthijnssens J, Lee JH, Bae YC, Alfajaro MM,

et al. Intestinal and extra-intestinal pathogenicity of a bovine
reassortant rotavirus in calves and piglets. Vet Microbiol. 2011
Sep 28;152(3-4):291-303.

. Onda K, LoBuglio J, Bartram J. Global access to safe water:

accounting for water quality and the resulting impact on MDG
progress. Int J Environ Res Public Health. 2012 Mar;9(3):880-894.

. Oude Munnink BB, van der Hoek L. Viruses causing

gastroenteritis: the known, the new and those beyond. Viruses.
2016 Feb 8;8(2):42.

. Bosch A, Guix S, Sano D, Pinté RM. New tools for the study

and direct surveillance of viral pathogens in water. Curr Opin
Biotechnol. 2008 Jun;19(3):295-301.

. Espinosa AC, Mazari-Hiriart M, Espinosa R, Maruri-Avidal L,

Méndez E, Arias CF. Infectivity and genome persistence of
rotavirus and astrovirus in groundwater and surface water.
Water Res. 2008 May;42(10-11):2618-2628.

. Bosch A. Human enteric viruses in the water environment: a

minireview. Int Microbiol. 1998 Sep;1(3):191-196.

Fong TT, Lipp EK. Enteric viruses of humans and animals in
aquatic environments: health risks, detection, and potential
water quality assessment tools. Microbiol Mol Biol Rev. 2005
Jun;69(2):357-371.

Sadiq A, Bostan N, Yinda KC, Naseem S, Sattar S. Rotavirus:
genetics, pathogenesis and vaccine advances. Rev Med Virol.
2018 Nov;28(6):e2003.

Bishop RF, Davidson GP, Holmes IH, Ruck BJ. Virus particles in
epithelial cells of duodenal mucosa from children with acute non-
bacterial gastroenteritis. Lancet. 1973 Dec 8;2(7841):1281-1283.
Surendran S. Review article: rotavirus infection: molecular
changes and pathophysiology. EXCLI J. 2008;7:154-162. ISSN
1611-2156.

Crawford SE, Ramani S, Tate JE, Parashar UD, Svensson L,
Hagbom M, et al. Rotavirus infection. Nat Rev Dis Primers. 2017
Nov 9;3:17083.

Matthijnssens J, Ciarlet M, McDonald SM, Attoui H, Banyai K,
Brister JR, et al. Uniformity of rotavirus strain nomenclature
proposed by the Rotavirus Classification Working Group
(RCWG). Arch Virol. 2011 Aug;156(8):1397-1413.
Mihalov-Kovécs E, Gellért A, Marton S, Farkas SL, Fehér E, Oldal
M, et al. Candidate new rotavirus species in sheltered dogs,
Hungary. Emerg Infect Dis. 2015 Apr;21(4):660-663.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Johne R, Schilling-Loeffler K, Ulrich RG, Tausch SH. Whole
genome sequence analysis of a prototype strain of the novel
putative rotavirus species L. Viruses. 2022 Feb 24;14(3):462.
Nagashima S, Kobayashi N, Ishino M, Alam MM, Ahmed MU,
Paul SK, et al. Whole genomic characterization of a human
rotavirus strain B219 belonging to a novel group of the genus
rotavirus. J Med Virol. 2008 Nov;80(11):2023-2033.

Molinari BL, Lorenzetti E, Otonel RA, Alfieri AF, Alfieri AA.
Species H rotavirus detected in piglets with diarrhea, Brazil,
2012. Emerg Infect Dis. 2014 Jun;20(6):1019-1022.

Johne R, Otto P, Roth B, Lohren U, Belnap D, Reetz J, et al.
Sequence analysis of the VP6-encoding genome segment

of avian group F and G rotaviruses. Virology. 2011 Apr
10;412(2):384-391.

Banyai K, Kemenesi G, Budinski I, Féldes F, Zana B, Marton

S, et al. Candidate new rotavirus species in Schreiber’s bats,
Serbia. Infect Genet Evol. 2017 Mar;48:19-26.

