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ABSTRACT
Background: Rotavirus is the most common cause of severe childhood diarrhoea.
It infects almost all children in the world by the age of five years. Currently, two vaccines

have been shown to beeffective in preventing rotavirus gastroenteritis and are now entering

childhood immunisation programmes.
Objectives: To describe the prevalence, severity, seasonality, age distribution, and circulating

strains of rotavirus in children below 5 years of age seeking hospital care with diarrhoea in

Libya.

Materials and methods: This wasa cross sectional study undertaken in Tripoli,

Libya between October 2007 and September 2008. Children < 5 years of age, with a clinical
diagnosis of acute diarrhoea (3 or more watery or lose stools /day) were recruited from the
outpatients (emergency unit) and inpatients (gastroenteritis units) at Al-Jala Children’s
Hospital. Clinical data and stool samples were collected. Severity of diarrhoea was

determined by a modified Vesikari score. Stool samples were transported to the Division of
Medical Microbiology, University of Liverpool. Rotavirus was detected by ELISA, and

rotavirus double-stranded (ds) RNA extracted by a commercial kit. The rotavirus dsRNA was

then examined by polyacrylamide gel electrophoresis to determine the RNA profile
(electropherotype) and by reverse transcription-polymerase chain reaction (RT-PCR) to
determine rotavirus G and P types. Representative G9 isolates were further studied by
nucleotide sequencing and phylogenetic analysis.

Results: A total of 1090 stool samples were collected, which included (830/1090, 76%) from

outpatients and (260/1090, 24%) from inpatients. The prevalence of rotavirus diarrhoea
among outpatient and inpatients combined was[(340/1090, 31.2%), 95% CI = 28.4-33.9]. The
detection rate of rotavirus among inpatients and outpatients was [(99/260, 38%), 95%

CI=32.2-44] vs. [(241/830, 29%), 95% CI =29.3-34.9] respectively, p = 0.007. The median
age of children with rotavirus diarrhoea was 10 months. The most frequently affected age

group waschildren aged 6-11 months (154/340, 45.3%) followed by those aged 12-17 months
(73/340, 21.5%) and only (45/340, 13.2%) of children <6 months of age had rotavirus
diarrhoea. The severity of diarrhoea amongrotavirus positive cases was higher than that of
non rotavirus diarrhoea (median score [IQR], 16 [14-18] vs. 13 [15-10] respectively,
p<0.001). Rotavirus diarrhoea was found to occur throughout the year, with significant
seasonal variation, Edwards’s test G’= 60.7; DF = 2; p<0.001). The occurrence of annual

peaks in the cooler months (Novemberto April) was confirmed by Hewitt's rank-sum test, (p
= 0.013). A total of (247/340, 72.6%) rotavirus samples were assigned an electropherotype;
of these 97.6% had long patterns and 2.4% had short pattern. For G and P types all 340
rotavirus specimens were successfully typed except one. The most prevalent G type was G9
(n = 213, 62.6%), and all of these strains were associated with P[8] specificity except one
strain which was P-non-typeable. The second most predominant G type was G1 (n = 105,
30.9%), which were associated with P[8] specificity. Other strains identified were G2P[4] (10,

2.9%), G4P[8] (n = 7, 2.1%), G3P[9] (n = 1, 0.3%) and three strains (0.9%) were mixed

infections of G1/G9 and P[8] specificity. There was no difference in the severity of diarrhoea
between G9 and non G9strains. Six representative G9 strains with distinct electropherotypes
were characterized by nucleotide sequencing of the VP7 gene followed by phylogenetic
analysis. All strains wereclassified into lineage III of human G9rotaviruses.
Conclusion: Rotavirus is responsible for a large number of severe diarrhoeal episodes among
infants and youngchildren in this region of Libya. The age distribution was similar to those in
many other developing countries with highest proportion in children aged 6-11 months.

Rotavirus diarrhoea was detected with significant seasonal variation and peaks during cooler
months of the year. There was seasonal variation in occurrence rotavirus diarrhoea by sex,
mode of care or severe disease. The G9 strain was the predominant genotypecirculating
during the study period. These findings will inform rotavirus vaccination programmes in
Libya.
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CHAPTER ONE
INTRODUCTION AND LITERATURE REVIEW

1.1.

Introduction
This chapter gives an overview ofdiarrhoeal disease and viral gastroenteritis,

and then focuses on the virology, classification, pathogenesis, epidemiology,
diagnosis, treatment and prevention of Group A rotavirusinfection.

1.1.1.

An overview of diarrhoeal disease in children
Despite advances in the treatment and prevention of diarrhoea, this disease

continues to be the second most important cause of death in children in low and
middle income countries (UNICEF/WHO 2009). The incidence of diarrhoeal
diseases in children under five years of age in such countries was estimated at a
median of 3.2 episodes per child per year (Kosek ef al, 2003).
Despite its importance, definitions of diarrhoea vary and include increases in
volume or fluidity of stools, changes in consistency and increase frequency of
defecation. Given that the measurementoffluid content ofstools is not practical, the
assessment of stool frequency is preferred for diagnostic purposes (Thapar &
Sanderson 2004). The World Health Organization (WHO) defines diarrhoea as the
passage of unusually loose or watery stools at least three times in a 24 hour period.
However, it is the change in stool consistency rather than frequency that is more
important. In addition, parental insight is useful in deciding whether young children
have diarrhoea (WHO 2005b). The most widely accepted definition in public health
is the passage of three or more loose or watery stools in 24 hours or any numberof
loose or watery bloody stools (Baqui ef al, 1991).

Generally diarrhoeal diseases are classified as acute, persistent and
dysenteric. Acute watery diarrhoea has an insidious onset, lasts several hours or days
and may cause moderate to severe dehydration and weight loss. Persistent diarrhoea
is defined as any watery or bloody episode lasting for more than two weeks; usually
arising from secondary infection in presence of complications. Dysenteric diarrhoea
is recognised by the presence of macroscopic blood in the stool. It has many
complications such as weight loss, damage to intestinal mucosa by invasive bacteria
and sepsis (WHO 200Sb).
A wide variety of aetiological pathogens can cause diarrhoea including,
parasites, bacteria and viruses. Parasitic agents such as Entamoeba histolytica,
Giardia lamblia and Cryptosporidium are responsible for a small proportion of
diarrhoeal illnesses, while viral and bacterial agents account for the majority of this
illness

among

children

(Podewils

et

al,

2004).

In

developing

countries,

enteropathogenic bacteria are responsible for most diarrhoeal illnesses including
diarrhoegenic Escherichia coli, which is considered the most important aetiological
agent, followed by Campylobacter, Aeromonas, Shigella and Salmonella species.
Vibrio cholerae, is more significant in endemic areas with frequent outbreaks
(Gastanaduy & Begue 1999). Viruses are increasingly identified as causative agents
of epidemic and sporadic diarrhoea in children. The most commonviral agents are
rotaviruses followed by enteric adenoviruses and noroviruses. In developing
countries, the prevalence of other small round viruses such as_astroviruses,
sapoviruses, and even pestiviruses is still unclear (Glass ef al, 2001). A summary of
the main aetiological agents is shown in Table1.1.

Table 11 Relative importance of enteropathogensin developing and
developed countries

Enteropathogen

Developing

Developed

Viruses

Rotaviruses

2-49

8-50

Enteric adenovirus

0-6

5-20

Norovirus

2-5

5-15

Other viruses

?

1-7

Enterotoxigenic E. coli

1-37

1-4

Campylobacter sp

2-32

1-7

Aeromonassp

1-42

<1

Shigella sp

1-27

1-3

Salmonella sp

1-24

2-4

Vibrio sp

0-31

Rare

Giardia lamblia

1-24

0-8

Cryptosporidium parvum

2-12

1-3

Entamoebahistolytica

0-9

Rare

Bacteria

Parasite

countries (“%)

countries (%)

Source: (Gastanaduy & Begue 1999)

The identification of pathogenic bacteria, viruses or parasites in a faecal
specimen from a child with gastroenteritis does not indicate in all cases thatit is the
cause of the episode and in the presence of one or more agents; it is hard to decide
which is causing the diarrhoea. In normal populations, one or more agents can be
detected. Howeverthe ability to cause symptoms would depend on manyfactors,
including immunity and the presence of a sufficient infecting dose (Gastanaduy &
Begue 1999). Detecting aetiological agents of diarrhoeais also difficult, as causative
agents may not be detected in as manyas half of the patients attending a hospital
despite good access to diagnostic facilities (Klein et al, 2006).
A large numberof diarrhoeal episodes in children in developing countries
are attributed to an unknown cause because molecular methods have limited use

and the only available conventional methods, such as stool culture, microscopy and
enzyme immunoassays have lowsensitivity (Ajjampur ef al, 2008). In developed
countries by the application of molecular methods the diagnostic gap in diarrhoeal
disease has been significantly decreased. For instance the Infectious Intestinal
Disease study (IID study) conducted in England during 1993-1996, failed to
identify an enteric pathogen or toxin in 49% of diarrhoeal cases (Tompkinsefal,
1999). Another study in 2007 applied molecular methods for detection of enteric
pathogen directly from stool samples archived during the previous IID study

showed that molecular methods have reduced the diagnostic gap within the IID
study from 47% to 25% (Amaref al, 2007).

1.1.2.

Global burden of diarrhoeal disease

Diarrhoeal diseases are the second leading cause of disability adjustedlife years lost
(DALY) (Murray & Lopez 1997). Globally, it is estimated that about 2.5 billion
episodes and 1.5 million deaths occur each year among children less than five years
of age. More than 80% of these deaths occur in Africa and South Asia
(UNICEF/WHO 2009). Furthermore, diarrhoeal diseases are considered the second
most commoncauseofdeath in children aged < 5 years after respiratory tract
infections as shownin Figure.1.1 (Bryce et al, 2005). However most diarrhoeal
illnesses in children are dueto viral infection and account for up to 70% ofall events

(Elliott 2007).
Amongviral gastroenteritis group A rotavirus is considered the most common cause
of diarrheal diseases in children less than five years of age. It is estimated to cause
about 40% ofall hospital admissions due to diarrhoea (UNICEF/WHO2009),
leading to ~ 111 million diarrhoeal episodes annually which cause (median 440, 000

child deaths) worldwide (Parasharet al, 2003). A recent review estimated the

burden of rotavirus disease in the WHO Europeanregion has shown that rotavirus
causes ~ 6550 deaths and 146287 hospital admission annually among children aged
<5 years (Williamset al, 2009). Another study has adapted a model based on the
approach developed by the Center for Disease Control and prevention (CDC)to

assess the global burden ofrotavirus disease estimated that more than 220.000
hospitalizations and 1.7 million outpatient visits were due to rotavirus disease
annually in developed countries including Europe, the United States, Japan and
Australia (Parasharet al, 2003).

10%

# Neonatal
= HIV/AIDS
O Diarrhoea

= Measles
Malaria
m™ Pneumonia
O Injuries
17%

Figure 11

O Others

Causes of death among children under5 yearsof age
Adapted from: (Bryceet al, 2005)

1.1.3

Viral gastroenteritis
Viruses identified as causally associated with gastroenteritis belong to four

distinct families, namely rotaviruses, astroviruses, caliciviruses, and adenoviruses.

Other viruses less frequently associated with diarrhoeal episodes include toroviruses,
picobirnaviruses, picornaviruses (the Aichi virus) and enteroviruses 22, although
their role as causative agents of gastroenteritis is still to be confirmed (Glass er al,
2001).
Generally, acute viral gastroenteritis has two epidemiologic patterns. These
include diarrhoea that presents as an epidemic disease, affecting people of any age,
and endemic diarrhoea that affects mostly children. Endemic diarrhoea is mostly due

to infection with group A rotavirus, astrovirus and enteric adenoviruses, which affect
almost all children throughout the world within the first years of life. Epidemic viral
diarrhoea is sporadically caused by noro- and sapo viruses (Desselberger & Gray

2003) (Table 1.2).

Table 12 Epidemiological patterns of viruses causing acute gastroenteritis
Source: (Glasset al, 2001).
Endemic childhood disease

Epidemic disease

Viruses

Rotavirus (group A)
Astrovirus
Enteric adenoviruses
Rotaviruses (Group C)?
Humancaliciviruses

Humancaliciviruses
Rotaviruses (Group B)
Astrovirus

Modeof transmission

Person to person
Droplets and aerosols
Fomites

Food
water
Droplets and aerosols

Reservoir

Humans

Humans
Animals?

Antibody
Immunity

High prevalence by 5 years of
age
Good*

Seroconversion in
epidemic
Short term (caliciviruses)

Virus variation

Limited persite, variable

Many genomicvariants

betweensites

Control measures

Vaccine ( Group A rotavirus)

Outbreak control;

improved safety of food

supply and handling, water
surveillance
*several studies have demonstratedthat natural rotavirus infection give protection against
subsequentinfection (Bernstein et al, 1991, Velazquez et al, 1996). The degree ofprotection
was greater against more severe illness with complete protection against moderate to severe
diarrhoea resulting after two infections. First infection provided 87% protection against
moderate to severe disease, while the second infection provided 100% protection against
moderate to severe disease (Velazquez et al, 1996). Therefore, natural rotavirus infection ts
less protective against mild illness and least against asymptomatic infection. Consequently
mild rotavirus re-infection is common in children (Offit 1998, Fischer et al, 2002b) and
adults (Anderson & Weber2004).

Caliciviruses
Humancaliciviruses are membersof the family Caliciviridae which consists
of small (27-40 nm) non-enveloped viruses with single stranded positive sense RNA
genome. Until recently, based on genomic analyses, four genera have been described
within the Caliciviridae family including noroviruses, sapoviruses, lagoviruses,
vesiviruses and other numbers of unassigned caliciviruses (Green eft al, 2000). Two
genera of caliciviruses are found in humans, the noroviruses and sapoviruses which
cause acute diarrhoea (Glasset al, 2000).
The first virus identified within this family as a cause of diarrhoeal diseases
in humans wasthe norovirus, which was known previously as Norwalk virus because
it was first visualised by immunoelectron microscopy in a faecal samples obtained
from an outbreak in Norwalk, Ohio (Kapikian ef al, 1972). To date, noroviruses are
classified into 5 genogroups and at least 29 genotypes (Zheng ef al, 2006); of the
genogroups, genogroup I, II and IV are considered the most important cause of
gastroenteritis in humans (Greenef al, 2000).

Enteric adenoviruses
Human adenoviruses belong to the Adenoviridae family and are DNA viruses
without an envelope and are 70 nm in diameter (Brownef al, 1996). To date, 51
adenovirus serotypes have been identified and classified into six subgenera (A-F)
(Shimizu et al, 2007). Adenovirus type 40 and 41 which belong to subgroup F are
recognised as important causative agents of diarrhoeal diseases after rotavirus. They
have been estimated to account for 1-20% of diarrhoeal cases throughout the world
(Li et al, 2004, Shimizuet al, 2007).

Astroviruses
Astroviruses belong to the family Astroviridae which is divided into two
genera Mamaasterovirus, which includes human and animalastroviruses. The second
genera is Avestrovirus and includes avian astroviruses (Walter & Mitchell 2003).
Humanastroviruses were first detected in 1975 during the examination of faeces of
infants with gastroenteritis (Suzanne ef al, 2001). Astrovirus is a non-enveloped
positive strand RNA virus and named becauseit displays a distinctive surface star
during its visualisation under electron microscopy(Glass et al, 2001). With improved
diagnostic methods, astroviruses are now recognised as an important cause of
sporadic outbreaks of diarrhoeal disease worldwide. To date there are eight serotypes
of astroviruses recognised to circulate globally (Guix ef al, 2005).

1.2

Rotaviruses:

The virology, pathogenesis, epidemiology, diagnosis, treatment and prevention of
rotavirus infection will now be reviewed.

1.2.1

History and background
Rotavirus was known as a mouse diarrhoeal pathogen in the 1950s and as a

simian and bovine pathogenin the 1960s (Greenberg & Shaw 1999).
Thefirst detection of rotavirus in humans was reported in Melbourne, Australia by
Bishop in 1973, who noticed rotavirus like-virions within the endoplasmic reticulum
of duodenal epithelial cells of children with diarrhoea, and was originally named
duovirus (Bishop et al, 1973). A year later the same observation was confirmed by
Flewett et al, who noticed the samevirusparticles in the faeces of children admitted
to hospital in Birmingham, England (Flewett et a/, 1974). Subsequently, rotaviruses
have been recognised in many other mammalian and avian species.

Rotaviruses are classified as a genus within the family Reoviridae (Urbano &
Urbano 1994). Reoviridae is the largest family of double stranded RNA (dsRNA)
families.
Coltivirus,

It includes 12 distinct genera namely: Orthroreoviruses, Orbiviruses,
Aquareviruses,

Cypovirus,

Phytoreovirus,

Fijivirus,

Oryzavirus,

Mycoreovirus Idnoreovirus, Seadornavirus, and Rotavirus (Miyazaki et al, 2008).
Rotaviruses share common characteristics with other members of the Reoviridae
family, such as a multilayered capsid structure, a virion associated RNA-dependent
RNApolymerase, a double-stranded segmented genomeand a cytoplasmiclife cycle
(Ramig 1997).
To date, seven distinct groups (A to G) of rotaviruses have been recognised.
Among these groups, Group A, B, and C have been detected in both humans and
animals while group D, E, F and G have been found only in animals. Group A
viruses are the major cause of rotavirus diarrhoea in children worldwide (Estes &
Kapikian 2007).

1.2.2.

Morphology andbasic structure
Rotaviruses are triple-layered, non-enveloped, icosahedral particles, with

characteristic appearance of a wheel when viewed by electron microscopy
(Figure1.2). The complete viral particles measure about 70-80 nm in diameter
and have a well defined smooth outer rim with short spikes, and because of this
appearance the name rota-virus (the Latin meaning of rota is wheel) was derived
(Hart & Cunliffe 2003).
The complete infectious viruses have triple layered particles and are called
virions, whereas the incomplete virus particles are double layered as they do not have
the outer shell and are described as rough particles due to the projection of trimetric
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subunits of the inner capsid ontheir periphery (Estes & Kapikian 2007). The virion is
composedof three layers or capsids; the outer layer is made of VP7 and VP4, the
intermediate layer (inner capsid) is composed of VP6 andthe innerlayer consists
of VP1,VP2 and VP3 (Prasad 2001).

The characteristic structural feature of the triple layered particles is the
presence of 132 large channels which link the outer surface with the inner core, and
also there are sixty protein spikes extending from the smooth surface which are
composed of VP4. The VP4 spikes have two distal globular head domains, a central
body and an internal domain whichis inserted inside the VP7 layer. These domains
are formed by the VP4 trypsin cleavage fragments VP8* and VP5* (Estes &
Kapikian 2007).

Figure 12 Negatively stained electron micrograph ofrotavirus particles ina
faecal sample; Source: (Hart & Cunliffe 2003)
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1.2.3

Genomic andantigenic structure

The viral genome consists of 11 segments of double-stranded RNA enclosed within
the virus core. The segments range in size from 667 base pairs (segment 11) to 3,302
base pairs (segment 1), with the total genome containing about 18,522 base pairs
(Estes & Cohen 1989). Each segment encodes for one protein except segment 11
which codes for two proteins. Out of a total of 12 proteins, 6 are structural proteins
foundin the viral particle (VP) and 6 are non-structural proteins (NSP) only found in
infected cells (Hart & Cunliffe 2003). A schematic diagram of the rotavirus genome
segments and the mature virus particle is shown in Figure 1.3.
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Figure 13 Schematic diagramsof rotavirus genome segments, coding
assignments, viral protein location and the rotavirus virion.
Source : (Nakagomi & Nakagomi 2009)
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Rotavirusesare the only agents of mammals orbirds that contain 11 segments
of dsRNA. The genome of Group A rotaviruses is composed of four large segments
(1 to 4), two middle sized segments (5 and 6), three smaller segments (7, 8, and 9)
and two smallest segments (10 and 11). The complete nucleotide sequences for each
of the 11 RNA segments were determined for several rotavirus strains, while the
prototype simian SA11 strain was the first completely sequenced genome (Estes &
Kapikian 2007).
Many features are commonto different rotavirus strains such as genome
segments with conserved consensus sequenceat their 5°’ and 3’end. Therefore, each
positive RNA segment starts with a 5’ guanidine followed by a set of conserved
sequences that are part of the 5’ non-coding sequences, a subset of conserved
terminal 3’ non-coding sequencesends with a 3 terminal cytidine, the rotavirus gene
sequences are A+U rich (58%- 67%). Each gene has at least one long open reading
frame (ORF)after the first initiation codon (most genes have a single ORF and use
the first initiation codon), the non-coding sequencesare short and conserved between
the gene of different strains and the ds RNA segments are base-paired end to end
(Estes & Kapikian 2007).

1.2.4

Rotavirus structural proteins VP6, VP7 and VP4
The naming ofthe structural proteins is based on their molecular weights,

with VP1, the largest at 125 kDa, and VP8*, one of the two proteolytic fragments of
VP4, the smallest at 28 kDa.
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1.2.4.1

VP6
VP6is a trimeric protein located on the middle layer which surrounded the

rotavirus RNAcore and interacts with the inner-layer protein VP2 and with the two
outer-layer proteins VP7 and VP4. It makes up about 50% ofthe virion mass (Prasad
& Estes 2000).
VP6 maybe involved in two main functions, namely rotaviruscell entry and
endogenoustranscription (Pesavento et al, 2006). Further, many studies found that
VP6 has an importance transcriptase activity and is responsible for the synthesis of
the 11 viral mRNAs(Bican et al, 1982, Kohli et a/, 1993). Monoclonal antibodies
against VP6 inhibit the transcription process (Ginn ef al, 1992, Kohli ef al, 1994); for
instance, an animal model showed that anti-VP6 IgA mAbs protect non-immune
mice from infection (Burns et al, 1996). However, the exact role of such VP6
antibodies in preventing or resolving humaninfectionis still unknown.

1.2.4.2

VP7
VP7 is the second most abundant capsid protein after VP6. It forms the

smooth outer surface of mature virons, and accounts about 30% of the protein in the
virion mass (Hart & Cunliffe 2003). It is encoded by gene segment 7, 8 or 9
depending onthestrain, for instance genome segment 9 of SAI1, genome segment 8
of the UK bovine virus, and genome segment 7 of rhesus rotavirus. The VP7 outer
layer glycoprotein is highly immunogenic and induces the production of neutralizing
antibodies and determines the virus G serotype (Estes & Cohen 1989).
Several methods have been used to serotype rotavirus, such as plaque
reduction fluorescent foci in culture; immune electron microscopy and ELISA with
serotype specific MAbs. Molecular techniques (genotyping) including the use of
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nucleic acid probes and more recently the use of reverse transcription polymerase
chain reaction (RT-PCR) have also been employed. Until now, among rotavirus
strains from both human and animalorigin, at least 23 different G types have been
recognised globally (Khamrin ef al, 2009, Ursu et al, 2009).
The molecular epidemiology of VP7 is of great importance for both
monitoring the success of candidate rotavirus vaccines and to provide information for
developmentof further vaccines (Diwakarla & Palombo 1999).

1.2.4.3

VP4
VP4 is present in the outer capsid as a series of sixty spikes formed from

dimers; the bilobed structure at the distal end of the spike may be involved in both
viral attachment and penetration to the host cell (Prasad et al, 1990). In humans

rotavirus strains this protein is 775 aa in length while in animalrotaviruses it is 776
aa (Gorziglia et al, 1988). It has a molecular weight (MW) of 88,000 and accounts
for only 1.5 % ofthe virion protein (Liu ef al, 1988).
VP4 has several functions: first, it is the viral haemagglutinin, mediated by
the VP8* fragment (Kalica et al, 1983). Secondly,VP4 is associated with restriction
of the growth of certain rotavirus strains in tissue culture cells (Greenberg ef al,
1983a). Thirdly, in the presence of trypsin, VP4 is cleaved to give VP5S* and VP8*
fragments which increasesviral infectivity (Clark ef al, 1981, Lopez et al, 1985) and
allows virions to penetrate intestinal epithelial cells (Kaljot et al, 1988). Fourthly,
VP4 has an important role in viral neutralization, in addition to VP7 and segregates
independently from it, where it induces protective neutralizing antibodies, thus
classifying rotaviruses P (VP4) serotypes (Hoshino ef al, 1985). Currently, 31
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different P types among rotavirus strains from both human and animal have been
detected globally (Khamrin ef al, 2009, Ursu ef al, 2009).

1.2.5

Rotavirus non-structural protein NSP4
Six non-structural proteins (NSP1-NSP6) are presentin the virus infected cell

but not in the mature virus and all of them have a role in viral replication and
assembly. However, many studies have focused on NSP4 dueto its essential role in
viral assembly (Estes ef al, 2001). In addition it is considered the first described viral
enterotoxin, since NSP4 is capable of inducing diarrhoea in mice (Ball ef al, 1996,
Sasaki et al, 2001). The role of NSP4 in human rotavirus diarrhoea needs further
clarification.
Out of the 12 viral proteins, only NSP4 in addition to VP7, are synthesised on
the ribosome associated with rough endoplasmicreticulum (Estes et al, 2001).
NSP4is encoded by segment 10 and the nucleotide sequence of this protein shows
that it contains a single long open reading frame encoding a protein of 175 aa in
length (Bergmannef al, 1989, Kirkwood & Palombo 1997).
Sequence analyses of the NSP4 gene indicated the presence of 6 distinct
genetic groups among human and animal rotaviruses, termed A to F genotypes
(Cunliffe et al, 1997, Ciarlet et al, 2000, Khamrin ef a/, 2008). Groups A, B and C,
(or KUN, Wa and AU-1, like respectively) have been detected in humans, while

genotypes D and E, (or EW and avian-like respectively), have been detected in
animals (Steyeref al, 2007, Khamrinef al, 2008).
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1.2.6

Rotavirusclassification
There are several classification systems for rotaviruses based either on

analysis of the RNA genomeoron antigenic properties of proteins VP4, VP6 or VP7
(Maunula & von Bonsdorff 1998).
Historically, classification of rotavirus based on the pattern of migration ofits
genome segments (RNA profile) was the first traditional classification system
performedin epidemiological studies (Lourencoef al, 1981). On the other hand VP6
was the first rotavirus protein used for rotavirus classification. In 1985 the first
classification system was proposed, to categorize rotaviruses into several groups and
serotypes (Graham & Estes 1985). Four years later, a binary classification system
was established. This system is developed from immunological reactivities of the
two outer capsid proteins, VP4 and VP7 (Hoshinoef al, 1985, Estes & Cohen 1989).
Furthermore group A rotavirus is classified based on the molecular properties of the
two outer layer proteins, VP7 and VP4 into G and P genotypes (Gouveaefal, 1990,
Gentsch ef al, 1992). Recently full genomeclassification has been proposed whichis
based on nucleotide sequences of 11 gene segments (Matthijnssensef al, 2008).
Classification

of

rotavirus

into

Groups,

Subgroup

(SG),

Serotypes,

Electropherotypes (E-types), Genogroups and full genome basedclassification, will
be reviewed below.

1.2.6.1

Groups
Rotaviruses are classified serologically into groups on the basis of epitopes

on the inner capsid protein (VP6) located between amino acid residues 48 and 75.
Seven distinct groups (A to G) of rotavirus have been demonstrated (Pedley ef al,
1983, Pedley et al, 1986, Kapikian et al, 2001). Each group shares cross reacting

17

antigens detectable by serologic tests such as immunofluorescence, ELISA, and
immunoelectron microscopy. Group A, B, and C rotaviruses have been detected in
both humans and animals while group D, E, F and G rotaviruses have been found

only in animals (Hart & Cunliffe 2003). However group A rotavirus is the major
cause of acute gastroenteritis in children worldwide.
GroupB rotavirus wasfirst identified in China in 1982-83 (Hungef al, 1983),
and named as adult diarrhoea rotavirus (ADRV). This rotavirus group has caused

large outbreaks of severe diarrhoea affecting thousands of people of all ages in China
(Hunget al, 1984), sporadic cases in India in 1997 (Krishnanef al, 1999) and severe
diarrhoea among children and adults in Bangladesh in 2000 (Sanekata ef al, 2003).
Since then group B rotavirus has been reported sporadically in this region (Barman et
al, 2006, Rahmanef al, 2007a).
Group C rotavirus wasfirst recognised in young pigs (Saif ef al, 1980), while
in humansit wasfirst isolated from an Australian infant hospitalized with diarrhoea
in 1982 (Rodgeret al, 1982). Thereafter, group C rotavirus has been recognised as a
cause of gastroenteritis causing either sporadic cases or outbreaks of diarrhoea in
children and adults from several parts of the world, including, Asia (Kuzuya ef al,
1998), South Africa (Steele & James 1999), South America (Castello ef al, 2000,
Gabbayef al, 2008) and Europe (Sanchez-Fauquieret al, 2003, Mitui et al, 2009).

1.2.6.2

Subgroups (SG)
On the basis of rotavirus reactivity to VP6-specific monoclonal antibodies

(subgroup MAb), group A rotaviruses are classified into four subgroups SGI, SGII
(Greenberg ef al, 1983a, Greenberg et al, 1983b), SGI and SGII (Hoshino ef al,
1987) and SG-nonI-non II, which do not react with SG I- andI]-specific monoclonal
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antibodies (Svenssonef al, 1988). This classification is dependent on the presence or
absence of two non-neutralizing epitopes located on the inner capsid protein (VP6)
called I and II subgroup antigens (Estes & Cohen 1989). Most humanisolates fall
either in SG I or SG II (Iturriza Gomaraet al, 2002), whereas animalisolates belong
into SG I (Tang ef al, 1997). The classification of virus strains by epitopes on VP6
provides valuable epidemiological information for monitoring virus transmission,
and detecting natural reassortants (Estes & Cohen 1989). However, recent studies
have demonstrated that antigenic changes may occur on VP6 leading to poor
reactivity in serological subgrouping assays. Therefore the new classification
depends on molecular subgrouping methods which haveclassified group A rotavirus
into SG I and SG II or genogroup I and genogroup II (Iturriza Gomara ef al, 2002,
Lin et al, 2008).

1.2.6.3.

Electropherotypes
Infected individuals frequently shed large amounts of rotavirus about 10 '"

virus particles/ml of faeces at the peak of diarrhoea (Desselberger 1999). Therefore,
in a small amount ofstool, there is usually enough viral genomic RNAforanalysis.
Polyacrylamide gel electrophoresis (PAGE) of rotavirus dsRNA segments has been
used since 1980 to distinguish between different rotavirus strains depending on the
mobility of the 11 RNA segments, and especially the rate of migration of the
eleventh genomic segment (the lowest MW segment). Accordingly, rotavirus has
been classified into three E-types ; most rotavirus strains possess either a long or
short pattern and somerarestrains called super short patterns (Cunliffe et a/, 2002a).
In the short E-types, segment 11 is larger than usual and migrates more
slowly than usual to locate between the segments 9 and 10. In the super-short pattern
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the eleventh segment migrates more slowly than the short pattern. Finally, in the long
E-types the lower molecular weight 10 and 11 segments migrate faster to produce
this pattern (Hart & Cunliffe 2003). The long pattern is globally predominant.

1.2.6.4

Serotypes and genotypes
Rotaviruses are classified into serotypes based on the antigenic diversity of

the two outer capsid proteins VP7 and VP4 that independently induce type-specific
neutralizing antibodies (Hoshinoet al, 1985, Offit et al, 1986, Gorziglia et al, 1990).
The VP7 serotype is designated as G (because VP7 is a glycoprotein) serotype,
whereas the VP4 serotype is designated as P (because VP4 is protease-sensitive)
serotype and this forms the basis of a binary classification (G and P types) of
rotaviruses (Gorziglia et al, 1990, Taniguchi ef al, 1990).
Initially, classification of rotaviruses into VP4 or VP7 serotypes was
performed using serological typing methods (Coulson ef al, 1987, Coulson 1993).
Howeverthis classification schemehas beenreplaced by classifying rotaviruses into
VP4 or VP7 genotypes using molecular methods (Gouveaef al, 1990, Gentschef al,
1992). Although VP7 serotypes could be determined easily by cross-neutralization
assays, the serotyping of VP4 was more difficult. Therefore, two numeric systems
were developed to classify the VP4 protein in rotavirus strains. The first scheme is
based on nucleic hybridization and sequence analyses (genotypes), and_ this
designation is provided within brackets, whereas the otheris based on neutralization
(serotypes) using antisera against baculovirus-expressed VP4 proteins (Gorziglia ef
al, 1990).
The G serotypes and G genotypes are identical, therefore, only a single
numberis used such as (G1) (Estes 2001). On the other hand, the numbersassigned
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for P serotypes and P genotypes are different. The P serotype (when known) is
denoted by an Arabic number (sometimes followed by a capital letter) (WHO 1984)
and the P genotype is denoted directly after the P serotype number by an Arabic
numberwithin squared brackets, for instance P1 A[8] (Estes 2001).
So far, among rotavirus strains from both human and animalorigin, at least
23 different G types and 31 P types have been identified globally (Khamrin ef ai,
2009, Ursu et al, 2009) with various G and P combinations of which at least 12 G
and 12 P types infect humans(Desselbergeret al, 2009, Solberg ef al, 2009).

1.2.6.5

Genogroups
RNA-RNAhybridization assays have classified group A rotaviruses into

three families, which have been named genogroupsbased on overall genomic RNA
homology. For humanstrains, three genogroups have been recognised; these include
two main genogroups

(Wa and DS-1) and one rare genogroup represented by

reference strain AU-1 whichis the prototype of a group of humanviruses with a high
level of homologyto feline rotaviruses (Nakagomief al, 1989).
Therefore, according to the E-types, SG and G serotype most of group A
rotaviruses belong to one of two genogroups, Genogroup 1 (Wa- like) include SG II,
G1, G3 or G4 and P [6] or P [8] specificities with long E-type, while genogroup II
(DS-1-like) include SG I, G2 and P [4] specificities and have short E-types (Gentsch
et al, 1996, Hart & Cunliffe 2003).
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1.2.6.6

Full genome basedclassification
There is a huge genomic and antigenic diversity among human and animal

rotaviruses which led to a recent proposal to classify rotaviruses based on nucleotide
sequences of 11 gene segments, defining genotypes for each genome segment. The
nomenclature Gx-P[x]-Ix-Rx-Cx-Mx-Ax-Nx-Tx-Ex-Hx represents the genotypes of
VP7-VP4-VP6-VP1-VP2-VP3-NSP1-NSP2-NSP3-NSP4-NSP5-encoding

gene

segments, respectively, with x indicating the numbers of the matching genotypes
(Matthijnssensef al, 2008). The importanceofthis classification system is to assist in
the identification of reassortment, trace interspecies transmission and in the
understanding rotavirus epidemiology and evolution (Matthijnssenser al, 2008).

1.2.7. Replication
The triple-layer capsid of rotavirus is very stable, which facilitates faecal—oral
transmission and entry of virus into the small intestine, where it infects enterocytes
nearthe tips of the intestinal villus. The spikes which project from the surface ofthe
outer viral capsid act asaninitial viral attachmentprotein to bind host receptors. The
virus outer capsid shell is removed and double-layered particles are carried into the
cell cytoplasm. The penetration process is mediated by endocytosis, followed by
trypsin- activated (which cleaves VP4 intoVP5* and VP8*), penetration and entry to
the host cell (Patton & Gallegos 1990). Inside the host cell cytoplasm, rotavirus
produces mRNA which has important functions in protein biosynthesis and gene
replication. Most of the rotavirus proteins accumulate in viroplasm, where the RNA
is replicated andthe duplelayer particles (DLPs) are assembled. Viroplasm is formed
aroundthe cell nucleus within 60 minutes after virus infection, and consists of viral

factories thought to be made by twoviral non-structural proteins, NSP5 and NSP2.

22

Inhibition of NSP5 by RNAinterference results in a sharp decrease in rotavirus
replication. The DLPs migrate to the endoplasmic reticulum where they obtaintheir
third, outer layer (formed by VP7 and VP4). The progeny viruses are released from
the cell by lysis (Jayaramef al, 2004).

1.2.8

Pathogenesis
Pathogenesis studies in children are restricted due to difficulty in obtaining

biopsies. Since rotavirus infects almost all mammalians and some avian species,
most of the understanding of rotavirus pathogenesis comes from studies in animal
models (Estes et al, 2001).
Generally, the binding and entry ofrotavirus is a complex process which need
both VP4 and VP7 and rotavirus causes disease by several mechanismsincluding
production of enterotoxins, stimulation of enteric nervous system andalterations of
paracellular permeability (Ciarlet & Estes 2001).
Rotavirus outermost layer proteins VP4 (the virus attachment protein) and
VP7 play an importantrole in the process of its attachment and entry to the host cell
(Ludert et al, 1996, Mendezer al, 1999). Following viral attachment, VP4 is divided

into VP5* and VP8* fragments which have an important role in cell penetration and
intensifying the viral infectivity (Kaljot et al, 1988, Arias ef al, 1996). The outcome
of rotavirus infection is dependent on viral and host factors (Estes ef al, 2001).
Rotavirus diarrhoea may occur without intestinal tissue damage and, conversely,the
histological changes to small intestine can occur without clinical symptoms (Ramig
2004, Lorrot & Vasseur 2007).
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Mechanismsof rotavirus diarrhoea
Rotavirus infection produces two types of diarrhoea, malabsorptive and
secretory, which are related to various mechanisms (Estes & Kapikian 2007).
The first type of diarrhoea (osmotic diarrhoea) is due to intestinal malabsorption
which occurs as a result of intestinal enterocytes damage and reduction of both
mucosal disaccharidase and absorption of Na and water, leading to accumulation of
undigested mono and disaccharides, carbohydrates, fats and proteins into the
intestinal lumen. As a result, the prevention of water reabsorption leads to osmotic
diarrhoea (Grahamef al, 1984, Ramig 2007).
The second type of diarrhoea is secretory, which occurs due to the effect of
calcium disregulation at the secretory crypt cells (Ramig 2004). In addition, NSP4
and the enteric nervous systemplay an importantrole in rotavirus secretory diarrhoea
(Ramig 2004, Estes & Kapikian 2007). NSP4is the first recognised viral enterotoxin
(Ball et al, 1996). It induces age dependent diarrhoea in animal models and
stimulates chloride secretion across intact intestinal mucosa and in absence of
histological changes (Ball ef al, 1996, Morris ef al, 1999). Further, NSP4 may
stimulate the increase of calcium in crypt cells, activate chloride secretion and cause
water outflow (Ramig 2004).
The enteric nervous system is rich in the submucosa under the villus
epithelium and receives stimulus from the rotavirus destructed villi, and that could
stimulate crypt cells to secrete water and electrolytes (Lundgren ef al, 2000, Ramig
2004). Other mechanism of stimulation of enteric nervous system could be through
the indirect effect of NSP4 onintracellular calcium leading to the release of amines
and peptides from villous endocrine cells (Lundgren & Svensson 2001). Furthermore
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elevation of prostaglandin- E-2 in the infected gut plays a role in the stimulation of
secretory diarrhoea (Zijlstra et al, 1999).

Systemic rotavirus infection
It was thought that rotavirus infection waslimited to the intestinal epithelium.
However, manystudies have recently reported the presence of rotavirus antigen and
RNAin the sera of infected patients (Blutt ef al, 2003, Fischer et al, 200Sa).
Furthermore; most children infected with rotavirus develop viraemia that may cause
asymptomatic extra-intestinal infections which can progress to symptomatic disease
(Blutt ef al, 2007).
Although, there is no evidence that rotavirus multiplies in extra intestinal
sites, there are several factors supporting the extra-intestinal spread of rotavirus, such
as the detection of viraemia in rotavirus infected children, reporting of repeated
systemic manifestations associated with rotavirus infection including pneumonia,
exanthema, and neurological complications such as convulsions, encephalitis and
cerebellitis (Blutt & Conner 2007).
The presence of rotavirus antigen or RNA was detected in spleen, heart,
kidney and secretions from respiratory system of rotavirus infected individuals, but
there is no information regarding rotavirus replication within these tissues (Blutt &
Conner 2007). However the clinical importance of extra-intestinal spread and the
ability of vaccination to prevent systemic sequel is not completely understood
(Ramig 2007).

1.2.9

Evolution of Rotavirus
Four major evolutionary mechanisms play an important role in rotavirus

genetic diversity. These mechanismsinclude point mutations, genomic reassortment,
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intermolecular recombination (rearrangement) and cross-species transmission of
animal rotavirus (Iturriza-Gomaraef al, 2001, Hart & Cunliffe 2003).
1.2.9.1

Point mutation (antigenic drift)
Since the replication of rotavirus genome occur through viral encoded RNA-

dependent RNA polymerase (Palombo 2002), mutations dueto the error prone nature
of this enzyme is considered as a main factor of genetic diversity in rotavirus. The
mutation rate was found to be around 5 x 10°

mutations per nucleotide per

replication round (Blackhall ef a/, 1996). Some of these mutations are conserved and
transferred to progeny viruses in which they can accumulate in particular position
(only being found once or twice in isolates), or could be fixed accumulation over
time (Iturriza-Gomara et al, 2000b,Iturriza-Gomara et al, 2004, Martinez-Laso ef al,

2009b). The importance of these mutations can be used to differentiate genetic
lineages and sub-lineages within individual types (Maunula & von Bonsdorff 1998,
Iturriza-Gomaraef al, 2000a).
Point mutations may accumulate at a high rate and cause the emergence of
antibody escape-mutants, and when these mutations occur at genotype-specific
regions of the VP7 or VP4 genesthey can lead to the loss of complementarity with
typing primers, andresult in either a failure to genotype or mistyping ofthese strains
(Adahet al, 1997, Iturriza-Gomaraet al, 2000b,Iturriza-Gomaraet al, 2004).

Although within a specific rotavirus genotype the deduced aminoacid (aa) sequences
are 91-100% similar, there is a greater difference between different genotypes. Most
of this difference is represented in nine variable regions of VP7, and of these nine
variable regions (VR), VR5 (aa87-101), VR7 (aal42-152) and VR8 (aa208-221) are
considered the major neutralization epitopes and the regions where escape mutants
with point mutations can occur easily (Hart & Cunliffe 2004).
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1.2.9.2

Gene reassortment(antigenic shift)
The segmented nature of the rotavirus genome facilitates production of

genetic diversity during multiple infections through the genetic reassortment process
(Ramig 1997). This process involves the neutralisation proteins VP7 and VP4 of
common strains leading to the formation of new strains with unusual G/P
combinations that contribute to diversity of rotavirus strains (Iturriza-Gomaraef al,
2001). This mechanism of evolution happens when twodifferent rotaviruses of the
same group infect the one cell at the same time, leading to progeny viruses contain
novel assortments of gene segments or atypical phenotypes. Theoretically, the 11
genome segments of the parental virus strains can reassort randomly into 2"!
different possible genomeconstellations (Ramachandranef al, 2000).