Steger CL, Boudreaux CE, LaConte LE, Pease B, McDonald SM.
Group a rotavirus VP1 polymerase and VP2 core shell proteins:
intergenotypic sequence variation and in vitro functional
compatibility. J Virol. 2019;93:e01642-18.

World Health Organization (WHO). Rotavirus Vaccines: WHO
Position Paper — July 2021. Weekly Epidemiological Record.
2021;28:301-320. Available from: https://www.who.int/wer.
Accessed on 16 September 2021.

RCWG, 2020. Rotavirus classification working group: RCWG

— laboratory of viral metagenomics (kuleuven.be). List of
Accepted Genotypes. Available from: https://rega.kuleuven.be/
cev/viralmetagenomics/virus-classification/rcwg. Accessed on 13
May 2022.

Yen C, Cortese MM. Rotaviruses. In Principles and Practice of
Pediiatric Infectious Diseases. Amsterdam, the Netherlands:
Elsevier; 2018:1122-1125.e3.

Lequin RM. Enzyme immunoassay (EIA)/enzyme-

linked immunosorbent assay (ELISA). Clin Chem. 2005
Dec;51(12):2415-2418.

Brandt CD, Kim HW, Rodriguez WJ, Thomas L, Yolken RH,
Arrobio JO, et al. Comparison of direct electron microscopy,
immune electron microscopy, and rotavirus enzyme-linked
immunosorbent assay for detection of gastroenteritis viruses in
children. J Clin Microbiol. 1981 May;13(5):976-981.

El-Ageery MS, Ali R, EI-Khier NTA, Rakha SA, Zeid MS.
Comparison of enzyme immunoassay, latex agglutination and
polyacrylamide gel electrophoresis for diagnosis of rotavirus in
children. Egypt J Basic Appl Sci. 2020;7(1):47-52.

van Zyl WB, Page NA, Grabow WO, Steele AD, Taylor MB.
Molecular epidemiology of group A rotaviruses in water sources
and selected raw vegetables in Southern Africa. Appl Environ
Microbiol. 2006 Jul;72(7):4554-4560.

Cho Y. Ecology of Calf Diarrhea in Cow-Calf Operations.
Dissertations thesis. IOWA State University, Ames, IA, USA;
2012. Available from: https://bit.ly/3sRiMyN.

Malik YS, Kumar N, Sharma K, Sharma R, Kumar HB, Anupamlal
K, et al. Epidemiology and genetic diversity of rotavirus 144
strains associated with acute gastroenteritis in bovine, porcine,
poultry and human population of Madhya Pradesh, Central
India, 2004-2008. Adv Anim Vet Sci. 2013;1(4):111-115.
World Health Organization (WHO). Manual of Rotavirus Detection
and Characterization Methods. 2009.World Health Organization,
Geneva, Switzerland. Available from: https://bit.ly/3ESqNFR.
lturriza Gomara M, Kang G, Mammen A, Jana AK, Abraham M,
Desselberger U, et al. Characterization of G10P[11] rotaviruses
causing acute gastroenteritis in neonates and infants in Vellore,
India. J Clin Microbiol. 2004;42:2541-2547.

Matthijnssens J, Otto PH, Ciarlet M, Desselberger U, Van

Ranst M, Johne R. VP6-sequence-based cutoff values as a
criterion for rotavirus species demarcation. Arch Virol. 2012
Jun;157(6):1177-1182.


https://www.who.int/publications/i/item/WHO-IVB-2021.03
https://www.who.int/publications/i/item/WHO-IVB-2021.03
https://www.who.int/wer
https://rega.kuleuven.be/cev/viralmetagenomics/virus-classification/rcwg
https://rega.kuleuven.be/cev/viralmetagenomics/virus-classification/rcwg
https://bit.ly/3sRiMyN
https://bit.ly/3ESqNFR

12

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

World Health Organization (WHO). Surveillance standards

for vaccine-preventable diseases, 2nd edition. Last Updated:

5 September 2018. Available from: https:/www.who.
int/publications/i/item/surveillance-standards-for-vaccine-
preventable-diseases-2nd-edition. Accessed on 20 April 2020.
Julian TR. Environmental transmission of diarrheal pathogens in
low and middle income countries. Environ Sci Process Impacts.
2016 Aug 10;18(8):944-955.