1.2.9.3

Intermolecular recombination (rearrangement)
Rotavirus genomic rearrangementis another evolutionary mechanism causing

genomic diversity of rotavirus. In rearrangement, a major change in the size of the
RNA segmentor deletion within a single RNA segment occur (Desselberger 1996,
Patton et al, 2007). The most commonly recognised type of rearrangement is a headto-tail sequence duplication, which has been defined for RNA segments encoding for
NSP1-NSP5 and VP6(Patton ef al, 2007). Gene rearrangement in humanrotavirus
isolates usually involve segment 11 and infrequently involve segments6, 8, 9 and 10
(Gault et al, 2001).
Rotaviruses with rearranged genomes were first recovered from chronically
infected children with severe combined immunodeficiency (Pedley ef al, 1984) and
later isolated from asymptomatically infected immunocompetent children (Besselaar

et al, 1986), from animals (Thouless ef al, 1986, Bellinzoni ef al, 1987) and more
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recently has been detected in immunocompetent children with acute rotavirus
infection (Schnepfef al, 2008).
To date, the genetic analysis of rearranged rotavirus genomes have been done
only for certain rotavirus isolates, and the exact mechanism of rearrangementisstill
unclear (Alamef al, 2008).

1.2.9.4

Interspecies transmission
Interspecies transmission is the fourth potential evolutionary mechanismthat

may contribute to the diversity of circulating rotavirus strains. It was thought that
rotavirus is restricted to the host which it infects, but recently many studies have
reported increasing number of novel rotavirus strains in humans suggesting that
interspecies transmission significantly contribute to the overall rotavirus diversity
(Gentsch eft al, 1993, Nakagomief al, 1994, Nakagomi & Nakagomi 2000, Palombo
2002, Matthijnssens ef al, 2009). Interspecies rotavirus transmission could occur
either as whole viruses by direct transmission (Das ef al, 1993, Matthijnssensef al,
2006a, Tsugawa & Hoshino 2008) or by one or several animal genesinserting into a
human genomebyreassortment (Gentschet al, 1993, Ghoshef al, 2007).
Interestingly, there are wide varieties of G and P types of rotavirus strains that are
detected infrequently in humans and are commonly found in animals, such as G types
(G3, G5, G6, G8, G10 and G12) and P types, (P[6], P[9], P[11]. P[14]. P[19] and P
[25]), which are believed to have originated from animal rotaviruses and were
introduced into the human populations (Desselberger ef al, 2001, Rahmanef ai,
2005b, Rahmanet al, 2006, Matthijnssensef al, 2009).

Although RNA-RNAhybridization is a useful tool to investigate possible
reassortment events between human and animal strains (Nakagomi & Nakagomi
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2002), currently whole genome sequence and phylogenetic analyses have significant
role in the identification of genome reassortment and interspecies transmission
(Matthijnssensef al, 2008).

1.2.10

Epidemiology of rotavirus
Rotavirus epidemiology presents important differences between developing

and developed countries among which include, age at first infection, burden of
disease, seasonality and the diversity of circulating rotavirusstrains, will be reviewed
now.

1.2.10.1

Burden of rotavirus gastroenteritis

Globally, rotavirus is the most important causative pathogen of acute
diarrhoea among children. It infects almost all children by age of 5 years and causes
around 111 million episodes of gastroenteritis, 25 million clinician office visits and 2
million hospitalizations, throughout the world annually (Parashar ef al, 2003).
According to WHOestimations in 2004, rotavirus related mortality estimated that
around 527,000 child deaths occur annually throughout the world, 48% of these
occurring in Africa and 37% in Asia (WHO 2006a).
Rotavirus infections occur regardless of socioeconomic status or geographical
location. However the outcomeofthe disease is significantly different between low
and high incomecountries. In high income countries, mortality related to rotavirus
infection is very low while morbidity is highly significant, with a great burden on
health resources. For instance, in European countries, it was estimated that among

children below the age of 5 years around 3.6 million episodes of rotavirus diarrhoea
led to 87,000 hospitalizations, around 700,000 outpatient visits and 231 deaths

29

annually. These figures are similar to developing countries, except for rotavirus
related mortality figures which are significantly higher in developing countries
(Soriano-Gabarro et al, 2006). Most deaths in developing countries occur because of
malnutrition and pooraccess to proper health services (Clark & Offit 2004). Fischer
et al ( 2004), reported that rotavirus related mortality among children less than 5
years old in developing countries is highly significant (1 death in 285 children),
while in the US nearly 1 death occurs per 100,000 rotavirus-infected children
(Fischer et al, 2004). On the other hand several studies have estimated the huge
economic burden of rotavirus diarrhoea in both developed and developing countries
for instance in the US, a recent study reported that the annual medical care cost of
rotavirus diarrhoea is approximately >1 billion dollars (Tucker et al, 1998), while in
Europe, the direct medical cost of rotavirus hospitalisations alone is about 106
million euro (Parashar & Glass 2008) and data from Japan suggested that the direct
medical cost of rotavirus admission was 96 million US dollar (Nakagomi ef al,
2005). In Middle East, Oman spends an estimated 2.6 million US dollar annually to
treat rotavirus-associated diarrhoea in the outpatient and hospital settings (Al Awaidy
et al, 2009).

1.2.10.2

Age and socioeconomic distribution

Rotavirus infections can occur repeatedly in humansfrom birth to old age.
In both developed and developing countries, almost all children are infected with
rotavirus during the first few yearsoflife. First infections after 3 months of age
are more likely to be symptomatic and the incidence of diarrhoea declines by 2 to 3
years of age (Bresee ef al, 1999). However, infections may occur in neonates, which
are more likely to be nosocomial, as the disease is rarely identified in those born at
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home or at discrete health centres (Lundgren & Svensson 2001). Most infected
neonates have asymptomatic or mild disease, as they are protected by transplacental
antibodies from previously infected mothers (Bishop ef al, 1983).
In developing countries children between 6 to 14 months of age are highly
predisposed to rotavirus infection and susceptibility decreases between 21 to 23
months of age (Velazquez ef a/, 2000). In contrast, in developed countries rotavirus
infection occurs in children at later ages. Some studies have reported a low
prevalence of rotavirus infection during the first 6 months of life, with a peak of
infection during the second year oflife, and most children having the first infection
by 36 months of age (Bresee ef al, 1999, Nakagomief al, 2005). This difference in
age distribution between developing and developed countries may beattributed to the
difference in seasonality of rotavirus infections (Bresee ef al, 1999).
Although, rotavirus infection is mainly disease of infants and small children,
it is frequently associated with diarrhoea in adults, especially family members of
affected children, the elderly (Grimwood et al, 1983, Estes & Kapikian 2007) and
immune-compromised adults, such as those recipients for solid organ transplants
(Stelzmueller et al, 2007). A study showed evidence ofrotavirus infection in 55% of
adult contacts with children who were admitted to hospital with rotavirus, compared
with 17% of adult contacts whose children were not infected (Kim ef al, 1977).

1.2.10.3 Seasonality

Many studies have reported that rotavirus infection occurs throughout the
world and has a regular seasonal pattern in manysettings, especially in developed
countries with a temperate climate, where rotavirus gastroenteritis occurs more
frequently during the cooler months of the year (Beards et al, 1989, Bresee eral,
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1999). On the other hand; seasonal peaksare less distinct in tropical regions, where

rotavirus infections seem to occur year-round (Cook ef al, 1990, Cunliffe er al,
1998). Furthermore, a recent meta-analysis study found that monthly occurrence of
rotavirus infection is conversely correlated with temperature, rainfall, and humidity
(Levy et al, 2009).
Interestingly, recent data from the Centre for Disease Control and Prevention,
Atlanta, GA (CDC)reported that the seasonality of rotavirus could be changed by the
introduction of rotavirus vaccines. Rotavirus activity in the 2007-2008 seasonin the
USA began in February, three months later than that observed during 15 previous
seasons from 1991-2006, following rotavirus vaccine introduction in February 2006,

(CDC 2008).

1.2.10.4

Transmission

Rotavirus has some characteristic features which facilitate its transmission
and make the control of outbreaks difficult: It is highly contagious and infection can
occur with as low as 10 viral particles (Ward et al, 1986, Matson 1999), although
rotaviruses are excreted at very high concentrations of about 10'' virus particles in
one gram of faeces at the peak of diarrhoea (Flewett 1983). In addition rotaviruses
are able to survive for many days on environmental surfaces (Keswickef al, 1983,
Sattar et al, 1986, Butz et al, 1993), and for 2.5 monthsin faeces at room temperature
and 32 months at 10 °C (Fischer et al, 2002a). All these features have an important
role in the spread of infection.
Furthermore, the early shedding of rotavirus before the appearanceofclinical
symptoms, which can continue after the disease has resolved (Pickering etal, 1988).
In addition, subclinical infections occur commonly. Prolonged viral shedding is also
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well recognized in certain hosts, for example many months in immuno-compromised
patients (Dennehy 2000). A recent case report has revealed the presence of rotavirus
vaccine in stool specimen of infant with severe combined immunodeficiency (SCID)
at 362 daysafter the last dose of vaccine administration (Patel et a/, 2010), which are
considered other importantfactors facilitate spread of rotavirus infections.
Althoughrotaviruses do not spread primarily through contaminated water or
food, transmission by these vehicles can occur. Contaminated drinking water can
lead to rotavirus outbreaks mainly in developing countries (Hopkins ef al, 1984,
Divizia et al, 2004).
The role of the airborne route for transmission was demonstrated in
experimental animals andis responsible for outbreaks of epizootic diarrhoeain infant
mice and other animals (Kraft 1957, Prince et al, 1986). In humans transmission of
rotavirus by respiratory droplets or person to person contact has been suggested
because of the rapid spread of outbreaks in large communities (Foster ef al, 1980).
Furthermore, rotavirus is found to survive in air, which could facilitate viral
transmission, especially in hospital wards and day care centres (Sattar ef al, 1984).
Rotavirus borne by aerosol droplets into the respiratory tract where

may not

replicate, but can be transferred by mucocilliary activity into the gastrointestinal tract
(Cooket al, 2004).

1.2.10.5

Nosocomial rotavirus infection (NRV)

Gastrointestinal infections are recognised as the most common nosocomial
infection in children and viral agents have been responsible for up to 90% ofall
causes of paediatric nosocomial gastroenteritis in Europe (Gleizes ef al, 2006).
Several studies have reported that rotaviruses are the most frequent cause of
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nosocomial diarrhoea in children hospitalised for non diarrhoeal disease (Raadef al,
1990, Lee et al, 2008, Gutierrez-Gimeno ef al, 2010). In developed countries

nosocomial rotavirus infection (NRV) accounted for 27% of rotavirus hospital
discharges, which was similar to developing countries where a third of rotavirus
infections were nosocomially acquired (Fischeret al, 2004).
Many studies have found that NRV is more common in units that
infrequently admitted patients with community-acquired rotavirus such as intensive
care and chronic care units than in those that commonly admitted such patients (Lee
et al, 2008, Smith ef a/, 2008). This difference mayberelated to the breaking roles of
infection control practise in these settings, because ICU usually need urgentlifesaving support, and medical staff may not find enough time to take protective
measure such as hand hygiene and other personal protective measures (Smith efal,
2008). The main vectors of transmission of rotaviruses are contaminated health
workers, as rotavirus was found on the hands of 76% -78% of health care workers

taking care of children with community acquired rotavirus infection, compared to
20% of those whoare not taking care of infected children (Samadief a/, 1983, Ansari
et al, 1988). Furthermore a recent study described a decline in the rotavirus
nosocomial infections by nearly one third after introduction of hospital hand hygiene
campaign (Zerr ef al, 2005).

1.2.10.6

Molecular epidemiology of rotavirus

Before the 1990s monoclonal antibody-enzyme immunoassay (MAb-EIA)
was the most important technique to investigate rotavirus G serotypes. Therefore
studies from that period described that only four G types were responsible for most
rotavirus gastroenteritis globally and no P types were distinguished, therefore many
rotaviruses remained untypedor partially typed (Gentsch ef al, 1996).
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The recent use of molecular assays have made the G and P types more
feasible to recognise and the diversity of rotavirus strains has become moreclearer
(Iturriza Gomara ef al, 2000). In many regions of the world the rotavirus G and P
types in circulation is extremely changeable. These changes occur rapidly over time
in the same region and hugedifferences are observed between different geographical
locations at the same period of time (Desselbergeref al, 2001).
Theoretically up to 110 different G and P combinations could emerge from
mixed infections with distinct RV strains. However, the diversity and distribution of
VP7 and VP4 genotypes have been investigated widely in molecular epidemiological
studies which have led to the identification of at least 43 distinct P and G type
combinations among group A humanrotaviruses which account for more than one
third of theoretically possible combinations (Gentsch ef al, 2005, Desselbergeref al,
2009). Among rotavirus strains from both human and animal origin, at least 23
different G types and 31 P types have been reported globally (Khamrinef al, 2009,
Ursu et al, 2009), of which at least 12 G and 12 P types infect humans (Desselberger
et al, 2009, Solberg et al, 2009).

The global predominantcirculating rotavirus strains
Although at least twelve VP7 (G) types were recognised among human
rotaviruses, so far, epidemiological studies have indicated that five G types (G1, 2, 3,

4, and 9) are the most prevalent worldwide. In North America and Europe G1—G4
strains accounted for more than 97.5% of all rotavirus infections, whereas in

Australia, South America and Africa the relative frequency of G1—G4strains was 90
%, 89% and 83 % respectively (Santos & Hoshino 2005). G9 rotavirusstrains have
been isolated sporadically since their first discovery in 1983 in USA, until 1993

(Clark et al, 1987, Ramachandranef al, 1996). Since then they have been recognised
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as the fifth globally important rotavirus strains, represented at least 4.1% of global
collection (Santos & Hoshino 2005). Surprisingly these strains has dramatically
increased to become the second most predominant genotypes accounted forat least
21.5% of all global isolates between 2004 and 2008 (Widdowson 2008).
Globally, five G /P type combinations (G1[P8], G2[P4], G3[P8], G4 P8] and
G9 [P8]) are the predominant circulating rotavirus types (Gentsch ef al, 2005, Santos
& Hoshino 2005) Until 2004, the most predominant genotypes were GIP[8]
followed by G2P[4] and G4P[8] represented 64.7%, 12% and 8.5% respectively
while G9 in combination with P[8] and [6] represented only 4.1% of global
collection (Santos & Hoshino 2005), (Figure 1.4). Interestingly, between 2004 and
2008, G9P[8] strains were recognised as the second most predominant type after
G1P[8] strains (Widdowson 2008), (Figure 1.5).
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Theglobal prevalence of unusualof rotavirus strains
Since rotavirus strains have limited diversity in many regions of the world,
reassortment between commonand rare human or animalstrains can occur in some
locations, which may lead to emergence of novel strains in human populations
(Iturriza-Gomara et al, 2000c).
Unusual rotavirus strains have been detected all over the world and
represented 4.9% and 7.5 % of all isolates during 1989-2004 and 2004 -2008
respectively (Santos & Hoshino 2005, Widdowson 2008). Interestingly, the
frequency of unusualrotavirus isolates is high in developing countries, where poor
living in overcrowded conditions and closer contact with domestic animals are
common(Iturriza-Gomaraef al, 2001).
A systematic review on the distribution of rotavirus unusual strains among
different continents found that Africa has the highest percentage (27%), followed by
Asia (14%) and South America (11%), while the proportion of unusual strains was
very low in North America, Europe and Australia (5%, 1.4% and 0.1%, respectively)
(Santos & Hoshino 2005). These isolates either represent naturally occurring
reassortants among various humanrotavirus genotypes such as G1P[4], G2P[8], G3
P[4], G4 P[9], G4 P[4], G9 P[4], G9 P[10] and G12 P[6] (Santos & Hoshino 2005),
or representing reassortants between human and animal strains or a direct
transmission from animal to human such as G4P[1] (Coluchi er al, 2002), GSP[6] or
P[8] in Brazil (Gouvea et al, 1990, Mascarenhasef al, 2002), G8 P[1], P[4], P[6] or
P[8] in Nigeria (Adah et al, 2001) and G9 P[11] in India (Das et al, 1994) or P[19] in
Thailand (Okadaef al, 2000).
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However, reassortants showing unusual G/P combination continue to emerge
in different setting (Iturriza-Gomara et al, 2001). Surprisingly, some unusual
rotavirus strains have also been detected in the developed world, such as G6 P[9] in
Italy, G6 P[6] in Belgium or P[14] in Australia (Gerna er al, 1992, Cooney et al,
2001, Rahmanef al, 2003) and G3 with P[6] or P[9] and G8 P[8] in the UK which
may have emerged by importation from developing regions or may have been
established into the human population either by zoonotic transmission or
reassortment between animal and humanrotaviruses(Iturriza-Gomaraef al, 2000c).

1.2.11

Clinical features
The incubation period of rotavirus disease ranges from 24 to 72 hours.

Symptomsgenerally subside within 7 days, but almost 20% of severe illness lasts
more than one week (Maldonado & Yolken 1990). Rotavirus infection produces a
wide range of outcomes from asymptomatic illness to mild to severe gastroenteritis.
It was observed that nearly 50% of cases presented with vomiting as first symptom
followed by profuse watery diarrhoea, usually accompanied by fever (Maldonado &
Yolken 1990). Vomiting was described in many studies as the most commonclinical
feature of rotavirus disease, and it is usually an early symptom andrarely present in
the absence of diarrhoea (Rodriguez et al, 1977, Bowdre 1980). The main cause of
death due to rotavirus diarrhoea is dehydration which usually associated with
metabolic acidosis, electrolyte disturbance, seizures and aspiration pneumonia;
however death is more frequent among those who concomitantly have malnutrition,

immunodeficiency or measles (Hart et al, 2003).
Neonatal rotavirus infections are thought to be asymptomatic (Murphyefal,
1977, Sukumaran e¢ al, 1992), and protection from severe rotavirus infection was
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noticed among infants who had been infected as neonates (Bishop ef al, 1983).
Several factors may be related to asymptomatic infection seen in neonates such as
physiologic immaturity of the neonatal gut, role of secretory anti-rotavirus IgA and
trypsin inhibitors in breast milk and virulence characteristics of the distinctive
(nursery) neonatal strains (Haffejee 1991). On the other hand, few studies have
reported rotavirus infection associated with diarrhoea and weight loss in neonates
(Cameron ef al, 1978, Rochi ef al, 1981). Moreover, it was reported that neonatal
rotavirus infection clinically may not present as watery diarrhoea, but it may present
with bloody mucoid faeces, and abdominal distension (Sharmaef al, 2002).
In immune-compromised children, rotavirus may produce persistent lifethreatening diarrhoeal illnesses (Saulsbury ef al, 1980, Oishi ef al, 1991). A study of
children with bone marrow transplantation demonstrated that rotavirus can be a
major cause of prolonged diarrhoeal illness and morbidity in the post transplant
period (Liakopoulouef al, 2005). Similar consequences were observed in othersolid
organ recipients (Stelzmueller et a/, 2007). Moreover rotavirus can cause intermittent
diarrhoea in immunodeficient children with virus shedding for up to two years
(Losonskyet al, 1985).
Rotavirus infection in adults is uncommon and usually mild (Anderson &
Weber 2004). Howeverit could be more frequent amongthose in close contact with
infected children (Grimwoodef al, 1983, Hrdy 1987) and elderly patients (Wandless
et al, 1981). On the other hand, severe rotavirus infections were reported among
immuno-compromised adults such as recipients of renal transplants (Peigue-Lafeuille
et al, 1991) and bone marrow transplant (Yolken ef al, 1982, Liakopoulou ef ai,

2005). In addition, a study reported that an elderly patient with impaired natural
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killer-cell activity and impaired cellular and specific local immune response had.
rotavirus shedding for at least 35 days (Moriet al, 2002).
Most studies among HIV infected children were unable to find significant
differences in the clinical severity of rotavirus diarrhoea between children with and
without HIV infection (Liste et al, 2000, Cunliffe et a/, 2001b). On the other hand,
conflicting results have been reported on rotavirus infection among HIV infected
adults. Some studies reported that in HIV-infected patients, rotavirus could be a
significant causative agent of diarrhoea (Cunningham ef al, 1988, Muraet al, 1996).
Other studies, either found no correlation between rotavirus diarrhoea and HIV

infected patient or failed to detect rotavirus antigen in stools of HIV infected
individuals (Smith ef al, 1988).

1.2.12

Diagnosis
Diagnosis of rotavirus infection is difficult based on clinical manifestations

alone. Therefore, laboratory diagnosis is essential, and the specimen of choicefor the
diagnosis of this pathogen is faeces, but rectal swabsor solid diapers can be used in
the absence of faecal samples (Iturriza Gomaraef al, 2000).
Since the standard treatment for rotavirus diarrhoea is rehydration and supportive
care, specific laboratory investigations are not necessary in most cases. However,it
may be importantto identify rotavirus as causative pathogen in some cases suchas,
in of prolonged diarrhoea, in immune-compromised patients, when alternative
diagnoses are considered, or when epidemiologic data or infection control measures
are required. Moreover, diagnosing rotavirus gastroenteritis may also prevent
unnecessary use ofantibiotics (Offit & Clark 2005).

41

Although humanrotavirus can be grown in tissue cultures; this procedure is
limited to the research laboratories. Therefore, various techniques have been
developed to detect rotavirus in stool, including, electron microscopy (EM), enzymelinked immunosorbent assays (ELISA), passive particle agglutination tests (PPAT),
polyacrylamide gel electrophoresis (PAGE), and reverse transcription-polymerase
chain reaction (RT-PCR)(Iturriza Gomara et al, 2000). Each of these techniques will
be described below.

1.2.12.1

Cultivation

Rotavirus can be cultivated in cell culture by its propagation on MA104 cells
or primary green monkey kidney cells grown in roller tubes with the addition of
trypsin to the cell culture medium (Sato ef al, 1981, Ward et al, 1984). However a
human rotavirus strain is more difficult to culture routinely than the majority of
animalrotavirus strains (Esparzaet al, 1980).

1.2.12.2

Direct visualisation by Electron Microscopy

Although electron microscopy is the original diagnostic technique for
detection of rotavirus, it remains the standard to which rotavirus diagnostic tests are
compared (Bishopet al, 1974). Moreover,it is able to detect non group rotaviruses
and other viral pathogens (Brandtet al, 1981). However,it is less sensitive compared
with (MAb-EIA), expensive to buy and maintain and needs highly trained personnel
(Dennehyef al, 1990, Iturriza Gomaraet al, 2000).
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1.2.12.3

Detection of rotavirus antigens

Latex Agglutination test (LA)
LA test is simple, rapid and suitable for use in areas with limited resources,
although a confirmatory method such as EIA is required to evaluate uncertain results
because ofthe limited sensitivity of this test (Raboniet al, 2002).

Enzyme-linked Immunoabsorbent Assay (ELISA and EIA)
In the 1980s, Enzyme immunoassays (EIAs) replaced EM as the standard
method for detection of rotaviruses in stools (Brandt ef al, 1981). In this assay
rotavirus detected by using broadly reactive monoclonal antibodies (MAbs) against
epitopes of VP6 (Cukoref al, 1984). ELISA is a very sensitive, and specific; it is
moresensitive than EM (Beardsef al, 1984).
1.2.12.4

Demonstration of the rotavirus genome

Polyacrylamide Gel Electrophoresis
This procedureis based onthedirect extraction and detectionof viral dsRNA.
It is simple, rapid, cheap, and provides some differentiation betweenvirus strains
E-types (Herring ef al, 1982). In additionit is important for epidemiological studies
to monitor virus outbreaks and transmission (Estes & Kapikian 2007).
Reverse Transcription Polymerase Chain Reaction (RT-PCR)
RT-PCR is the main diagnostic technique used in epidemiologic studies,
which allows determination of P and G types and makesidentification of rotavirus
strain diversity more clearer (Gouveaef al, 1990). Although this technique is very
sensitive, it is also prone to inhibition by contaminants in faecal specimens, therefore
it requires careful sample preparation.

43

1.2.13

Treatment

Since rotavirus gastroenteritis is generally a self-limited infection, patient
death that results from severe dehydration and electrolyte imbalance is caused mainly
by a delay in fluid and electrolyte replacement. Oral rehydration solutions (ORSs)
are effective in treating dehydration related to rotavirus gastroenteritis, even in the
presence of moderate vomiting and are preferred over intravenous rehydration in
cases of mild or moderate dehydration (Nalin et al, 1979, Kinget al, 2003).
The standard WHOoral rehydration solution formula is composed of sodium,
90 mmol/L, chloride 80 mmol/L, potassium 20 mmol/L, citrate 10 mmol/L, and
glucose 111mmol/l, the total osmolality of this formula is 311 mOsm/L. The high
sodium content of this formula is based on the high amount sodium excretedin stool
due to cholera infection which may cause hypernatremia for certain groups of
patients and because of low stool sodium concentration in diarrhoeal diseases other
than cholera, such as that resulting from rotavirus gastroenteritis (Leung ef al, 2005).
Therefore, recently, the WHO changed its recommendations and introduced a
modified formulation of reduced osmolarity ORS (245 mOsm/L ) contains, Glucose
75 mmol/L, Sodium 75 mEq/L, Potassium 20 mEq/L, Chloride 65 mEq/L, Citrate 10

mmol/L (WHO2005b).
Several studies have proved the superiority of reduced-osmolarity ORS over
standard ORSin the managementofdiarrhoeal diseases regardless of the cause ofthe
diarrhoea (El-Mougi ef al, 1996, Hahn ef al, 2002, Duggan ef al, 2004). Although
oral replacement with appropriate glucose electrolyte solutions is preferable,
however, if oral rehydration dose not correct the fluid and electrolytes disturbances
or in some circumstancessuch as shock, severe dehydration, and decreased level of
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consciousness intravenous fluid replacement must be given immediately (Estes &
Kapikian 2007).
Onthe other hand,it is recommended that breast feeding should be continued
on demandandchildren should return to their normal diet as soon as they return to
their normal appetite and avoiding foods high in simple sugars because the osmotic
load might worsen diarrhoea. Although, certain guidelines recommended avoiding
fatty diets, however maintaining adequate calories without fat is difficult, and fat
might have a beneficial effect of reducing intestinal motility (King ef al, 2003).
Oral administration of human serum immunoglobulin to children with
chronic rotavirus diarrhoea has reduced the duration and severity of symptoms, the
duration of viral shedding, and the length of hospital stay (Guarino ef al, 1991).
Interestingly the same effect was observed when immunoglobulins extracted from
immunized bovine colostrum containing high titres of antibodies against rotavirus
serotypes were used (Sarkeref al, 1998). Although passive immunisation with orally
administered antibodies was effective, this effect was noticeable only during the
treatment period, with no evidence for any long term protection, therefore passive
immunisation could be useful for certain groups of patients, for instance, premature
neonates born in hospital (Mrukowiczef a/, 2008).
Interestingly, many studies have found that the non-pathogenic microorganisms (probiotics) to be safe and efficacious in reducing the clinical severity of
acute rotavirus diarrhoea particularly Lactobacillus casei GG (Szajewskaet al, 2001,
Guandalini 2008).
Recently several studies have demonstrated that zinc supplementation can
significantly decrease the duration, severity, and recurrence of diarrhoea in
immunocompetent and in severely malnourished or immune-compromised children
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in the developing world, where mild-to-moderate zinc deficiency is more common
(Bhatnagar et al, 2004, Lukacik et al, 2008). Based onthis scientific evidence zinc
supplementation has been recommended by WHO and United Nations Children's
Fund (UNICEF) for the treatment of all diarrhoeal episodes among children
(WHO/UNICEF. 2004).

1.2.14

Immunity to rotavirus

Studies of natural rotavirus infection
Several studies have reported that children develop immunity against
subsequentrotavirus disease after natural rotavirus infection (Bernstein ef al, 1991).
For example, among a cohort of children followed from birth up to 2 years of age in

Mexico, primary infection with rotavirus provided 77% protection against rotavirus
diarrhoea of any severity and 87% protection against moderate to severe disease
(Velazquez et al, 1996). Moreover, the first longitudinal study among neonates
demonstrated that, natural rotavirus infection does not protect against rotavirus reinfection but leads to protection against clinically moderate to severe disease during
re-infection (Bishop ef al, 1983).
However, it was found that year after primary rotavirus infection children
usually develop symptomatic infection with the samerotavirus serotype andit is rare
for children to be clinically infected with the same rotavirus serotype twice in the
same season (Offit 1996). Although after a primary rotavirus infection some
protection develops against infecting strains of the same serotype (homotypic
immunity) and of a different serotype (heterotypic immunity), less protection was
apparent against heterotypic strains (Matson ef al, 1992). Therefore, the antibody
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titre involved in the heterotypic response is several fold lower than the homotypic
response (Matsonef al, 1992).
Generally, rotavirus immunity is a complex process, produced by the
combined action of humoral and cell-mediated immunity (Franco ef al, 2006). IgA
and IgG antibodies specific for structural proteins VP7, VP4 and VP6 and the
rotavirus enterotoxin NSP4 are also involved in protective rotavirus immunity (Gray

et al, 2008). Since VP4 and VP7 independently induce neutralising antibodies, each
outer capsid protein plays a role in resistance to disease (Hoshino ef al, 1985, Ward
et al, 1988). Some studies found that the VP7 is more efficient than VP4 in induction
of neutralizing antibodies by vaccination (Ward ef al, 1990). However the reverse
was found in another study conducted among adult patients (Ward er al, 1988). To
date , it is still unclear which surface protein and which region ofthat protein is most
efficient for the induction of protective immunity (Francoef al, 2006).
Local mucosal immunity involving IgA seems to have an importantrole for
protection against subsequent infection (Coulson et al, 1992, Matson er al, 1993,
Francoet al, 2006). Rotavirus specific IgA concentrations in serum and stool peaked
at14-30 days after infection andpersisted for at least 1 year but at gradual decrease in
concentration. Therefore, rotavirus specific IgA is considered a good marker of
rotavirus immunity than other antibody measurements (Bernstein ef al, 1989).
However the total serum anti rotavirus IgA level, measured shortly after
infection reflects intestinal IgA levels and seemsto be the best marker of protection
against rotavirus infection and moderate to severe diarrhoea (Velazquez et al, 2000,
Franco ef al, 2006). Moreover, other studies measured the level of rotavirus-specific
secretory IgA in faeces, they found that children with high level of IgA areless likely
to be infected than those with lowerlevel of virus specific IgA (Coulson ef al, 1992).
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However, complete protection against rotavirus disease following natural infectionis
short lived as production of rotavirus specific IgA at the intestinal mucosal surfaceis
usually short lived (Estes et al, 2001).
On the other hand, animal models demonstrated that the protection against
rotavirus disease caused by re-infection is mediated by virus specific antibodies and
it is not related to rotavirus specific T lymphocytes (Franco & Greenberg 1995).
Other studies reported that protection against rotavirus disease in neonatal mice was
provided by adoptive transfer of CD8 T cells from spleens of previously infected
mice with either homologous (same species) or heterologous (different species)
strains (Dharakul et al, 1990, Offit & Dudzik 1990). Although, cell-mediated
immunity appears to be involved in protection against rotavirus infections in neonatal
mice, its importance in humansisstill unclear (Offit & Dudzik 1989, Ward 2003,
Kaufhold et al, 2005).

1.2.15

Prevention and control

1.2.15.1

Prevention of transmission

It is difficult to control rotavirus transmission, especially during community
outbreaks (Raad ef al, 1990). This is due to many reasons, such as the presence of
asymptomaticcarriers of rotavirus, indirect spread of infection through contaminated
health care workers or by fomites (Samadi eft a/, 1983, Ansari et al, 1988), and the
ability of rotavirus to survive on environmental surfaces (Sattar et al, 1986).
However, environmental spread of rotavirus can be reduced with the use of certain
disinfectants, such as hypochlorite or sodium dichloroisocyanurate (Rao 1995). A
70% ethanolsolution is also an effective disinfectant for inactivation of rotavirus and
can help to prevent its spread (Mengef al, 1987).
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1.2.15.2

Rotavirus vaccines

The need for a rotavirus vaccine is based on the potential to decrease
morbidity and mortality in children in developing countries and to reduce the
economic burden of the disease in developed countries (Bresee et al, 2005). Since
improvements in sanitation and hygiene will not reduce the incidence of rotavirus
infection, rotavirus vaccines were identified as the best strategy for prevention. Since
the 1980s the development of rotavirus vaccines has been considered to be among
the highest priorities of the World Health Organisation (WHO) and the Global
Alliance for Vaccination and Immunisation (GAVI) (WHO 2000).

History of rotavirus vaccines
Several studies have found that naturally acquired rotavirus infections give
protection against severe rotavirus disease during re-infection (Bernstein ef al, 1991,
Velazquez et al, 1996). In addition, neonatal infection with rotavirus was associated
with a decreased probability of developing severe rotavirus diarrhoea in later
childhood (Bishop ef al, 1983, Bhan ef al, 1993). These notions supported the
development of candidate oral live attenuated rotavirus vaccines in order to provide
protection with similar mechanism provided by natural rotavirus infection. Therefore
administering multiple doses of an attenuated rotavirus strain may be able to
stimulate immunity and induce protection (Cunliffe et al, 2002b).
The most commonly used vaccine strains include animal, human, and human-

animalreassortant strains (Bresee et al, 2005). Several approaches have been used to
attenuate rotaviruses to be used as oral vaccines. These include, firstly passage of
human rotavirus in tissue culture (Bernstein et al, 1999). Secondly, using strains
recovered from asymptomatic infected human neonates (Barnes et al, 2002), and
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finally, the most evaluated approach which based on the concept of Edward Jenner
(Kapikian 1994).
The first rotavirus vaccines which used animal rotavirus strains for
immunisation of infants are two bovine rotavirus strains [RIT 4237 (P6[1]G6) and
WC3 (P7[5]G6 strain)], and rhesus rotavirus vaccine (RRV) P[3]G3. These strains
are considered naturally attenuated in humansand give heterotypic protection against
humanstrains (Midthun & Kapikian 1996). Although, these candidate vaccines were
safe and immunogenic, they had only limited achievement because serotype-specific
immunity was not induced consistently (Kapikian et al, 1996). Consequently, the
classical Jennerian approach has been modified in the next generation of vaccines
which required the combination of both human/animalrotavirus reassortants based
on the ability of rotaviruses to reassort during mixed infections in vitro which
allowed the production of reassortant vaccines, named the modified Jennerian
approach (Kapikian ef al, 1996). Based on this approach, two rotavirus vaccines have
been developed namely human-rhesus tetravalent reassortant rotavirus vaccine
(Rotashield) and Pentavalent human bovinereassortant vaccine (RotaTeq).
The second approach was used to attenuate rotavirus to be used as an oral
vaccine was based on passage of human rotavirus GIP1A P[8] specificity in tissue
culture, thereby developing the monovalent vaccine (Rotarix) (RIX 4414) (Bernstein
et al, 1998, Vesikari et al, 2004a). These vaccines will be discussed in more detail
below.
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Human-rhesustetravalent reassortant rotavirus vaccine (Rotashield)
This vaccine wasthe first live oral reassortant vaccine to be developed. It
contained a mixture of four rotavirus strains representing G1-G4 serotypes; three
rhesus-humanreassortant strains containing the VP7 genes of humanserotypes G1,

G2, and G4strains were substituted for the VP7 gene of the parent RRV and the
fourth strain included serotype G3 of rhesus rotavirus (Midthun ef al, 1985).
Rotashield was widely evaluated in field trials in the United States, Finland, and

Venezuela and was found highly successful in preventing severe rotavirus
gastroenteritis in each of these countries (Rennels ef al, 1996, Vesikari & Joensuu
1996, Santosham ef al, 1997).
Consequently, Rotashield was recommended by the Advisory Committee on
Immunization Practices (ACIP), the American Academy of Paediatrics (AAP), and
the American Academy of Family Physicians (AAFF) for vaccination of healthy
infants. In August 1998 it was licensed (as RotaShield, Wyeth-Lederle, USA) by
Food and Drug Administration (FDA) for routine immunisation of infants in the
USAwith three oral doses administered at 2, 4 and 6 months of age (CDC 1999b).
During September,1998- July,1999, an estimated 1.5 million vaccine doses were

administered to approximately 900,000 children in the US (Linhares & Bresee 2000).
Infants who suffered adverse events and had received Rotashield were reported to the
Vaccine Adverse Event Reporting System (VAERS), and over a period of 11
months, 15 cases of intussusception were reported (CDC 1999a). This was estimated
at about | case of intussusception for every 10,000 vaccinated children. Most of the
intussusception cases occurred during the first week of vaccination (Peter & Myers
2002). Therefore, due to this serious adverse effect, in July 1999 the US (CDC)
suspended the use of the vaccine (CDC 1999c, McCarthy 1999). Subsequently, the
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manufacturer withdrew RotaShield from the market in the United States 14 months
after its introduction.
One of the challenges with this vaccine was that it had not been evaluated
regarding risk-benefit for children in poor resource countries, as the trials in
progression in some countries of Asia and Africa were stoppedat that time (Dennehy
2008).
Since 1999, efforts to produce other vaccines have been encouraged by the
withdrawal of RotaShield vaccine. In addition this vaccine had included only human
VP7 genes to induce protective immune responses; therefore due to the importance
of VP4 to provide protective immunity, the currently licensed rotavirus vaccines
include either human VP7 or VP4 genes (Dennehy 2008).

Currently Licensed Vaccines
To

date,

two

commercial

candidate

vaccines

namely,

Rotarix

(GlaxoSmithKline Biologicals, Rixensart, and Belgium) and RotaTeq (Merck
Research Laboratories, Philadelphia, Pennsylvania, USA), have completed phase III

large scale safety and efficacy trials, each involving more than 60,000 children.
These vaccines are now licensed in many countries with the aim oftheir inclusion in
the expanded programme of immunization (EPI). A summary of the main
characteristic features of theses vaccines is shownin Table1.3 and further details will
be reviewed below.

a2

Table 13 Comparison of the two licensed rotavirus vaccines
Parameter

Rotateq

Rotarix

Company

GlaxoSmithKline

Merck Vaccine Division

Genetic backbone

Humanrotavirus-89-12

Bovine rotavirus-WC3

Composition

Single humanrotavirus

Genotypes

G1 P[8]

Gl, 2, 3, 4, and P[8]

Dosage schedule

2 doses at 2 and 4 months

3 dosesat 2, 4, and 6
months

Administration

Oral

Oral

Presentation

Lyophilized-reconstituted

Liquid

Protection against
severe disease

95% (91-97)

85% (72-92)

Virus shedding

>50%

9%

Intussusception

Noincreased risk

Noincreased risk

5 human; bovine
reassortant

Source (Greenberg & Estes 2009).

Human monovalent vaccine (Rotarix)
Rotarix is a monovalent live attenuated rotavirus vaccine (RV1). It was
developed from a strain of rotavirus named (89-12) which wasisolated from a child
in Cincinnati, Ohio, and wasfirst attenuated by passaging 33 times in African green
monkey kidney cells. Consequently, it was cloned and passaged seven times in a
vero cell line to obtain the vaccine strain which named (RIX 4414) of GIPIA P[8]
specificity (Bernstein et al, 1998, Vesikari ef al, 2004a).
In a six randomized, placebo-controlled, double blind, efficacy trials

conducted in both developed and developing settings including, Latin America/
Finland (Ruiz-Palacios ef al, 2006), Europe (Vesikari et al, 2007b), Latin America
(Linhares ef al, 2008, Tregnaghi et al, 2008), South Africa and Asia (Madhiet al,
2008, Phuae¢ al, 2008) showedthat, the protective efficacy of rotarix ranging from
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82-96% against severe rotavirus gastroenteritis and 85-100% against severe rotavirus
gastroenteritis requiring hospitalization.
The integrated analysis which included four completed randomized, doubleblind, phase II and III studies (Vos ef al, 2009), comparing two doses of rotarix or
placebo, regarding the occurrenceof rotavirus diarrhoea through onerotavirus season
or until 1 year of age in different settings included, Finland (Vesikari et al, 2004b),
Europe (6 countries) (Vesikari et al, 2007b) and twotrials in Latin America in which
phaseII trial was conducted in Brazil, Mexico and Venezuela (Salinas ef al, 2005)
and phase III trial included other 11 countries from Latin America and Finland
(Ruiz-Palacios ef al, 2006).
The integrated estimate for vaccine efficacy against rotavirus gastroenteritis
of any severity was 82.5% and against severe rotavirus diarrhoea was 87% for
G1P[8]. The integrated estimate for vaccine efficacy against G3P[8] strains for any
rotavirus gastroenteritis severity was 87.6% and the efficacy against severe rotavirus
gastroenteritis was 90%. For G4P[8] strains the efficacy against rotavirus of any
severity and against severe rotavirus gastroenteritis were 84.8% and 93%
respectively. For G9P[8] strains, the efficacy against rotavirus gastroenteritis of any
severity and against severe rotavirus gastroenteritis were 60 % and 83% respectively
(Vos et al, 2009). Although, G2P[4]strains do not share G or P type with the vaccine
strain, the integrated estimate for vaccine efficacy against G2P[4] types of rotavirus
gastroenteritis was 81% and against severe rotavirus gastroenteritis was 71%.
Therefore the vaccine efficacy against G2P[4] strain is likely indicative of the
efficacy of rotarix against other rotavirus types which do not share G nor P
genotypes with the vaccine strain (Vosef al, 2009).
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Recently rotarix has been found significantly reduced the incidence of severe
rotavirus gastroenteritis among African infants during the first year of life. Studies
from Malawi and South Africa have shown that the vaccine efficacy was 49% and
76.9% respectively against severe rotavirus disease (Madhief al, 2010)
In terms of vaccine safety, several clinical trials have reported no evidence of
an increased risk of intussusceptions or other adverse effects among vaccinated
children (Vesikari et al, 2004b, Dennehyet al, 2005, Ruiz-Palacioset al, 2006).
Rotarix is recommendedto be administered orally in a two-dose schedule. The first
dose should be administered to the infants beginning at 6 weeks of age and the
second dose should be completed by 24 weeks of age with an interval ofat least 4
weeks betweenthe first and the second dose. The maximum ageforthe first dose is
recommended to be 14 weeks and 6 days or 19 weeks and 6 days according to .
Advisory Committee on Immunisation Practices (ACIP) and (GSK), respectively
(FDA 2010). However, WHOhas recommendedthat the first dose should be given to
the infants at 6 weeksandnotlater than 12 weeks of age (WHO 2007).
To date, rotarix vaccine is licensed for primary vaccination of infants against
rotavirus disease in more than 100 countries including countries in Middle-East,
Africa, Latin America, Asia, the European Union, Canada, and the United States

(Cheuvart et al, 2009).
A recent study from Mexico has shown that diarrhoea related mortality has
decreased by 41%, from 61.5 deaths per 100,000 before introductionofrotarix to 36

per 100,000 among children younger than 11 months of age after implementation of
rotarix vaccine (Richardsonef al, 2010).
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Pentavalent human bovinereassortant vaccine (RotaTeq)
The bovine rotavirus strain, Wistar calf 3 (WC3), is the backbone of the

human-bovine reassortant rotavirus vaccine (HBRV). WC3 wasisolated from a calf
in Chester County, Pennsylvania, the US, and was passaged 12 times in African
green monkeykidneycells, was well tolerated, immunogenic and induced significant
serum neutralizing antibodies against the bovine rotavirus proteins G6 and P7[5]
(Clark et al, 1996).
WC3 did not induce cross-reacting immunity against the outer surface G
proteins of the common human rotavirus serotypes. Therefore human—bovine
vaccine reassortants were developed by co- infecting cell culture with WC3 rotavirus
and G1P[8] humanrotavirus strain (W179), consequently reassortants with human
G2, G3 and G4strains with addition of P1[8] reassortant to the vaccine, aiming to
provide wide protection (Clark ef al, 1996, Heaton ef al, 2005).
During 2001 to 2004, the RotaTeq Efficacy and Safety Trial [REST]
evaluated the vaccine in a phaseIII placebo-controlled, randomized trial conducted
in 11 countries, in North America, Latin America and Europe(Vesikari et al, 2006b).
In this trial, vaccine efficacy against any G1—G4rotavirus gastroenteritis through the
first full rotavirus season after vaccination was 74.0 %, while its efficacy against
severe gastroenteritis was 98.0 % and for G2 serotype the efficacy was 63%.
Although there was a trend towards vaccine efficacy for the serotypes G3, G4, G9
gastroenteritis of any severity, this was statistically insignificant due to small number
of rotavirus episodes that occurred in this clinical trial ( 83% efficacy for G3, 48%
efficacy for G4, and 65% efficacy for G9) (Vesikari ef al, 2006b).
However, a recent study in Nicaragua has found low efficacy of RotaTeq
after three doses (46%) against rotavirus-associated hospitalization (Patel ef al,
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2009). Therefore the greatest expected challenge will be in developing countries in
Africa and Asia, where previous candidate rotavirus vaccines have not been
efficacious (Vesikari ef al, 2007a).
The safety of RotaTeq was evaluated in a pre-licensure clinical trial (REST)
involving 71,725 infants who received either vaccine or placebo In this controlled
trial, the number of intussusceptions cases observed within a 42-day after RotaTeq

vaccination wasstatistically insignificant (Vesikari et al, 2006b). However, further
post-marketing safety monitoring is necessary to evaluate the risk of intussusception
and other serious adverse events.
RotaTeq has been licensed by the Food and Drug Administration (FDA) in
2006 for use amonginfants in the United States, and has been recommended to be
given in 3 doses administered orally in a three-dose schedule, at ages of 2, 4, 6

months of age (Parasharef al, 2006). Since then RotaTeq has been licensed in many
countries worldwide including, Middle-East, Africa, Latin America, Asia, the
European Union, Canada, and the United States.