Li K, Lin XD, Huang KY, Zhang B, Shi M, Guo WP, et al.
Identification of novel and diverse rotaviruses in rodents and
insectivores, and evidence of cross-species transmission into
humans. Virology. 2016;494:168-177.

Kilgore PE, Unicomb LE, Gentsch JR, Albert MJ, McElroy CA,
Glass RI. Neonatal rotavirus infection in Bangladesh: strain
characterization and risk factors for nosocomial infection.
Pediatr Infect Dis J. 1996 Aug;15(8):672-677.

Senecal M, Brisson M, Lebel MH, Yaremko J, Wong R, Gallant
LA. Severity, healthcare resource use and work loss related

to rotavirus gastroenteritis: a prospective study in community
practice, vol. 3. Vancouver: Canadian Public Health Association;
2006;28-31.

Center for Disease Control and Prevention/National Center for
Immunization and Respiratory Diseases (CDC/NCIRD). Division
of Viral Diseases. Updated: 5 November 2019. Available from:
https://www.cdc.gov/. Accessed on 16 May 2020.

Holland RE. Some infectious causes of diarrhea in young farm
animals. Clin Microbiol Rev. 1990 Oct;3(4):345-375.

Perez E, Kummeling A, Janssen MM, Jimenez C, Alvarado R,
Caballero M, et al. Infectious agents associated with diarrhoea
of calves in the canton of Tilaran, Costa Rica. Prev Vet Med.
1998;33(1-4):195-205.

Radwan SF, Gabr MK, El-Maraghi S, El-Saifi AF. Serotyping

of group A rotaviruses in Egyptian neonates and infants less
than 1 year old with acute diarrhea. J Clin Microbiol. 1997
Nov;35(11):2996-2998.

Naficy AB, Abu-Elyazeed R, Holmes JL, Rao MR, Savarino SJ,
Kim Y, et al. Epidemiology of rotavirus diarrhea in Egyptian
children and implications for disease control. Am J Epidemiol.
1999 Oct 1;150(7):770-777.

Holmes JL, Kirkwood CD, Gerna G, Clemens JD, Rao

MR, Naficy AB, et al. Characterization of unusual G8

rotavirus strains isolated from Egyptian children. Arch Virol.
1999;144(7):1381-1396.

Matson DO, Abdel-Messih IA, Schlett CD, Bok K, Wienkopff
T, Wierzba TF, et al. Rotavirus genotypes among hospitalized
children in Egypt, 2000-2002. J Infect Dis. 2010 Sep;202 Suppl
1,5263-S265.

El Sherif M, Esona MD, Wang Y, Gentsch JR, Jiang B, Glass

RI, et al. Detection of the first G6P[14] human rotavirus strain
from a child with diarrhea in Egypt. Infect Genet Evol. 2011
Aug;11(6):1436-1442.

Ahmed SF, Mansour AM, Klena JD, Husain TS, Hassan KA,
Mohamed F, et al. Rotavirus genotypes associated with acute
diarrhea in Egyptian infants. Pediatr Infect Dis J. 2014 Jan;33
Suppl 1:562-568.

Afifi NA, EL-Temawy AM, El-Sedafy Gh.O, Hanash SH.Detection
of rotavirus infection among children with acute diarrhea in
Assiut Pediatric University Hospital: genotying and comparison
between strips, EIA and RT-PCR. Egypt J Med Microbiol. 2007
Jan;16(1).

Amer MA, Salam SM, Ibrahim HA, Farag MM. Detection

of group A rotavirus and characterization of G type among
Egyptian children with diarrhea. Egypt J Med Microbiol.
2007;16(1):123-132.

Kamel AH, Ali MA, EI-Nady HG, de Rougemont A, Pothier

P, Belliot G. Predominance and circulation of enteric viruses

in the region of Greater Cairo, Egypt. J Clin Microbiol. 2009
Apr;47(4):1037-1045.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Ghonaim et al.