To date the largest postlicensure study of RotaTeq vaccine did not identify
any safety concerns regarding intussusception or other adverse reactions (Belongia ef
al, 2010). Further postmarking surveillance system for both licensed vaccines is
needed to monitor vaccine safety, the degree of cross protection (heterotypic
protection), monitoring the possibility of the reassortment of vaccine strain with cocirculating strains, to identify the level of vaccination coverage needed to have an
effect on the disease and prevent transmission and to assess the level of herd
immunity (Desselberger et al, 2006, Van Dammeefal, 2006).
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Otherrotavirus vaccines
The Lanzhou lamb rotavirus vaccine (G10P[12]), a monovalent vaccine was
licensed as a live attenuated vaccine for human use by Zhi-sheng Bai of the Lanzhou
Institute for Biological Products in China in 2000 (WHO 2000, Glass ef al, 2005). To
date, there is not enough information available regarding its safety, immunogenicity
and efficacy. In a recent case control study, one dose of this vaccine was showed to
be moderately effective in preventing rotavirus requiring hospitalization (Fu ef al,
2007).
The Australian vaccine candidate RV3 is a G3P[6] naturally attenuated
human neonatal strain, and whentested in a small phase II trial was found to be safe
and well tolerated (Barnes ef al, 2002).
The Indian human live attenuated neonatal strainl16E (G9P [11]) in a phase I
clinical trial showed good immunogenicity and tolerability (Bhandari et al, 2006).
The UK human-bovine reassortant strain was developed by US National
Institute of Health, and was tested for safety, efficacy and immunogenicity in
Finland. It was found to be highly efficacious in a phase II trial in protecting children
against severe disease (Vesikari ef a/, 2006a). In order to enhance serotype coverage,
investigators at the National Institutes of Allergy and Infectious Disease (NIAID)
have developed a human-bovine (UK) reassortant with G9 and G8 specificity in
addition to G1, G2, G3 and G4serotypes, thereby formulating a hexavalent vaccine
which is currently under development in India, China, and Brazil (Kapikian ef al,
2005, Dennehy 2008).
Other rotavirus vaccines are the non living vaccine candidates. These include
inactivatedtriple and double layered (lacking VP4 and VP7)rotavirusparticlestriple
and double

layered virus

like particles
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(VLPs),

and recombinant,

E.coli-

expressedVP6 proteins. These vaccines have been under development since the
1980s and to date tested on animal models only (Ward ef al, 2008).

1.2.15.3

Rotavirus vaccine challenges

There are several challenges facing introduction of currently licensed
vaccines. Firstly, the age limit for the delivery of first dose of vaccine, since the

current guidelines did not recommend for starting rotavirus vaccination after 14
weeks of age because of the potential for intussusception to occur in older infants.
This age restriction may result in reduction in vaccine coverage in low resource
countries where the delay in the timing of vaccination is common,in addition to the
inability of parents to recall the exact age of their children (Parashar & Glass 2009).
The second challenge is that both current vaccines are live oral vaccines, and
previously live oral vaccines such as cholera, polio, and typhoid have shown low
efficacy in poor resource countries (Glass et al, 2006). Although, to date only two
studies on rotarix efficacy in Malawi and South Africa have shown significant
reduction in the incidence of severe rotavirus gastroenteritis in vaccinated infants
(Madhiet al, 2010).
Thirdly, there are many host and environmental reasons which may decrease
the ability of candidate child to produce effective immune response. For instance,
high titre of maternal antibodies during time of vaccination (Parashar & Glass 2009),
simultaneous administration of oral vaccine in the presence of other intestinal
infections, malaria, HIV and malnutrition could inhibit immunogenicity, and
decrease efficacy of vaccines (Cunliffe et al, 1998).
The fourth challenge is regarding the extent of cross protection which the

currently available vaccines could provide against different rotavirus serotypes,
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including G9, G8 which are becomingincreasingly important in different parts of the
world (Dennehy 2007). In addition to the emergence of novel and immunologically
distinct rotaviruses either through the transmission of viruses across species barriers
or through reassortment between animal and human rotaviruses, which may not be
cross protected

by the

currently

available

vaccines.

Therefore

continuous

surveillance of circulating wild type rotavirus strains is considered as an essential
part of any vaccine implementation strategy which may necessitate modification of
vaccine strain from timeto time (Iturriza-Gomaraef al, 2000c).
The fifth challenge is related to the financial support to provide these

vaccines for children in low resource countries (Parashar & Glass 2009). Although
the Global Alliance for Vaccines and Immunization (GAVI) has promised to support
poorer countries in implementing rotavirus- immunization programs according to
specific criteria, many countries that need rotavirus vaccine but do not meet the
eligibility criteria for GAVI funding will not be able to get the vaccines with
affordable prices (Danchin & Bines 2009).

1.3.

The backgroundto this study
There are very limited data regarding the role of rotavirus as a cause of

diarrhoeal disease in children in Libya. Only three studies have addressed rotavirus
infection in the country. The review of these studies documented the proportion of
diarrhoea cases due to rotavirus infection in Libya ranged from 16.5% to 48%
(Giasuddin et al, 1990, Cunliffe et al, 2001a, Ali et al, 2005). Similarly there are few
data on the P and G- genotypes of rotavirus circulating in Libya. Only a single
previous study conducted in 2000 by Cunliffe et al (2001) reported the molecular
epidemiology of rotavirus in Libya, which found that rotavirus G9, had an unusually
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high prevalence in Misuratacity. As there is usually a genotype shift over the years,it
is likely that current genotypes would have changed in the ensuing 8 years since the
study. Since Libya has the financial resources to introduce the new vaccines in the
future, but there is not sufficient data on epidemiology of rotavirus, this research will
be useful to both, inform how appropriate candidate vaccines are for this country, and
to monitor future changes of the ecology of the virus after the introduction of the
vaccines.

1.4

Objectives

The aimsofthis study include:
1. To describe the proportion of children under 5 years of age with diarrhoea who
have rotavirus to inform the need for rotavirus immunization programme.
2. To determine the age distribution of severe rotavirus cases in order to help to
determine an optimal schedule for immunisation.
3. To determine the seasonal pattern of rotavirus infection and their links with
regional trends relevant to immunisation strategies.
4. To describe the predominant rotavirus genotypes in circulation and identify
unusualstrains that might be incorporated into anticipated vaccine.
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CHAPTER TWO
MATERIALS AND METHODS

2.1

Study design

This was a cross sectional, hospital-based study of children with acute gastroenteritis
conducted between October Ist 2007 and September 30th 2008.

2.2

Study location
This study was based at Al-Jala Children’s Hospital, Tripoli, Libya. Libya is

situated on the coast of North Africa, and is the fourth-largest country on the
continent. It shares borders with Tunisia and Algeria in the west, and Egypt in the
east, while the Sahara extends across the southern frontiers with Niger, Chad and the

Sudan (Figure 2.1). Libya has a total population of 6,173,579 inhabitants, of which
one and a half million people live in Tripoli. Tripoli is the capital city and it is
located on the Mediterranean coast in the Northwest of the country. It has a typically
Mediterranean climate which is characterized by a cool season from November to
April, and a hot, dry season from May to October.
The health system consists of two levels of care: the primary health care
centres and referral hospitals. Al-Jala Children’s Hospital is the largest children’s
hospital in the western region of Libya (Figure 2.2). It provides primary, secondary,
and tertiary care facilities for > 150,000 children < 16 years of age each year. It has
250 inpatient beds. Although there is no information regarding the number of
diarrhoeal cases attending the outpatient clinic, the total number of hospitalised
children with diarrhoea ranges from 1200 to 1500 children aged <16 years old
annually.
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Tripoli

Figure 21 A map of Africa showing Tripoli, the capital city of Libya
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Figure 22 Al-Jala Children’s hospital — Tripoli
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2.3

Sample size:
It was expected that about 40% of children less than five years of age with

diarrhoea would have rotavirus in their stools. It was decided that the maximum
margin of error to describe the prevalence of rotavirus each month should be + 10%.
This would require a sample size of 92 children per month. This sample size was
increased by 15% to allow for children leaving the hospital without providing a
suitable specimen and some children providing insufficient sample for testing. Thus
the minimum sample size wasset as 104 per month. This number was then multiplied
by 12 and final estimated sample size of 1248 was accepted. This sample size would
allow establishing the yearly prevalence with a precision of + 3%.
Therefore, it was aimed to enrol at least 3-4 cases per day from both inpatient
and outpatient departments during 12 months of the study. The sample size was
calculated by Epi-info Ver. 6 (CDC, Atlanta, GA, USA).

Even though the sample size was estimated for the expected monthly
prevalence of rotavirus and notto establish differences in disease severity between
children with and without rotavirus, we conducted a post-hoc assessment to explore
how adequate wasthe estimated sample size for assessing disease severity.
The study established that 311 of 340 (91%, 95% confidence interval (CI) =
87.9-94.2) children with rotavirus and 508 of 750 (67.7%, 95% CI= 64.3-71.1)
children without rotavirus had severe diarrhoea (defined as a score >12). The sample
size needed to establish whether the severity of disease was different between
children with and without rotavirus (with 80% power, Beta error of <5% and 33% of
children having rotavirus) would be 41 children with and 82 children without

rotavirus. Although this was based on post-hoc calculation, which is not considered
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best practice in statistics; it is very likely the sample size was more than adequate to
establish these proportions.

2.4

Case definition
Diarrhoea was defined based on WHOcriteria which includes the presence of

watery stools with 3 or more episodes in 24 hours. Children wereclassified as having
acute diarrhoea if the episode duration was less than 2 weeks, and persistent
diarrhoea if the duration lasts 14 days or longer (WHO 2005a). Only children with
acute diarrhoea wereenrolled.

2.5

Subject enrolment
The present study was conducted from October 1*' 2007 to September 30"

2008, at Al-Jala Children’s Hospital. Patients with diarrhoea attended the outpatient
clinic where a detailed history and clinical examination is conducted. Patients are
then classified into not dehydrated, mildly dehydrated or severely dehydrated.
Children, not dehydrated or mildly dehydrated attend the outpatient clinic and are
given oral rehydration solutions (ORS) to take home. Children with mild to moderate
dehydration are observed for several hours in the rehydration clinic while they
receive intravenous rehydration therapy (IVT) and are allowed to go homeif they
respond to the treatment. Children with moderate to severe dehydration and those
who did not respond to rehydration therapy are admitted for further management.
Children for this study were invited to participate if they had dehydrating
diarrhoea and had been admitted to the paediatric wards for further management.In
addition to children not dehydrated or mildly dehydrated receiving ORSor with mild

to moderate dehydration receiving intravenousfluid replacementat the rehydration
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clinic were included. Cases wereselected using systematic sampling to enrol 2-3
cases from the outpatientclinic and one case from hospitalised children each day.
A medicalhistory and clinical examination was conducted on a daily basis by the
researcher and paediatrician in charge with the assistanceoftrained research nurses

for all eligible participants based on inclusion and exclusion criteria

2.5.1

Inclusion criteria:
All children aged between one month and five years who were admitted to

gastroenteritis unite or attended the outpatient clinic of Al-Jala Hospital with acute
watery diarrhoea (as defined in section 2.4).
All children who fulfilled the selection criteria were enrolled consecutively if
they were willing to participate. Children from the outpatient clinics and paediatric
wards were selected using systematic random sampling (i.e. every second child who
attended the clinic with diarrhoea or admitted to the hospital was invited to
participate).

2.5.2

Exclusion criteria:

Children were excluded if they were below one month or above 60 months
old, had diarrhoea of more than 2 weeks duration, or were knownto be HIVpositive,
diabetic or with terminal diseases such as, cancer or those on medications that

modify the immuneresponses(e.g. steroids), in addition to children who had frank
bloody diarrhoea based on medical history which was taken from participant’s
parents.

Due to difficulty to obtain stool samples from some patients who attended

outpatient clinic for short period of time, those children were notpossible to include

67

them in this study (the total number of patients who left the outpatient without
participate on the study was not recorded). There were no refusals to participate in
this study.

2.6

Clinical data collection:
Written consent was taken from the child’s parent or caretaker before

administering the questionnaire or collecting stool (a copy of the consent form is
included in Appendix 1).
A questionnaire included a brief medical history such as duration of the
diarrhoea, maximum number of diarrhoeal episodes/24hr, vomiting duration and
maximum number of vomiting episodes /24hr which was completed by a research
nurse. A clinical examination was performed mainly by a paediatrician in charge with
the help of researcher to assess the degree of dehydration, the child’s axillary
temperature and generallevel ofactivity. In addition patient outcome wasclassified
as discharged improved, discharged against medical advice, or died in the hospital,
data regarding each inpatient outcome was collected from patient’s file after
discharge (a copy of the questionnaire is included in Appendix 2).

2.7

Severity scores:
Four different numerical scoring systems which consider major symptoms

of rotavirus diarrhoea have been used in several longitudinal studies to measure
severity of rotavirus diarrhoea (Flores et al, 1987, Hjelt et al, 1987, Ruuska &
Vesikari 1990, Nakagomier al, 2005). The 0-9 scores consider two variables for
diarrhoea, one for vomiting and one for fever (Hjelt ef al, 1987). The 0-14 score
includes in addition dehydration and treatment (Flores et al, 1987). The 0-20 score

68

( Visckari scoring system ) included one more parameter for vomiting (maximum
number of vomiting episodes /24 hr) and gave higher scores for dehydration and
fever (Ruuska & Vesikari 1990). Recently the Visckari scoring system was
modified, to include general level of activity of the diarrhoeic child, classified into
a child with normal or reducedlevel of activity (Nakagomief a/, 2005), as shownin
Table 2.1. A reducedlevel of activity is defined as a child totally exhausted, with
an appearanceofseriously ill and is given 3 points by the Nakagomiet al (2005)
score. According to this scoring system the degree of dehydration is classified into
either absent or clinically present instead of the mild, moderate and severe
dehydration used in the Visckari system. Children with a score > 12 points were

classified as having severe diarrhoea.
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Table 21 The 20 point severity scoring system used to evaluate the severity of
rotavirus gastroenteritis; Source (Nakagomiet al, 2005)
Score (points)

Parameter
A. Diarrhoea

<2
2-4
>4

Duration ,days

Max .No. of diarrhoeal stool in 24h:

B. Vomiting

Absence
1-2

Duration, days

>3

1

Max .No. episodes in 24 hr

2
23
Absent

C. Dehydration

Clinically present

<37.6 C

D. Max temperature(C)

37.6-38.6 C

>38.6 C
E. Generallevelofactivity

Normal
Reduced

Maximum score =20 points
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2.8

Specimen collection, labeling and storage
Stool samples were collected in sterile containers and were labelled with a

unique numberandthe date of collection. All stool samples were then aliquoted into
Eppendorf tubes and were stored at -10°C in the hospital freezer. Every ten days
these samples were transferred on ice blocks to the National Centre of Infectious
Disease Control (NCIDC) in Tripoli and stored at-70°C. Periodically, the specimens
were then shipped on ice to the Division of Medical Microbiology, University of
Liverpool, UK, for laboratory analysis.

2.9

Laboratory investigations
All laboratory investigations were carried out in the Division of Medical

Microbiology University of Liverpool, UK.

2.9.1

Preparation of faecal supernates
About 10 to 20% faecal suspensions were prepared in 0.01M phosphate

buffered saline (PBS), PH 7.4. The PBS solution wasprepared by dissolvinga single
PBS tablet (Sigma, Pool, UK) in 50 mlof distilled water. About 100-2001 of liquid
stool (or a pea — sized portion of solid stool) was mixed thoroughly in a 1.5 ml
Eppendorf tube with 900 pl of PBS of PH 4.7 by vortexing in a class] Bio- safety
cabinet. The mixture was then spun at 1300 rpm for 10 minutes in a bench-top
microcentifuge. The supernate was pipetted off and then placed in a clean 1.5ml
Eppendorftube andstoredat -80 C° for further rotavirus analysis.
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2.9.2

Enzyme Linked Immunoabsorbentassay (ELISA)
The commercial ELISA usedin this study (Rotaclone, Meridian Diagnostics,

Cincinnati, OH) includes plastic microtiter wells, which are coated with a
monoclonal antibody directed against the sixth viral protein (VP6) which is a
rotavirus group specific antigen of all HRV. The test was done according to the
manufacturer’s instructions. Briefly, an aliquot of 100 pl of 10% faecal suspension
was added to the wells and incubated simultaneously with an anti- rotavirus
monoclonal antibody conjugated to horseradish peroxidise. Rotavirus antigen was
sandwiched between the solid phase and enzyme linked antibodies. After 1 hour
incubation at room temperature, the sample was washed to remove unbounded
enzyme labelled antibodies. Enzyme substrate and chromogen were added to the
wells and incubated for 10 minutes at room temperature. The enzyme boundto the

wells and converts the colourless substrate to a blue colour. The degree of blue
colour is directly proportional with the rotavirus concentration in the sample.
The tests were read visually and by spectrophotometer; any sample with blue
colour more intense than that of negative control was considered positive and those
samples with colour equal or less intense than negative control was considered
negative. The results were confirmed by spectrophotometer after adding the stop
solution to each well. According to the manufacturer, the test is able to detect 10°
virus particles/ml stools without cross reactivity with any other enteric pathogens.

2.9.3

Extraction of rotavirus RNA from faecal samples
Extraction of rotavirus dsRNA was done using the (Qiagen, RNeasy, UK).

This method removesinhibitors of RT-PCRpresent in stool through binding of RNA
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to a silica membrane in the presence of guanidine thiocyanate. The dsRNA is then
eluted from the membraneandcan be used directly for RT-PCR.
The following procedure was used for extraction of RNA from ELISA positive
rotavirus samples:
Qiagen RNeasy Extraction Method:
1. 2501 of faecal suspensions wasaliquoted into 1.5ml Eppendorftubes.

2. Working in the fume hood RLT buffer was prepared by adding 1001 of Beta
mercaptoethanol to 10 ml of RLT buffer (this was sufficient for 20 tests plus
controls).
3. 3001 of RLT buffer was added to each tube and vortexed.
4. 300ul of 70% ethanolaliquoted to the homogenised lysate and mixed.
5. 2ml Qiagen mini columnsandtubes supplied in the kit were labelled.
6. 450] of samples were then added to the mini column,the tube wasclosed gently
and centrifuged at full speed for 15 seconds.
7. The flow through wasdiscarded into a waste container; the collection tube was
blotted onto an absorbent towel.
8. Steps 6 and 7 were repeated.
9. 700ul of RW1 wash buffer was added to each column. The tubes were then gently
closed and centrifuged at full speed for 15 seconds and the collection tubes were
discarded.
10. The mini columns were placed into clean collection tubes and 500ul of RPE
buffer was aliquoted into each column. The tubes were gently closed and centrifuged
at full speed for 15 seconds.
11. The flow through was discarded and the collection tube was blotted onto an
absorbent towel. (Ethanol was added to RPE buffer before use).
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12. 5001 RPE buffer was transferred to each column and centrifuged at full speed
for 2 minutes.
13. The collection tubes were discarded and columns were placed into clean 2ml

collection tubes and centrifuged at full speed for 2 minutes.
14. The columnswereplaced into clean labelled 1.5ml Eppendorf tubes.
15. The RNA waseluted by adding 50u] of HPLC water directly onto the silica
membrane; the tubes were gently closed, incubated at room temperature for 1 minute
and centrifuged at full speed for 1 minute.
16.

The columns were discarded and 20u1 of dsRNA wastransferred into clean

Eppendorf tubes and the extracted RNA wasstored at -80°C until use for PAGE and
RT-PCR.

2.9.4

Polyacrylamide Gel Electrophoresis (PAGE)
This method is used to separate the rotavirus dsRNA segmented genome

according to their molecular weight. Electrophoresis is the migration of charged
molecules in solution in response to anelectric field. Their rate of migration depends
on the ionic strength, viscosity and temperature of the medium in which the

molecules are moving. The method usedis as described by (Nakagomier al, 1988b).

Procedure:

A 10% acrylamide separating (lower) gel was madeasfollows:
Lowerstock (pH8.8)
Acylamide: Bis

H20
10% ammonium persulfate

TEMED

12.5 ml
10 ml

7.5 ml
0.150 ml

15 ul
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A 3% acryl amide stacking (upper) gel was madeas follows:
Upper stock (pH6.8)
Acylamide: Bis

H20

2.5 ml
1.33 ml

6.2 ml

10% ammonium persulfate

TEMED

0 .03 ml

10 ul

Assembly of plates
The Amersham Biosciences standard vertical electrophoresis unit was used.
Each of the pieces of apparatus was washed thoroughly using soapy water then
rinsed in alcohol. Dividing strips were placed along the lateral edges of the glass
plates and secured firmly into the moulding apparatus using bulldog clamps.
Pouring of gels
14ml of lower gel was pipetted between each ofthe glass plates and overlaid
with water. After polymerization the water was poured off and the apparatus was
well drained. Combs were inserted between the glass plates and the stacking gel was
pipetted avoiding air bubble formation. The gels were labelled and the wells
numbered after polymerisation of the stacking gel the combs were removed. Thegel
plates were assembledinto the electrophoresis chamber by meansofbulldog clamps.
2% litres of Tris glycine running buffer was addedto the electrophoresis tank and
litre of buffer to the upper reservoir.

Sample preparation and loading
10ul of Laemmili sample buffer was added to 20ul of RNA. Prototype long
and short electorpherotype control strains (respectively Wa and KUN)were included

on each gel. The samples were loaded using a syringe. The upper chamberwasfilled
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with running buffer. The leads were connected to a power pack and gels were run at
16mA for 20 hrs.

Removalofgels
The apparatus was removed and excess buffer was poured off. The gels were
removed from the apparatus and were transferred to fixing solution.

2.9.4.1 Silver staining of rotavirus genome
The rotavirus genomewasstained with silver as described by (Herring etal, 1982)
Solutions:
A. Fixing solution (10% ethanol and 0.5%acetic acid).
100% ethanol
Glacial acetic acid
Distilled water

20 ml
1 ml
200 ml

B. Staining solution (0.011 M silver nitrate)
Silver nitrate (Sigma)

0.4 gm

Distilled water

200 ml

C. Developing solution 0.75 M NaOH (Sigma).
This solution was madeat the same time as solution B, since NaOHtakesat least 30

minutesto dissolve.
NaOH
37% Formaldehyde,
Distilled water

6 gm
1.5 ml (addedin the safety cabinet at the time of use).
200 ml
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D. Stop solution (5% Acetic acid)
Glacial acetic acid
Distilled water

10 ml
200 ml

Procedure

Staining was carried out in glass dishes. The gels were detached from the
plates and placed in fixing solution for 30 minutes. Then they were transferred to
staining solution and rocked for 60-90 minutes and then rinsed briefly with distilled
water. After that the gels were transferred to developing solution and rocked for 1530 minutes. Developing was allowed to proceed until all bands were visible in the
control lanes. Then the gels were transferred to stop solution and rocked for 30
minutes. Lastly they were rinsedin distilled water and photographed.

2.9.5 Reverse Transcriptase Polymerase Chain Reaction

Genotyping of rotavirus
Rotavirus VP7 (G) and VP4[P] types were determined by using hemi-nested
multiplex, RT-PCR (Gouveaef al, 1990, Gentsch et al, 1992, Das etal, 1994). The

dsRNA template wasfirst denatured (to separate the strands) at 97°C for 5 minutes
and each strand wasthen reverse transcribed to complementary DNA (c DNA). A
pair of consensus primers was used in the RT-PCR reaction to amplify the VP7 or
VP4 gene. Type specific primers representing each of the common and P types
gave products of different size when used in a second amplification reaction. The
products were then resolved by electrophoresis in an agarose gel and visualised
under UV light after ethidium bromidestaining. A positive control (strain Wa or DS1) and negative control (HO) were included in each RT-PCR experiment.
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2.9.5.1 VP7 (G) typing
Detection of rotavirus in clinical specimens and determination of the G-types
was accomplished by extraction of the viral dsRNA from faecal specimens and
analysis by RT-PCR with primer specific for the VP7 genes of G types 1, 2, 3, 4, 8
and 9.

Reagents
Autoclaved HPLC H20
10xPCRbuffer, pH 8.3 (PE Applied Biosystem Warrington, UK)
25 mM MgCL2 (PE Applied Biosystem).
Superreverse transcriptase (PE Applied Biosystem)
Amplitag DNA polymerase (PE Applied Biosystem)
2.5mM dNTPsolution (PE Applied Biosystem)
The primers are shownin Table 2.2.

Procedure
All PCR mixes (containing enzymes, dNTPs and MgCl2) were prepared in a
clean RNA/DNAfree area. These were separated from the RNA processing area,
which was separated from the DNA processing area. Filter pipette tips were used
throughout (to avoid aerosol contamination of the pipettes). All amplification
reactions were conducted with a Perkin Elmer 2400 thermalcycler.
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Type specific

TCT TCA AAA GTC GTA GTG

681-698

Nigerian (G8)

JRG106

9Conl —
51

9T-9B

—

_—

9T-1

g—-

9T-2

9T-3P
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110bp (G9)
158bP (G1)
244bp (G2)
403bp (G4)
466bp (G3)
661bp (G8)

9T-4

<—

106

<_

Type specific

TAT AAA GTC CAT TGC AC

131-147

116E (G9)

9T-9B

—

Type specific

GGG TCG ATG GAA AAT TCT

423-440

ST3 (G4)

9T-4

£

Type specific

GTC CAG TTG CAG TGT TAG C

484-503

107E (G3)

9T-3P

904 bp

3’
1062

Type specific

GTT AGA AAT GAT TCT CCA CT

262-281

S2 (G2)

9T-2

<— 9on2

Type specific

TCT TGT CAA AGC AAA TAA TG

176-195

Wa (G1)

9T-1

Consensus

GTA TAA AAT ACT TGC CAC CA

Wa (G1)

9Con2

+

Sense

922-941

Nt
37-56

—_Strain(ST)
Wa (G1)

Primer
9Conl

Primer type
Consensus

Rotavirus multiplex RT-PCR Gene 9 (VP7) typing of rotavirus strains from Libya; (Gouveaet al, 1990).
Sequence
TAG CTC CTT TTA ATG TAT GG

Table 22

A. First amplification
2 ul of consensus primer mixture was added to each tube. The RT and Amplitaq
mixes were prepared onice and vortexedpriorto use.

1x RT (ul components)

1x Amplitag (ul components)

H20

H,0

17.9

36.5

2.5mM dNTP

8

2.5mM dNTP

8

10xPCRbuffer

5

10xPCRbuffer

5

25mM MgCl

9

Amplitaq

0.5

RT (6-9U)

0.1

50ul

40ul

The tubes with 9Con1/9Con2 primer mix were transferred to the RNA work
area. 8ul RNA was combined with the 9Con1/9Con2 primer mix and heated at 97°C
for 5 minutes. The tubes were cooled in ice for 1 minute, spun for 10 seconds at
13000 rpm andreturned to the ice bath. 40ul of RT mixture was addedto each tube,
which were incubated for 60 minutes at 42°C in the thermal cycler. The samples
were returned to the ice bath and 50ul of Amplitaq mix was added to each tube. The
tubes were centrifuged for a few seconds, returned to the ice bath and then added to
the thermal cycler for 20 cycles of PCR.

PCRcycling conditions
1 cycle

94°C

1 minute

20 cycles

94°C

0.5 minute

42°C

0.5 minute

72°

1

minute
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1 cycle

72°C,

1 cycle

soak at

7 minutes

4°C

B. Second amplification

1x reaction mix (ul components)

HO

28.5

2.5mM dNTP

8

10xPCRbuffer

5

25Mm MgCl,

4

10uM G9pool /9Con1

2

Amplitaq

0.5

48
Procedure:
Thefirst amplification product was centrifuged for 10 seconds at 13000 rpm
and 2ul of product was mixed with 48ul of 1x reaction mixture. The samples were
run for 30 cycles of PCR.

PCRcycling conditions
1 cycle

94°C

1

minute

30 cycles

94°C

0.5 minute

42°C

0.5

minute

72 °C

1

minute

1 cycle

72°C

7 minute

1 cycle

soak at

4°C
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10ul of PCR product plus 2ul of loading buffer was electrophoresed at 150V for 60
minutes on a 2% agarose gel containing ethidium bromide. 2ul of 100 bp DNA
ladder was run on each gel. The products were visualised under ultraviolet light and
then photographed.

2.9.5.2 VP4(P) typing
Detection of rotavirus in clinical specimens and determination of the P types
was accomplished by extraction of the dsRNA from faecal specimens and analysis
by RT-PCR with primersspecific for the VP4 genesof P types 4, 6, 8, and 9.

Reagents
UVirradiated HPLC HO 10xPCRbuffer, pH 8.3 (PE Applied Biosystem)
25 mM MgCl) (PE Applied Biosystem)
MuLVreverse transcriptase (PE Applied Biosystem)
Amplitag DNA polymerase (PE Applied Biosystem)
2.5 mM dNTPsolution (PE Applied Biosystem)
The primers used to identify gene 4 (VP4) typing of rotavirusstrains are shown in
Table 2.3.
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Ku (A [8])

Con2

Wa

AU-1

P[8]

P[9]

51

M37

P[6]

—

P[4]

Hum Com 5—>

Con3 —

KUN

P[4]

Com5

Hum

Ku (A [8])

Con3

Primer __ Strain.

P[8]

347368
592613
456480
533552

221

11-32
868887
200-

ING

-

-

-

-

>

-

P[9]

Sense _

+

169bp P[4]
281bp P[8]
353bp P[9]
414bp P[6]

P{6]
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CGT CGC TCC TTG ATA CCA GT

Sequence
TGG CTT CGC CAT TTA TAG ACA
ATT TCG GAC CAT TTA TAA CC
CTC TCG ATG GIC CAT ATC AAC C
ATA TAT TGC CTA TIT GIT TGA C
GTA TTA CAG TIT CTA CTT CAG A
TGT ACG TCT ATT ATA AAA TIC ATT T

876 bP

<— Con2
2359 3!

Type specific

Type specific

Type specific

Typespecific

Consensus

Consensus

Consensus

Primertype

Table 23 Rotavirus Multiplex RT-PCR Gene 4 (VP4) typing of rotavirus strains from Libya; (Uchida ef al, 2006).

A. First amplification
2ul of consensus primer mixture was added to each tube. The RT and Amplitaq
mixes were prepared and onice and vortexedpriorto use.

1x RT (ul components)

1x Amplitaq (ul components)

HO

H20

17.9

36.5

2.5Mm dNTP

8

2.5mM dNTP

8

10xPCRbuffer

5

10xPCRbuffer

5

25mM MgClo

9

Amplitaq

RT (6-9U)

0.1

0.5
50ul

40ul

The tubes with Con3/Con2 primer mix were transferred to the RNA work
area. 8ul RNA was combined with the Con2/Con3 primer mix and heated at 97°C for
5 minutes. The tubes were cooled in ice for 1 minute, spun for 10 seconds at
13000rpm and returned to the ice bath. 40ul of RT mix was added to each tube,
which were incubated for 60 minutes at 42°C in the thermal cycler. The samples
were returned to the ice bath, and 50ul of Amplitaq mix was added to each tube. The
tubes were centrifuged for a few seconds, returned to the ice bath and then added to
the thermal cycler for 20 cycles of PCR.
PCRcycling conditions:
1 cycle

94 °C,

1 minute

20 cycles

94°C,

0.5 minute

42°C,

0.5 minute

72 °C,

1 minute

Icycle

72°C, 7 minutes
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1 cycle

soak at

4°C

B. Second amplification
1x reaction mix (ul components)

H20

28.5

2.5mM dNTP

8

10xPCRbuffer

5

25mM MgCl,

4

10uMG4typing /Hum Com 5

2

Amplitaq

0.5
48 ul

Procedure

The first amplification product was centrifuged for 5 seconds at 13000 rpm
and 2ul of product was with 48ul of 1x reaction mixture the samples were run for 30
cycles of PCR.
PCRcycling conditions
Icycle

94°C,

1 minute

30 cycles

94°C,

0.5 minute

42°C, 0.5 minute
72 °C,

0.75 minute

lcycle

72°C,

7 minutes

1 cycle

soak at 4 °C

10 ul of PCR product plus 2ul of loading buffer was electrophoresed at 150V for 60
minutes on a 2% agarose gel containing ethidium bromide. 2ul of 100bp DNA ladder
was run on eachgel.

The products werevisualised under ultraviolet light, and then photographed.
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Interpretation of results
The sample was positive for P types 4, 6, 8 or 9 if the samples gave PCR
products of the appropriate size.
2.9.6

Nucleotide sequencing
VP7 amplification products were used for sequencing with consensuses

primers 9 Con1 and 9 Con2, which amplifies 863 bp fragment of the VP7 gene.

2.9.6.1

PCR product purification
DNAwaspurified by the use of Illustra Microspin columns (GE Healthcare,

Buckinghamshire, UK). This utilises a resin which allowsgelfiltration of an applied
sample. Molecules larger than the largest pores in resin such as DNA, do not
penetrate the matrix of the resin and are therefore the first molecule eluted allowing
for their preferential collection.
2.9.6.2

Cycle sequencing
Purified PCR products were sequenced with specific primers by Lark

Technology Laboratory, Essex, UK. Sequences were received electronically.
2.9.6.3

Sequence analysis
Sequences

were

corrected

using

the

EditSeq

software

programme

(DNASTAR, Madison, Wis, USA). Sequences were then compared to sequencesin
the National Centre for Biotechnology Information (NCBI) database using Basic
Local Alignment Search Tool (BLAST)search.
A phylogenetic tree was constructed using reference and studystrains. These
were sent to the DNA Data Bank of Japan (DDBJ) [http://clustalw.ddbj.nig.acjp].

The bootstrap analysis was returned via e-mail and a phylogenetic tree was created
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using neighbouring-joining method (Saitou & Nei 1987) by the ClustalW method
(Thompsonef al, 1997) and drawn using the Tree View Program (Page 1996).

2.10

Seasonal analysis:
seasonal variations were assessed by analyzing the monthly rotavirus positive

cases using Edwards’ model tests (Edwards 1961). This model is based on a
geometrical frame work which wasspecifically designed for seasonality andtests the
null hypothesis against occurrence of a sinusoidal curve with a twelve month period
(a single annual peak and single trough, with 6 months between the two). In
Edwards’ model the data must consist of the frequencies of events grouped into
appropriate time intervals, for example months of the year, or days of a week. The
assumptions required by the original method are that the length of the time interval
must be equal andthat the events are independent. The data are presented in the form
of the rim of a circle divided into sectors. For instance, 12 sectors are defined when

the data consists of monthly totals of events, and 7 sectors whenthe data includesthe
totals by days of a week. If there is no seasonal variation in the data, the expected
centre of the gravity of a time series of events would be in the centre ofthe circle.
The position of actual centre indicates the time period for peak incidence andits
distance from the centre of the circle indicates the relative strength of seasonal
variation (Hewitt et al, 1971, Hakko et al, 2002). The winPepi (computer Program
for epidemiologist) computes the amplitude of the curve (as a percentage of the peak
frequency), an angle that indicates the time of the peak, and the date that corresponds
to this angle. If the test significant, (p<0.05), the peak date is indicted in a 12 months
sinusoidal curve (Abramson 2004).
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2.11

Statistical analyses
Statistical tests were performed by EPi- info (CDC, Atlanta, GA, USA).

Proportional outcomes were compared between groups using chi-squaretest.
A p value of < 0.05 was considered significant. Continuous not normally distributed
variables were compared by using nonparametric tests (Mann-Whitney). We used
Studentt-test to compare between to sample meansof normally distributed data.
Sample prevalence with 95% (CI) wascalculated. Cross tables were generated
between dichotomous outcomesandthe potential predictors that were categorical
variables for calculation relative risk, RR (95% CI).

2.12

Ethical approval
Libyan National Centre of Infectious Disease Control and Prevention

(NCIDC) Ethics Committee and the Liverpool School of Tropical Medicine

Research Ethics Committee gave ethical approvalfor this study. Written consent was
obtained from the child’s parents or guardians prior to enrolment. A copy of the
consent form is attached in Appendix 1.

2.13

Major ethical issues
Participants may not benefit directly from the information generated by this

study. We explainedthis to the parents of the participants but informed them that the
information gathered may improve the management and prevention of gastroenteritis
in the future.
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CHAPTER THREE
ROTAVIRUS DIARRHOEAIN LIBYA

3.1

Introduction
Diarrhoeal disease is one of the most common illnesses among children

throughout the world. Recently, it has been estimated that diarrhoeal disease
accounts for approximately 1.5 million deaths annually among children under five
years of age (UNICEF/WHO 2009). Although more than twenty different
enteropathogens either bacteria, parasites, or viruses cause diarrhoea, rotavirus is

considered the most frequent causative agent for severe diarrhoea in children below
the age of 5 years worldwide (Glasset al, 2006).
Generally, group A rotaviruses can be identified in 15%-35% of children
below 5 years of age treated in outpatient clinics for gastroenteritis and in
approximately 25%-55% of those hospitalised (Parashar et al, 2003, Bresee ef al,
2004). Sanitation appears to have less impact on rotavirus infection rates as rotavirus
diarrhoea can occur among children from countries with high socioeconomiclevels
and good sanitation standards as well as in countries with low income and poor
hygiene (Bern et al, 1992, Parashar et al, 1998). However, in developing countries
rotavirus diarrhoea is more common amongchildren less than one year of age, in
addition to the occurrence of large number of severe rotavirus infection among
children < 6 months of age (Cunliffe et al, 1998, Velazquez et al, 2000). In contrast,
in developed countries rotavirus infection occurs in children at later ages. Some
studies reported a low prevalence of rotavirus infection during the first 6 months,
with a peak of infection during the second yearoflife (Bresee ef al, 1999, Nakagomi
et al, 2005). This difference in age maybeattributed to the difference in seasonality
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of rotavirus infections (Bresee et al, 1999), and population characteristics that
increase the risk of infection, such as sanitary conditions, younger population,
overcrowding andothers.
Several studies have reported that rotavirus infection is mainly a winter
disease in locations of temperate climate with less number of diarrhoeal episodes
occurring outside the seasonal peak (Brandt ef al, 1983, Lebaron ef al, 1990). By
contrast, in developing countries with tropical climate, rotavirus infection occurs
throughout the year with no constant seasonal variation, although peaks may occurin
the dry and winter months (Cooket al, 1990, Cunliffe er al, 1998).

3.2

Literature review
This chapter focuses on the burden of rotavirus infection in Libya. Due to a

limited number of studies on the epidemiology of rotavirus diarrhoea in Libya,
published articles from neighbouring countries and the Middle East region were
included to gain someinsight into local epidemiology of rotavirus infection.
3.2.1

Burden of rotavirus diarrhoea in Libya
Diarrhoea remains one of the major causes of illness among children under

five years in Libya, with a significant number of children suffering from diarrhoeal
illness each year. Recently WHOestimated that 8% of deaths among children under
5 years of age in Libya in 2000-2003 was dueto diarrhoeal disease (WHO 2006b). It
wasalso estimated that 14 rotavirus - associated deaths per 100,000 children under 5
years of age occurred in Libya in 2004 (WHO 2006a). Overall, limited studies have
been conducted on the epidemiology ofdiarrhoeal diseases particularly on the burden
of rotavirus infections in Libya. In this review, papers obtained from the Medline

database between 1985 and 2008 were searched using the keywords ‘Rotavirus’ or
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‘viral gastroenteritis’ and ‘Libya’. In addition, papers published in local biomedical
journals and reports from the Ministry of Health in Libya have been included. Two
articles were identified in Medline and onearticle in a local journal.
The proportion of cases of diarrhoea due to rotavirus infection in Libya
ranged from 16.5% to 48% (Giasuddin et al, 1990, Cunliffe et al, 2001a, Ali er al,

2005). However, these studies were of different duration and different age groups.
Thefirst study was conducted in 1988 (Giasuddine¢ al, 1990); a hospital based study
of 12 months duration recruited 390 children below 1 year of age, with acute watery
diarrhoea. It reported a prevalence of rotavirus infection of 16.5%. This is the only
study investigated the seasonality of rotavirus infection in Libya and showedthat
rotavirus occurred throughout the year, with peaks in February, May, June,

September and December (Giasuddin ef al, 1990). A further study conducted by
Cunliffe et al in 2000 was a hospital based of two months duration. This study
recruited 73 children below 5 years old and the proportion of cases due to rotavirus
was 48% (Cunliffe et al, 2001a). The most recent study was conducted in 2005 by
Ali et al, and was of 12 months duration. This was a hospital-based study of 169
children with acute diarrhoea aged less than one month to 12 years. The prevalence
of rotavirus diarrhoea was 26.6% (Ali et al, 2005).