Shoeib AR, Abou-Senna AM, ELSayed SE, Zarouk WA,
EL-Meleigy MA, EI-Esnawy NA. Molecular characterization of
rotavirus infection among Egyptian children. New Egypt J Med.
2010;42(5):443-450.

Sarah H, Shoman SA, Mohamed AF. Isolation and molecular
genotyping of group A rotavirus strains circulating among
Egyptian infants and children. Egypt J Med Microbiol.
2012;21(3):11-20.

Saudy N, Elshabrawy WO, Megahed A, Foad MF, Mohamed

AF. Genotyping and clinicoepidemiological characterization

of rotavirus acute gastroenteritis in Egyptian children. Pol J
Microbiol. 2017 Jan 2;65(4):433-442.

Shoeib AR, Hull JJ, Jiang B. Rotavirus G and P types in children
with acute diarrhea in Cairo, Egypt, 2011-2012. J Egypt Public
Health Assoc. 2015 Sep;90(3):121-124.

Shaheen M, Abd EDSE, Hosseney EN, et al. Molecular
characterization of rotavirus strains causing gastroenteritis

in children under 5 years in Cairo, Egypt. MOJ Public Health.
2017;6(5):428-432.

Allayeh AK, El Baz RM, Mohamed Saeed N, El Sayed Osman M.
Detection and genotyping of viral gastroenteritis in hospitalized
children below five years old in Cairo, Egypt. Arch Pediatr Infect
Dis. 2018;6(3):e60288.

El-Senousy WM, Abu Senna ASM, Mohsen NA, Hasan SF,
Sidkey NM. Clinical and environmental surveillance of rotavirus
common genotypes showed high prevalence of common P
genotypes in Egypt. Food Environ Virol. 2020 Jun;12(2):99-117.
Magied M, Hussein M, Amer M, Sabah M, Maaty A, Ismaal A,
El-Dougdoug K. Investigation of rotavirus genotypes infection in
Egypt. Benha J Appl Sci. 2018;3(1):107-117.

El-Gayar MH, Saleh SE, Mohamed AF, Aboulwafa MM,
Hassouna NA, Allayeh AK. Isolation, propagation and
genotyping of human rotaviruses circulating among children
with gastroenteritis in two Egyptian university hospitals. Biology
(Basel). 2022 Sep 28;11(10):1413.

Fathy M, Amer R, Almalky M, El Gebaly S. Genotyping and
severity of rotavirus infection among infants and children with
acute diarrhea. Egypt J Hosp Med. 2021;82(2):205-211.

Clark HF, Hoshino Y, Bell LM, Groff J, Hess G, Bachman P, et al.
Rotavirus isolate WI61 representing a presumptive new human
serotype. J Clin Microbiol. 1987 Sep;25(9):1757-1762.

Than VT, Kang H, Lim I, Kim W. Molecular characterization of
serotype G9 rotaviruses circulating in South Korea between
2005 and 2010. J Med Virol. 2013 Jan;85(1):171-178.
Garaicoechea L, Bok K, Jones LR, Combessies G, Odeon A,
Fernandez F, et al. Molecular characterization of bovine rotavirus
circulating in beef and dairy herds in Argentina during a 10-year
period (1994-2003). Vet Microbiol. 2006;118(1-2):1-11.
Shalaby MA, Saber MS, El-Karamany RM. Rotavirus infections
associated with diarrhoea in calves in Egypt. Vet Res Commun.
1981 Dec;5(2):165-170.

Abouel yazeed EA, Yanni MI, Fahmy HA. Virological and
molecular studies for detection of bovine rotavirus in neonatal
calves in some farms in Egypt. Egypt J Virol. 2014;11
(1):100-108.

Khamees AKS. Detection of Rota and Corona viral antigens in
diarrheic newly born calves in Menofiya governorate. Benha Vet
Med J. 2015;29(1):9-16.

Kassem IK, Magouz AF, Desouky AY, Hagag MF. Isolation and
identification of rotavirus infection in diarrheic calves at El
Gharbia governorate. Glob Vet. 2017;18(3):178-182.