3.2.2

Burden of rotavirus diarrhoea in the Middle East region

Prevalence of rotavirus infection
Generally, in Middle Eastern countries, the proportion of rotavirus diarrhoeal
disease in children under 5 years of age ranged from 10% to 59.1% (Ghaziet al,
2005, Eesteghamati et al, 2009). This proportion ranged from 13% to 22% in North
African countries such as Tunisia (Chouikha ef al, 2007, Sdiri-Loulizi et al, 2008),
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14.6% in Algeria (Tchambaz ef al, 1989), in Morocco ranged from 20% to 44%
(Tazi-Lakhsassi et al, 1988, Benhafid et al, 2009) and from 21% to 40% in Egypt
(El-Mougiet al, 1989, El-Mohamadyet al, 2006). In the Gulf area, Saudi Arabia has
reported that 10% to 46% of diarrhoeal cases were due to rotavirus (El-Assouli ef al,
1992, Ghazi et al, 2005). In Kuwaitthe rotavirus detection rate ranged from 15.3% to
43.6% of cases (Al-Nakib ef al, 1980, Marmash ef al, 2007). Bahrain reported
rotavirus detection rate of 27.4 % (Dutta et al, 1990) and in Iraq it has ranged from
24% to 37% (Mahmood & Feachem 1987, Ahmed er al, 2006). In Oman rotavirus
was detected in 31% to 49% of diarrhoeal cases (Aithala et al, 1996, Al Awaidy ef
al, 2009), in Iran rotavirus detection rate ranged from 15.3% to 59.1% (Khalili ef al,
2004, Zarnani et al, 2004, Samarbafzadeh et al, 2005, Eesteghamati ef al, 2009) and

in Turkey the proportion of rotavirus diarrhoea ranged from 23.3% to 53% (Kurugol
et al, 2003, Cataloluk et al, 2005, Bozdayi et al, 2008, Ceyhanet al, 2009).
Moststudies have reported that the highest incidence of rotavirus infection
occurred in children less than 2 years of age (Khalili et a/, 2004, Ghazi er al, 2005,
Bozdayi et al, 2008, Al Awaidy ef al, 2009, Benhafid er al, 2009).

Seasonality of rotavirus infections
In countries neighbouring Libya, including Tunisia, rotavirus infections occur
throughout the year, predominantly during the cooler season, with most cases
occurring between Novemberand February (Trabelsi et al, 2000, Fodhaeral, 2006).
Thisis similar to those reported from North Africa such as Algeria (Puel ef al, 1982)
Morocco (Tazi-Lakhsassi ef al, 1988) and Egypt (El-Mougi etal, 1989, Wierzba et
al, 2006). Other areas around the Mediterranean such as Italy (Ruggeri & Declich

1999) and France (Gentschef al, 1992) have shown similar seasonal patterns with an
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increase of cases in the cooler months of the year. Similar seasonal trend has been
observed in some countries in the gulf region such as in Kuwait (Al-Nakib ef al,
1980), Saudi Arabia (Mohammedet al, 1994, Milaat & El-Assouli 1995, Kheyamief
al, 2008), Iran (Khalili et al, 2004), Oman (Al Awaidy ef al, 2009) and Turkey
(Bozdayiet al, 2008). However, somestudies in Saudi Arabia (Al-Ahdalet al, 1991,
Akhter et al, 1994), Bahrain and Jordan, have shown noseasonalvariation in the

occurrence ofrotavirus infection (Dutta ef al, 1990, Khuri-Bulos & Khatib 2006).

3.3.

Material and methods

Children for this study wereinvited to participate if they had acute diarrhoea and
were not dehydrated or mildly dehydrated and received ORSor with mild to
moderate dehydration whoreceived intravenousfluid therapy at the outpatient clinic.
In addition to children who admitted to the hospital for further management. Only
children aged <5 years were selected using systematic sampling (every second case)
to enrol 2-3 cases from the outpatient clinic and one case from hospitalised children
each day. A medicalhistory and clinical examination was conducted forall eligible
participants based on inclusion and exclusioncriteria as mentioned in Chapter Two.

3.3.1

Laboratory investigations
An aliquot of stools was used for testing rotavirus antigen using Rotaclone

ELISA kits (Meridian Diagnostics, Cincinnati, OH). The test was performed as
specified by the manufacturer, as described in Chapter Two.
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3.3.2

Statistical analysis

Statistical analysis were performed using Epi-Info (CDC, Atlanta, GA, USA),
version 3.4.3. As described in Chapter Two. Epitable in Epi Info version 6.04,
StatCalc were used to estimate therelative risk and 95% confidence interval for
rotavirus disease within each category of demographicandclinical characteristic of
study population.

3.4

3.4.1

Results

Characteristics of the study population
Weidentified 1090 eligible children, of these 260 (23.9%) were inpatients

and 830 (76.1%) outpatients. The total non-enrolled patients either who did not meet
the inclusion criteria or those who were unable to provide stool sample were not
recorded. There were no refusal cases to participate in this study. There were no
cases excluded from analysis. A summary of participant enrolment is shown in the
flow chart (Figure 3.1).
The general characteristics of the inpatient and outpatient children with
diarrhoea are shown in Table 3.3. Out of 1090 diarrhoeic children, 444 (53.5%)
outpatients and 151 (58.1%) inpatients were males. The median age was 10 months
for inpatients and outpatients (IQR [6-14] and [6-15] months, respectively, p=0.1).
Males (151/260, 58%) were more commonly presented at inpatient wards compared
with (444/830, 53.5%) among outpatients. However, the difference was not
significant (p= 0.2).
The mean (SD) duration of the diarrhoeal episodes among inpatients and
outpatients before attending the hospital was 4.1 (1.9) days vs. 4 (2) days

respectively (p=0.67). The mean (SD) maximum numberof stools in the 24 hours
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prior to consultation among inpatients and outpatients was 7.3 (3.1) vs. 5.3 (1.7)
respectively (p<0.0001). Out of 1090 participants, 888 (81.5%) reported vomiting,
232 (85.8%) among inpatients vs. 665 (80%) among outpatients (p=0.04). The
mean (SD) duration of vomiting among inpatients and outpatients was 3.5 (1.6)
days vs. 2.5 (1.1) days respectively (p<0.0001).
The characteristics of the stools are shown in Table 3.1. At the time of
clinical examination, (233/260, 89.6%) inpatients had diminishedactivity (as a sign
of dehydration) compared with (102/830, 12.3%) outpatients (p<0.0001). Among
inpatients (214/260, 82.3%) had moderate degree of dehydration while only 15
(1.8%) of outpatients were moderately dehydrated (p<0.0001).
The majority of inpatients (259/260, 99.6%) had intravenous rehydration
therapy (IVT), compared with (471/830, 56.7%) of outpatient (p<0.0001). Among
all study children, (440/1090, 40%) had antibiotics before attending for medical
consultation. Out of these (103/260, 39.9%) were amonginpatients and (337/830,
40.6%) among hospitalised children (p=0.77).
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Every second child with
acute watery diarrhoea

identified from inpatients

and outpatient departments
approached andassessed for
eligibility to participate in
the study.

Vv

Not enrolled
n= NR*

y

e
e

. Not meeting inclusioncriteria
(n= NR).
. Refused to participate (n=0).
. Patients unable to provide
stool sample (n= NR).

Enrolled
n= 1090
Inpatients (n=260)
Outpatients (n= 830)

Excluded from analysis
n=0

v

Included in analysis
n=1090
e Rotavirus positive
(n=340)
e Rotavirus negative
(n=750)
*NR= the number not recorded

Figure 31 Flow diagram showing participant enrolmentcriteria throughout
the study period

Table 31

General characteristics of study population by modeof care
Modeof care
Variable

Median (IQR) age, months
Male: Female (% male)
Diarrhoea:
Mean (SD) duration, days
Max frequency/24h before attending
Vomiting (%)
Mean (SD)duration, days
Max Frequency/24h before attending
Fever (%)
Abdominal pain (%)
Type ofstools:
Watery (%)
Watery with mucus (%)
Watery with mucus and blood

p

Inpatients
n= 260

Outpatients
n=830

value

10 [ 6-14]
151:109 (58)

10 [ 6-15]
444:386 (53.5)

0.19
0.2

4.1 (1.9)
7.3 (3.1)
223 (85.8)
3.5 (1.6)
5.9 (2.7)
217(83.5)
150 (57.7)

4 (2)
5.3 (1.7)
665 (80)
2.5 (1.1)
3.7 (1.5)
649 (78.2)
612 (73.7)

0.67
<0.0001
0.041
<0.0001
<0.0001
0.067
<0.0001

128 (49)
121(46.6)
8 (3.1)

634 (76.4)
190 (22.9)
6 (0.7)

<0.0001

3 (1.2)

0

27 (10.4)
233 (89.6)

728 (87.7)
102 (12.3)

<0.0001

0
46 (17.7)
214 (82.3)

135 (16.3)
680 (82)
15 (1.8)

<0.0001

1 (0.4)
259 (99.6)
103 (39.6)

259 (43.3)
471 (56.7)
337 (40.6)

<0.0001

260 (100)
0

-

0

-

Watery with blood (%)
Level ofactivity:
Normal (%)
Reduced (%)
Degree ofdehydration:
None (%)
Mild (%)
Moderate (%)
Rehydrationtherapy:
ORS (%)
IVT (%)
Receivedantibiotics (%)
Outcome:
Improved and discharged (%)
Deceased
Leave against Medical Advice

3.4.2 Rotavirus detection
Out of 1090 children, 31.2 % (340/1090) were positive for group A rotavirus.
The detection rate of rotavirus infection was higher among inpatients than in
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0.77

outpatients [(38%, 99/260) vs. (29%, 241/830), RR=0.9 (95% CI 0.8-0.98), p=0.007]
(Table 3.2).
Table 32

Rotavirus detection rate among outpatient and inpatient children

Rotavirus

status

Modeof care

Inpatients

Outpatient

n=26

n=830

Positive (%)

99 (38)

241(29)

Negative (%)

161 (61.9)

589 (71)

3.4.3

RR,

P

95% CI

value

0.9 (0.8-0.98)

0.007

Demographic characteristics of participants by rotavirus status
The demographic characteristics of the children according to their rotavirus

status are shownin Table 3.3. The median age of rotavirus positive children was 10
months [IQR 7-15 months], which wassimilar to children without rotavirus (median
age 10 months; IQR 6-15 months, p= 0.8). Most rotavirus cases (94.5%) were
identified among children less than 30 months of age. The highest proportion of
rotavirus cases was among children 6-11 months of age (45.3%) followed by those
aged 12-17 months (21%). Rotavirus diarrhoea was less likely to occur among
children aged < 6 months compared with non rotavirus diarrhoea 13.2% vs. 20.1%,
respectively (p=0.007), as shown in Figure 3.2. Males (193/340, 57 %) were more
likely to be rotavirus-positive than females (147/340, 43%). However, the difference
wasnotsignificant RR 1.1, 0.9-1.3, p= 0.3.
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Table33

The age distribution of the children by rotavirus status
Rotavirus
Positive
Negative
n= 340
n=750

Study group
Age group:
<6 months (%)
6-11 months (%)
12-17 months (%)
18-23 months (%)
24-29 months (%)

a0 4

45 (13.2)
154 (45.3)
73 (21.5)
25 (7.4)
24 (7.1)

151 (20.1)
294 (39.2)
140 (18.7)
52 (6.9)
55 (7.3)

45.3%

45 1

@ Positive

0 Negative

30 5

sf
4| 20.1%9
3 25
20 -

21.5%

9

18.7%

15 113%

10 +j

7.4% 6.9%go 71%

5|

7.7%7

5.6%—/-/

7.b% |

1-5

6-11

12-17.

18-23

Age/ Months

Figure 32

0.007
0.06
0.3
0.9
0.97

7

59.90%

40 35 +4

P
value

24-29

308&

more

Agedistribution of children with and without rotavirusinfection
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3.4.4

Relative risk of demographic andclinical characteristics associated with

rotavirus diarrhoea
Demographic and clinical characteristics associated rotavirus diarrhoea is
shown in Table 3.4. Males (193/340, 57%) were more likely to be rotavirus-

positive than females (146/340, 43%). However, the difference was not significant
RR 1.1, 95% CI 0.9-1.3, p= 0.29. Vomiting was more commonly associated with
rotavirus-positive children (325/340, 95.6%) than among those without rotavirus
(563/750, 75.1%), (RR 1.27, 95% CI 1.2-1.3, p<0.0001). Two hundred and seventy
nine (82.1%) rotavirus positive children had fever compared to (587/750, 78.3%)
amongrotavirus-negative cases (RR 1.04, 95% CI 0.98-1.1, p=0.13). Children with
rotavirus were less likely to have abdominal pain (224/340, 65.9%) vs. those

without rotavirus (538/750, 71.7%) (RR 0.9, 95% CI 0.84-1.1, p = 0.06). Children
with rotavirus were more likely to receive intravenous therapy than children
without rotavirus (301/340, 88.5% vs. 429/750, 57.2%, respectively; RR 1.5 95%

CI 1.4-1.66, p < 0.0001).
Amongrotavirus infected children, 237 (69.7%) had mild dehydration and

489 (65.2%) were mildly dehydrated (RR 1.06, 95% CI 0.97-1.16, p= 0.1).
Moderate dehydration was associated more commonly with rotavirus diarrhoea
than non rotavirus diarrhoea (101/340, 29.7%) vs. (128/750, 17%) (RR 1.74, 95%

CI 1.38-2.18, p=0.001). Three hundred and eighteen (42.4%) of children without
rotavirus received antibiotics before medical consultation compared with (122/340,
36%) of those with rotavirus (RR 0.84, 95% CI 0.7-0.99, p=0.047).
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Table 34 Relative risk of clinical and demographic characteristics associated
with rotavirus diarrhea
Characteristic feature

Rotavirus status

Positive

Negative

n= 340

n=750

RR , 95% CI

P

value

Patient gender:
Male (%)

194 (57)

401 (53.5)

1.1 (0.9-1.3)

0.29

Female (%)

146 (43)

349 (46.5)

Vomiting (%)

325 (95.6)

563 (75)

1.27 (1.2-1.3)

<0.0001

Fever (%)

279 (82.1)

587 (78.3)

1.04 (0.98-1.1)

0.13

224 (66)

538 (71.7)

0.9 (0.48-1.1

0.06

Normal (%)

182 (53.5)

573 (76.4)

0.7 (0.62- 0.77)

<0.0001

Reduced (%)

158 (46.5)

177 (23.6)

1.96 (1.65-2.32)

<0.0001

None (%)

2 (0.6)

133 (17.7)

0.03 (0.008-0.13)

<0.0001

Mild (%)

237 (69.7)

489 (65.2)

1.06 (0.97-1.16)

0.13

Moderate (%)

101 (29.7)

128 (17)

1.74 (1.38-2.18)

<0.001

ORS (%)

39 (11.5)

321 (42.8)

0.26 (0.2-0.36)

<0.0001

IVT (%)

301 (88.5)

429 (57.2)

1.5 (1.4-1.66)

<0.0001

122 (36)

318 (42.4)

0.84 (0.7-0.99)

0.047

Abdominal pain (%)
Level ofactivity:

Degree ofdehydration:

Rehydration therapy:

Received antibiotics (%)
RR= Relative risk
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3.4.5

Severity of diarrhoea among the participants
The severity of the gastroenteritis episodes was classified into severe and

mild according to the modified Vesikari score (Nakagomiscore) using the 20 point
severity scoring system as described in Chapter Two.
The median severity score and the cut-off results (< and 212 points) are
shown in Table 3.5. The proportion of children with severe rotavirus diarrhoea
(scores >12) was more than those who had severe non- rotavirus diarrhoea (91.5%
vs. 67.2% respectively, p<0.001). The cut off point by rotavirus status is shown in
Figures 3.3. Due to the skeweddistribution of severity scores (skewness and kurtosis
were -0.49 and -0.22 respectively, Shapiro-wilk test <0.001). The median and [IQR]
was more suitable measure of the central tendency than the mean. The median [IQR]
severity score of rotavirus and non-rotavirus diarrhoea was 16 [14-18] vs. 13 [10-15]
respectively, p<0.0001, (Figures 3.4).

Table 35

Severity score among participants by rotavirus status

Severity score

Rotavirus status
positive
n=340

Median [IQR] score

p value

negative
n=750

16 [14-18]

13 [10-15]

<0.001
<0.001

> 12

311 (91.5 %)

508 (67.7%)

<12

29 (8.5 %)

242 (32.8 %)
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Figure 34

Distribution of severity score by rotavirus status
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3.4.6

Seasonal variation

3.4.6.1

Seasonal pattern of rotavirus disease:
Monthly prevalence of rotavirus positive cases is shown in Figure 3.5. A

seasonal variation in rotavirus disease was confirmed by Edwards’s test, for a
harmonic curve, six months between peak and trough (= 74.01; DF = 2; p<0.0001).
The estimated date for peak prevalence was February 5th. The occurrence of an

annual peak in the cooler months of November to April was confirmed with a
significant (Hewitt's test, p = 0.013). (Appendix 3: Graph showing seasonality tests
of occurrence of rotavirus disease).
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Sept

08

3.4.6.2

Seasonal variation of rotavirus disease by gender
Figure 3.6 shows monthly distribution of rotavirus disease by gender.

For males and females, a seasonal variation in rotavirus disease was confirmed by
the Edward’s test (= 36.61; DF = 2; p < 0.0001 and = 39.28; DF = 2; p < 0.0001,

respectively). For males the occurrence of an annual peak in the cooler months of
November to March was confirmed with a significant Hewitt's rank-sum test, (p =
0.015). For females the annual peak also occurred in the cooler months of November
to April (Hewitt’s test, p = 0.013). (Appendix 4 and 5: Graph showing seasonality
tests by gender).
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3.4.6.3

Seasonalvariation of rotavirus disease by enrolment place
The frequencyofrotavirus disease in hospitalised and outpatient children by

monthsis shown in figure 3.7. A seasonal variation in rotavirus disease among
inpatients and outpatients was confirmed by the Edward’s test (x*= 17.33; DF =2:;
p<0.0001 and x= 59.14; DF = 2; p<0.0001, respectively). Furthermore Hewitt’s
rank-sum test confirmed the occurrence of seasonal peaksin the cooler months of
Decemberto May(p = 0.013) and Novemberto April (p=0.013), for inpatients and

outpatients, respectively. (Appendix 6 and 7: Graph showingseasonality tests for
rotavirus by enrolmentplace).

Number of rotavirus cases

@ Inpatient
@ Outpatient

OM
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OT
OFSS
a OF FG
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Months/ Year

Figure 37 Frequency of rotavirus disease in hospitalized and outpatient
children by month; Numbers above the columns show the total months rotavirus positive
cases.
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3.4.6.4

Seasonalvariation of rotavirus disease by severity score
Figure 3.8 shows the frequency mild and severe rotavirus disease by month.

The severity of the gastroenteritis episodes was classified into severe and mild

according to the 20 point severity scoring system as described in Chapter Two. The
proportion of children with mild and severe rotavirus diarrhoea (scores < or =12) was
(315/340, 91.5%) and (29/340, 8.5%) respectively. There was significant seasonal
variation in occurrence of severe rotavirus disease, Edward’s test (= 69.42; DF = 2;

p <0.0001). Furthermore Hewitt’s rank-sum test confirmed the occurrence of
seasonal peaks in the cooler months of the year from Novemberto April, (v = 0.013).