. Saad AA, Abdou NEMI. Molecular diagnosis and matching of

rapid and Elisa tests for antigen detection of Rota and Corona
viruses in neonatal calves. Anim Health Res Rev. 2017 Jun;5(2).

. El-Sadek FE, Shahein MA, Abdelwahab SA, El-Shahidy MS.

Investigation of Rota and Corona viruses as causative agents
for diarrhea in Egyptian calves. Suez Canal Vet Med J.
2019;24(2):257-272.


https://www.who.int/publications/i/item/surveillance-standards-for-vaccine-preventable-diseases-2nd-edition
https://www.who.int/publications/i/item/surveillance-standards-for-vaccine-preventable-diseases-2nd-edition
https://www.who.int/publications/i/item/surveillance-standards-for-vaccine-preventable-diseases-2nd-edition
https://www.cdc.gov/

The Epidemiology of Circulating Rotavirus Associated with Diarrhea in Egyptian Kids and Calves: A Review 13

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

Abouelyazeed EA, Hassanien RT, Afify AFM. Cross sectional
study for evaluation of rapid test and RT-PCR in detection of
BRV in fecal samples of diarrhetic calves in Egypt. Adv Anim Vet
Sci. 2021;9(3):387-392.

Abdel-Rady A, Zaitoun AMA, Youssef ZMA. Clinical study with
rapid serological detection of rotavirus infection in diarrheic
neonatal calves. Acta Sci Vet Sci. 2022;4(2):29-33.

Mohamed FF, Mansour SMG, El-Araby IE, Mor SK, Goyal SM.
Molecular detection of enteric viruses from diarrheic calves in
Egypt. Arch Virol. 2017 Jan;162(1):129-137.

Zaitoun AMA, Abdel-rady A, Youssef ZMA. Molecular typing

of rotaviruses in diarrheic neonatal calves. J Adv Vet Res. 2022
Oct;12(5):475-479.

Hemida MG. Detection and molecular characterization of group
D avian rotavirus in Kafrelsheikh and Gharbia governorates.
Alex J Vet Sci. 2013;39:145-154.

Hatab EA, Hussein HA, El-Sabagh IM, Saber MS. Isolation and
antigenic and molecular characterization of G10 of group A
rotavirus in camel. Int J Virol. 2009;5:18-27.

Barua SR, Md Rakib T, Rahman MM, Selleck S,

Masuduzzaman M, Siddiki AZ, et al. Disease burden and
associated factors of rotavirus infection in calves in southeastern
part of Bangladesh. Asian J Med Biol Res. 2019;5(2):

107-116.

Zaitoun AMA, Abdel-Hakim O, Youssef ZMA. Enteric Rota and
Corona viruses’ infection in neonatal calves. Assiut Vet Med J.
2018;64(156):8-17.

Villena C, EI-Senousy WM, Abad FX, Pinté RM, Bosch A. Group
A rotavirus in sewage samples from Barcelona and Cairo:
emergence of unusual genotypes. Appl Environ Microbiol. 2003
Jul;69(7):3919-3923.

Kamel AH, Ali MA, EI-Nady HG, Aho S, Pothier P, Belliot G.
Evidence of the co-circulation of enteric viruses in sewage and
in the population of Greater Cairo. J Appl Microbiol. 2010
May;108(5):1620-1629.

Abd El-Daim SE, Shaheen MNF, Hosseney EN, Elhosainy

AM, Nehal IA, Elmahdy ME, et al. Molecular detection and
genotyping of group A rotavirus by multiplex semi-nested
RT-PCR in sewage water and sludge. J Microbiol Biotechnol.
2019;4(1):000141.

El-Senousy WM, Abu Senna ASM, Mohsen NA, Hasan SF, Sidkey
NM. Monoplex nested and semi-nested reverse transcription
polymerase chain reaction for G and P genotyping of human
rotavirus group A in clinical specimens and environmental
samples. Int J Curr Res Rev. 2020 Aug;12(16):2-8.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

Rizk N, Al-Herrawy A, Gad M, Shaheen M, Elmahdy

E. Existence and removal of rotaviruses group A and
Cryptosporidium species in a wastewater treatment plant. Pol
J Environ Stud. 2019;28(6):4331-4339.

Gad MA, Allayeh AK, ElImahdy EM, Shaheen MNF, Rizk NM,
Al-Herrawy AZ, et al. Genotyping and interaction-reality of
Acanthamoeba, enteric adenovirus and rotavirus in drinking
water, Egypt. Egypt J Aquat Biol Fish. 2019;23(2):65-79.

Rizk NM, Allayeh AK. Genotyping of rotaviruses in river Nile in
Giza, Egypt. Iran J Public Health. 2020 Jan;49(1):173-180.
Abad FX, Pinté RM, Villena C, Gajardo R, Bosch A. Astrovirus
survival in drinking water. Appl Environ Microbiol. 1997
Aug;63(8):3119-3122.

Nadan S, Walter JE, Grabow WO, Mitchell DK, Taylor

MB. Molecular characterization of astroviruses by reverse
transcriptase PCR and sequence analysis: comparison of
clinical and environmental isolates from South Africa. Appl
Environ Microbiol. 2003 Feb;69(2):747-753.

Scallan E, Hoekstra RM, Angulo FJ, Tauxe RV, Widdowson MA,
Roy SL, et al. Foodborne illness acquired in the United States--
major pathogens. Emerg Infect Dis. 2011 Jan;17(1):7-15.
Zaher KS, Ahmed WM, Syame SM, El-Hewairy HM. Detection of
health hazard-food born viruses in animal products anticipated
for human consumption. Glob Vet. 2008;2(4):192-197.
Mohamed HA, Abdou AM, Adel EM, Salem SAH, EL-Hassanine
MIM. Detection of rota and corona viruses in raw milk and
milk products. Benha Vet Med J. 2013;24:79-85.

Ramig RF. Genetics of the rotaviruses. Ann Rev Microbiol.
2002;51:225-255.

Flores J, Sereno M, Lai CJ, Boeggeman E, Perez |, Purcell R,

et al. Use of single-stranded rotavirus RNA transcripts for the
diagnosis of rotavirus infection, the study of genetic diversity
among rotaviruses, and the molecular cloning of rotavirus
genes. In Double-stranded RNA Viruses. Edited by Compans
RW, Bishop DHL. Amsterdam, the Netherlands: Elsevier; 1983.
Abdallah F. Close relationship of group A rotaviruses between
bovine and human based on VP7 gene sequence in Egypt. Pak
Vet J. 2014;34(3):391-393.

Shoeib A, Velasquez Portocarrero DE, Wang Y, Jiang B. First
isolation and whole-genome characterization of a G9P[14]
rotavirus strain from a diarrheic child in Egypt. J Gen Virol.
2020 Sep;101(9):896-901.

Ghoneim NH, Abdel-Moein KA, Saeed H. The
zooanthroponotic cycle of human rotavirus in rural settings
and its public health burden. Biosci Res. 2019;16(1):110-117.

Ahmed Hamdy Ghonaim is an Assistant Lecturer from Desert Research Center, Cairo,
Egypt. He received a bachelor’s degree in Veterinary Medicine and an MS degree from Suez
Canal University, Egypt. He is now a PhD candidate at the Department of Preventive Veterinary
Medicine, Huazhong Agricultural University, China. His research is focused on rotavirus and
other zoonotic viruses. He has three lines of research: 1) epidemiological investigations of viruses,
2) whole genome sequence analysis, and 3) developing new diagnostic tools, therapeutic counter-
measures, and vaccines against these emerging infections.

Dr. Wentao Li is a Professor from Huazhong Agricultural University, China. His research is
focused on coronaviruses and African swine fever virus, with particularly interested in virus entry
into the host cell. He has three lines of research: 1) the identification of host receptor(s) for ASFV
and coronaviruses including the PEDV, PDCoV, and IBV; 2) proteolytic activation of coronavirus
spike fusion protein; and 3) exploring novel strategies to identify host receptors for viruses and
understand virus—receptor interactions at the structural level. To date, Dr. Li has authored over 70
publications in peer-reviewed journal, and his work has been cited more than 7000 times.