Edward’s test showed that was no significance seasonal variation in the occurrence
mild rotavirus disease (x’= 5.42; DF = 2, p = 0.066). Furthermore, Hewitt’s rank-sum

test (for seasonal peaks) showed that was no significant annual peak among mild
rotavirus disease (p < 0.130). (Appendix 8 and 9: Graph showingseasonality tests of
rotavirus infection by severity).
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3.4.6.5

Seasonal pattern of rotavirus G9 strains

Figure 3.9 showsthe frequency of rotavirus G9 strains by months. A
significance seasonalvariation in the occurrence of G9 strains was confirmed by the
Edward’s test (x= 75.54; DF = 2: p < 0.0001). A significant annual peak of G9
rotavirus infection in the cooler months from Novemberto April was confirmed by

(Hewitt's rank-sum test, p = 0.025). (Appendix 10: Graph showing seasonality tests
of occurrence G9 strains). was confirmed by the Edward’s test
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Frequencyof G9 rotavirus strains by months; Numbers above the

columns show the total G9 strains for each month.
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3.5

Discussion
This is the first cross sectional study in Tripoli, to investigate the

epidemiology of rotavirus infection among children with acute diarrhoea. The

prevalence of rotavirus among children presenting with acute diarrhoea at Al-Jala
Children’s Hospital was 31.2% (95% CI = 28.5- 34.1). This is consistent with global
rotavirus detection rates which range between 20% and 65% (Hart & Cunliffe 2003),
and with those reported by previous studies from Libya which ranged between 16.5%
and 48% (Giasuddin et al, 1990, Cunliffe et al, 2001a, Ali et al, 2005). The

prevalence of rotavirus in this study has also been found within the range of those
reported from most Middle Eastern countries, which ranged between 10% to 59.1%
(Ghazi et al, 2005, Eesteghamati ef al, 2009), but higher than those reported from
neighbouring countries such as Tunisia, where the prevalence ranged from 13% 20% (Chouikhaer al, 2007, Sdiri-Loulizi et al, 2008), Algeria (14.6%) (Tchambazer
al, 1989) and Morocco (20%) (Tazi-Lakhsassiet al, 1988). The low prevalence rates
in these latter studies could be due to the use of latex agglutination assay for
detection of rotavirus. This test has lower sensitivity than ELISA which was used in
the present study.In this regard,it is of note that, a study conducted in Tunisia using
two different screening techniques, the latex agglutination assay between 1995 and
1999 and the ELISA between 2000 and 2004 documented a RV prevalence of 17%
and 26%, respectively (Chouikha ef al, 2007). Overall the difference in prevalence
among these studies may be related to many factors such as study population
demographics, periods of the study, seasonality and analytical methods.
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The majority of rotavirus diarrhoea cases in this study occurred among
children < 2.5 years old with the highest proportion among children aged 6-11

months. There is no previous information on the prevalence of rotavirus
gastroenteritis by age in Libya. Although the age distribution of the children in our

study is difficult to compare with regional studies, a few of these studies have also
shown a higher proportion of rotavirus infection among children less than 2 years of
age (Tazi-Lakhsassi et al, 1988, El-Assouli et al, 1996, Trabelsi er al, 2000, El-

Sheikh & El-Assouli 2001, Kheyamiet al, 2008).
The low frequency of rotavirus cases among infants younger than 6 months
of age in this study can possibly beattributed to the protective effect of maternal
antibodies. Many studies have observed that children < 6 months of age have mild
diarrhoea which can be treated at home due to the protective effect of maternal
antibody (Kelkar ef al, 2001, Ray et al, 2007). Howeverthis finding is in contrast to
those reported from most developing countries, for instance a review of studies from
Africa showed a median of 38% of rotavirus cases occurred in children <6 months of
age (Cunliffe ef al, 1998). This may possibly indicate that immunity maybe different
in different geographical settings. On the other hand the low percentageofrotavirus
cases among children over 30 months of age in this study may be explained by
natural immunity following previousrotavirus infections (Velazquez et al, 1996).
Among the clinical features on presentation, vomiting, lethargy and
dehydration were more frequently observed among children with rotavirus
gastroenteritis than among those without rotavirus diarrhoea. In addition, children
with rotavirus had a higher frequency and a longer duration of vomiting compared
with those without rotavirus. These findings are similar to those observed in most
other studies (Coffin et al, 2006, Albanoet al, 2007).
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Hospitalisation rates were higher for rotavirus infected children than for those
without rotavirus reflecting a more severe course for rotavirus diarrhoea.

These findings are in agreement with other studies (Ehlken er al, 2002,
Colomba ef al, 2006), although a few studies have reported that rotavirus
gastroenteritis is less severe than non- rotavirus diarrhoea (Unicombef al, 1997). It is
difficult to rely solely on hospitalisation as an indicator of the severity of diarrhoea
as admission to a hospital may be influenced by socioeconomic factors or by the
doctor’s attitude. Therefore, clinical scoring systems (Ruuska & Vesikari 1990,
Kurugol ef al, 2003, Nakagomiet al, 2005, Albano ef al, 2007) have been used in
several studies as indicators of severity of diarrhoea.
In the present study the severity of gastroenteritis was scored according to a
modified 20-point scoring system (Nakagomief al, 2005). According to this system,
rotavirus associated diarrhoea was significantly more severe than non-rotavirus
diarrhoea (median severity score 16 vs. 13 respectively, p<0.001). A significantly
higher proportion of rotavirus infected children had severe diarrhoea than those
without rotavirus (91.5 % vs. 67.2%, p<0.001 respectively). Similar results have
been reported from Finland, Turkey and Japan (Ruuska & Vesikari 1990, Kurugoler
al, 2003, Nakagomiet al, 2005).
Rotavirus infection occurred throughout the year in Tripoli. However, it was

more common during the cooler months of November to April and the lowest
prevalence was observed in the dry, hot months of May to October. These findings
are in contrast with findings from a previous Libyan study which showednoseasonal
variation (Giasuddin ef al, 1990), although similar seasonal trends have been
reported from neighbouring countries such as Tunisia (Trabelsi et al, 2000, Fodhaet
al, 2006), Algeria (Puel et al, 1982) Morocco (Tazi-Lakhsassief al, 1988) and Egypt
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Kuwait (Al-Nakib et al, 1980) and Saudi Arabia (Mohammedef al, 1994, Milaat &
El-Assouli 1995, Kheyami ef al, 2008). Interestingly, some areas around the
Mediterranean suchasItaly (Ruggeri & Declich 1999), France (Gentsch ef al, 1992)
and Turkey (Bozdayi et al, 2008) have shown similar seasonal patterns with peaksin
the cooler months of the year. Therefore the seasonality of rotavirus in this study has
similarities across most Middle East countries and other countries with temperate
climates.
In the present study there was significant seasonal variation in the occurrence
of rotavirus diarrhoea by patient gender when assessed independently. There were no
clear difference of the annual peaks identified among males and females. Occurrence
of seasonal variation in rotavirus disease was also recognised among outpatient and
inpatient children. In general, majority of rotavirus cases occurred in the cooler

months of the year (November to April), when temperature and relative humidity are
too low.
In the present study, one third of all patients were treated by ORS and 67%
of patients

received

intravenous

rehydration

therapy

(IVT)

either

during

hospitalisation or in the outpatient rehydration clinic. There are several factors
related to the excessive use of IVT. Firstly, parents consider that this treatment is
better than oral rehydration and prefer to have their children hospitalised to receive
IVT. Therefore parents sometimesprovide an incorrect history of persistent vomiting
and persuade the medical staff to treat their children with IVT. Secondly, medical
staff over-estimates the degree of dehydration at the outpatient department which
leads to unnecessary hospital admissions and over-treatment. In this regard a study
showed that junior doctors overestimated the degree of dehydration by mean of
3.2%, which caused overtreatment with intravenous rehydration therapy and
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unnecessary hospital admissions (Mackenzie et al, 1989). Thirdly, the hospital
protocol also recommendsthat children with moderate dehydration should be treated
with intravenous therapy even though they could be rehydratedorally.
Although antibiotic therapy has no role in the managementofviral diarrhoea,
it was observedthat in the present study about one third of rotavirus infected children
received antibiotics prior to attending to the hospital. Similar to many other
developing countries (Simpson ef al, 2007), inappropriate use of antibiotics is a
commonproblem in Libya, either because patients treat themselves or are prescribed
by general practitioners at primary health centres.

3.6

Conclusion
This study is the first to investigate the epidemiology of rotavirus

gastroenteritis in Tripoli. The high prevalence of rotavirus infection, its association
with severe disease and the high frequency of disease among children aged 6-11
months with low frequency of rotavirus cases among infants aged <6 months
supports the introduction of rotavirus vaccine in Libya within the current schedule of
the Expanded Program on Immunization (6, 10 and 14 weeks of age). The
unnecessary use of antibiotics in treating rotavirus cases requires an introduction of
simple affordable and rapid tests for diagnosis of this pathogen in Libyan Primary
Health Centres and Paediatric Hospitals which could improve patient care by
reducing the use of antibiotics and prolonged hospital stay for patients. In addition,
establishing an integrated strategy for the appropriate use of antibiotics is urgently
needed in Libya.
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CHAPTER FOUR
DIVERSITY OF ROTAVIRUS STRAINSIN LIBYA

4.1

Introduction

Rotavirus strainsare classified into E- types on the basis of differences in the
relative migration rates of genome segments in polyacrylamide gel electrophoresis.
This classification has been extensively used in the tracing of nosocomial outbreaks,
the identification ofvirusstrains circulating within a family, hospital, city, or
country; and in the differentiation ofvirus strains in large outbreaks (Gaggeroefal,
1992, Svensson 1998).
The diversity of electropherotypes has been described in many
epidemiological surveys. Studies in Hong Kong (Tam ef al, 1988), Kuwait (Sethi e¢
al, 1988), Morocco (Tazi-Lakhsassief al, 1988), Ireland (O'Halloran er al, 2000) and
manyothers, have shown extensive genomic diversity, with S- 14 E-types emerging
annually. On the other hand,studies such as in Australia (1973- 1979) (Rodgerefal,
1981), Papua New Guinea (Albert et a/, 1983), and in a rural Indian community (Raj
et al, 1989) have reported restricted E-types diversity ranging from 1-3 E-types cocirculating annually. However, one E-type has usually been dominant each year and
is typically replaced by a different E-type in the following year (Rodgeretal, 1981,
Albert et al, 1983).
Rotavirusesare also classified using the two outer layer neutralisation
proteins, VP7 and VP4,into G and types, respectively. The introduction of
molecular techniques for characterization has provided newinsights into diversity of
rotavirus strains worldwide (Fischer & Gentsch 2004,Iturriza-Gomaraet al, 2004,
Solberg et al, 2009). To date, among rotavirus isolates of both animal and human
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origin, at least 23 different G types and 31 P types have been reported globally
(Khamrin ef al, 2009, Ursuet al, 2009), of which at least 12 G and 12 P typesinfect
humans (Desselbergeret al, 2009, Solberg ef al, 2009).
Rotavirusesisolated from children with diarrhoea throughout the world can
be classified into five main strains, namely G1P[8], G2P[4], G3P[8], G4P[8] and G9
rotaviruses strains associated with P[8] or P[6] VP4 types. Serotype G9 hasrecently
emerged as an epidemiologically important humanrotavirusstrain (Santos &
Hoshino 2005, Widdowson 2008).
Interestingly, the distribution of rotavirus strains is highly variable between
geographic regions. These changes may occur rapidly over time in the same region

and a huge diversity has been reported betweendifferent locations at the sameperiod
of time, despite sometimesclose distances between them (Desselbergerer al, 2001).
A diverse array of co-circulating rotavirus strains in a single area and the emergence
of novel rotavirus strains, have been identified more commonly in developing
countries such as in Brazil, Bangladesh and India (Timenetsky Mdoet al, 1994,

Unicombet al, 1999, Jain et al, 2001a). This could be related to the high prevalence
of mixed rotavirus infection which mayfacilitate the reassortmentofrotavirus genes,
leading to the emergence of newstrains. In addition, rotavirus diversity is a
consequenceof other evolutionary processes such as point mutationsand interspecies
transmission (Taniguchi & Urasawa 1995, Iturriza-Gomara et al, 2001, Jain etal,

2001a).
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4.2

Literature review
This chapter will review the molecular epidemiology of rotavirus strains

circulating throughout the world. It will then focus on the diversity of rotavirus
strains circulating in Libya and neighbouring countries in the Middle East.
4.2.1

Rotavirus strains — background
The most commonrotavirus strains circulating in humans throughout the

world can be classified into five main strains including Gl-G4 and G9 types
associated with P[8] or P[6] VP4 types. The most predominant genotypes were
G1P[8] followed by G2P[4], G4P[8] and G3P[8] represented 64.7%, 12%, 8.5% and
3.3% respectively while G9 in combination with P[8] and [6] represented only 4.1%
of global collection (Santos & Hoshino 2005) . Howeverthere is a wide variety of
human rotavirus strains frequently identified in animal populations. These strains
include VP7 genotypes such as G3 (Nishikawaet al, 1989), G5, G6 (Gouveaef al,
1990, Banyai ef al, 2003), G8, G9, G10, G11 and G12 (Gentschet al, 1993, Das et
al, 1994, Cunliffe et al, 1999, Griffin et al, 2002, Pongsuwannaer al, 2002, Rahman

et al, 200Sa). In addition, animal VP4 types include P[6] (Santos & Hoshino 2005),

P[9] (Mochizuki ef al, 1997), P[11] (Jain et al, 2001b), P[14] (Holmeset al, 1999),
P[19] (Desselbergeref al, 2001), and more recently P[25] (Rahmanefal, 2005b). In
most cases, the genetic relatedness determined through nucleotide sequence has
provided evidence pointing to the origin of human isolates being from an animal
source (Palombo 2002, Varghese et al, 2004, Matthijnssens et al, 2009).
Rotavirus G3 strains are commonly identified in humansandit is the only G
type which has beenisolated from a wide range of animal species including, dogs,
cats, cows, goats, rabbits, pigs, birds, horses, mice, and monkeys (Desselbergerefal,

2001, Martella et al, 2001, El-Attar et al, 2002, Lee et al, 2003, Martella et al, 2003,
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Santos & Hoshino 2005). In humans, G3 strains are commonly associated with the
P[8] VP4 specificity, which is considered the third most prevalent rotavirus strain
globally, it accounted for 3.3% of all global isolates strains (Gentsch ef al, 2005,
Santos & Hoshino 2005). The G3 strains have also been detected occasionally in
association with P[9] genotype (Inoue & Kitahori 2006, Khamrin ef al, 2007). This
combination is more commonly isolated from feline species (Isegawa ef al, 1992).
However, the first P[9] (AU-1 strain) was isolated in association with G3, from an
infant with gastroenteritis during the 1982 rotavirus season in Japan (Nakagomietal,
1985). The AU-1 strain wasstrongly related to feline rotavirus strains as documented
by RNA- RNA hybridisation and sequence analysis which may indicate the
occurrence of interspecies transmission from cats to human (Nakagomi & Nakagomi
1989, Phan ef al, 2007a). Since then this combination has been sporadically detected
in humansin different parts of the world. Recently, it has been reported in USA,
Japan, Spain, Thailand and Italy (Griffin et al, 2002, Inoue & Kitahori 2006,
Sanchez-Fauquieret al, 2006, Khamrin etal, 2007, De Grazia et al, 2008).

Rotavirus G5 strains were originally detected in pigs and horses. They have
since been isolated from children in different geographical locations, including Brazil
(Leite et al, 1996), Argentina (Bok ef al, 2001a), Paraguay (Coluchier al, 2002) ,
Cameroon (Esonaet al, 2004) and more recently in China (Li ef al, 2008).
Rotaviruses G6 and G8strains are recognised serotypesofcattle. To date, G6
strains have been isolated occasionally from children in Europe (Gernaef al, 1992),
Australia (Palombo & Bishop 1995), Asia (Kelkar & Ayachit 2000), USA (Griffin er
al, 2002) and more recently have been identified in Latin America (Martini ef al,
2008). The G8 strains were first isolated between 1978 and 1981 on the Indonesian

islands Sumatra and Java (Hasegawaefal, 1984, Albert et al, 1987). Since then, G8
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strains have been reported in children in many different geographical locations,
including Africa where they have been detected at a high frequency, particularly in
Malawi, it was identified in 42% of the specimens (Cunliffe et al, 1999, Cunliffe er

al, 2000), Egypt (Holmesef al, 1999) and in Congo (Matthijnssens ef al, 2006b);
Serotype G8 has also been described in Asia (Jagannath ef al, 2000, Sharmaefal,
2009); Australia (Cooneyet al, 2001); Europe (Gernaef al, 1990, Beards & Graham
1995) and in Brazil (Montenegroef al, 2007).
G9 rotavirusstrains have been detected commonly in humans and
infrequently in animals suchas pigs and sheep (Fitzgerald et al, 1995, Desselberger

et al, 2001). It has been identified recently as the fifth most prevalent serotype
throughout the world accounted for 4.1% of global collection during 1989-2003
(Santos & Hoshino 2005). The evolution of G9 will be reviewedin detail in Chapter
Five.
Recently, G12 strains have been detected in a pig in India which could be the
possible animalsource forthe origin of this genotype (Ghosh ef al, 2006). In
humans, G12 strains werefirst isolated from diarrhoeic children in the Philippines in
1987 (Taniguchiet al, 1990), but no further cases were identified until 1998. Since
then, G12 has beenreported in several countries sporadically throughout the world
(Griffin et al, 2002, Castello et al, 2004, Shinozaki et al, 2004, Banyaief al, 2007,
Rahmanet al, 2007b, Cunliffe et al, 2009, Mukherjee ef al, 2010).

Rotavirus P[9] genotype has been frequently isolated from feline species and
sporadically reported in humans (Nakagomietal, 1985, Mochizukiet al, 1997). It
has been detected in association with a variety of VP7 types such as with G1, G3,
G4, G6, G10 or G12 types (Leite et al, 1996, Fischeret al, 2000, Griffin er al, 2000,

Banyai ef al, 2004a, Volotao et al, 2006, Castello ef al, 2009).
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VP4 P[6] types have beenisolated from pigs, and they are considered as one
of the three most common VP4typesassociated with human infection worldwide
(Santos & Hoshino 2005). Rotavirus P[11] strains are commonly foundin cattle and
haverarely been isolated from pigs and horses (Kapikian ef al, 2001). So far, P[11]
strains have been isolated from humancasesin India only (Jain et al, 2001b, Iturriza
Gomaraet al, 2004).
Rotavirus P[14], beside its isolation from animals including rabbits and pigs
has also been identified sporadically in humans (Santos & Hoshino 2005). Rotavirus
of VP4 P[19] specificity has been identified in pigs (Desselbergeref al, 2001,
Matthijnssens er al, 2009) and rarely isolated from humans (Okadaef al, 2000).

4.2.2 Rotavirusstrains in Libya and the Middle East region
In Tunisia a study from 1995 to 2004 reported that the most predominant
rotavirus strain was G1P[8], accounting for 34% of strains, followed by G1P[4] or

P[6] (24%), G2P[4] (3%), G3P[8] (4%), G4P[8] (2%), G9P[8] ( 2%) and unusual
types (15%). Mixed infections were responsible for 16% of cases (Chouikhaefal,
2007). Another study in Tunisia conducted from 2003-2005 showedthat rotavirus
G3P[8] wasthe predominantstrain, accounting for 51.5% ofisolates, followed by

G1P[8] (28.9%), G9P[8] (5.6%), G3P[4] (1.4%) and G1P[6] (0.7%) (Sdiri-Loulizi er
al, 2008). In Morocco, G1P[8] was the most prevalent strain responsible for 33% of

cases, followed by G9P[8] (30.5%), G2P[6] (9%), G1P[6] (3.7%), G2P[8] (0.7%)
and mixedstrains accounted for 21% of all isolates (Benhafid ef al, 2009).
In Egypt, a community basedstudy in a rural area enrolling children < 2 years
of age during the 1995 —1996 season found that the most prevalent rotavirus strain

was G2P[4] which accounted for 67% of cases, followed by G1P[8] (9%), G1P[4]
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(2%) G8 P[14] (2%) and mixedinfections (6%) (Naficy ef al, 1999). A decade later

another Egyptian hospital based study in Cairo that enrolled children 1 month to 18
years old, reported that G2P[4] was still the most prevalent strain accounting for

41% ofall strains, followed by G1P[8] (17%), G9P[8] (7.8%), G12 P[6] (7.8%),
while non-typeable and mixed strains represented 7.9% and 6.5% of cases
respectively (Kamel efal, 2009).
In Saudi Arabia (2002-2003), G1P[8] accounted for 60.7% of cases, followed

by G9P[8] (16%), G9 P[4] or P[6] (14.2%), while G1P[6], G3P[8] ( 3.5% each) and
G2P[4] accounting only for 1.7% of strains (Tayeb ef al, 2008). Another study in
Saudi Arabia (2004-2005) found that G1P[8] strains accounted for 44%, followed by

G2P[4] (20%), G9P[8] (11%), G12P[8] (4%), and G3P[8] (4%) of isolates (Kheyami
et al, 2008). In Kuwait the most predominant G type was G1 accounting for 63.8%
ofstrains, followed by G9 (10.2%), G2 (7.3%), G4 (7.3%) and G3 (4.4%) (Marmash
et al, 2007). In Iraq, a study between March and May 2005, showed that G1P[8]
accounted for 33% ofisolates, followed by G4 P[8] ( 21%), G2P[4] ( 11%), G1P[6]
(11%), and G9P[8] (11%) and unusual combination of P[6]G9 wasisolated in one
child (Ahmedef al, 2006). In Oman (2006-2008) the most prevalent G types were
G2 (37%), G1 (16%), and G9 (11%) and of the P typing P[4] accounted for (41%),
P[10] (6%), P[8] (4%) and 44% were non-typeable (Al Awaidyef al, 2009).
In Libya, a single study investigated the diversity of rotavirus strains with a
small sample size of 73 children during April-May 2000, in a small city (Misurata)

and reported that G1P[8] (46%), G9P[8] (34%), G1P[6] (11%) G2P[4] (3%) and
G1P[NT] (6%)strains were circulating (Cunliffe er al, 2001a).
Wetherefore initiated a one-year study to identify the major circulating strains in
Tripoli, the capital city of Libya.
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4.3.1
4.3.1.1

Laboratory procedures:
Rotavirus detection
Faecal specimens were individually screened for rotavirus antigen as

described in Chapter Two.
4.3.1.2

Extraction of dsRNA
Rotavirus positive stool samples were suspended in phosphate buffered saline

at a concentration of 10%. Suspensions were clarified by centrifugation and viral
dsRNA was extracted with a commercially available viral RNA extraction kit as

described in Chapter two.

4.3.1.3

Polyacrylamidegel electrophoresis
Rotavirus E-types were determined by running the extracted dsRNA on a

10% polyacrylamide gel. Strains Wa (G1P[8]) and KUN (G2P[4]) were used as
reference strains in each electrophoresis run, representing long and short E-types
respectively. The gels were run at 16mA for 20 hours, and subsequently silver
stained using the method described by (Nakagomief al, 1988b). The stained gels
were then photographed. Rotavirus genomeprofiles that could not be categorized as
short or long pattern were labelled as Indeterminate. Further details were described in
Chapter Two.

4.3.1.4

RT-PCR genotyping

G typing
This was described in detail in Chapter Two. Briefly, G type was determined
using hemi-nested, multiplex RT-PCR and type —specific primers (Gouvea ef al,

121

1990, Das ef al, 1994). Consensus primer 9Conl and 9Con2 were used in thefirst
RT-PCR round for 20 cycles to produce a 904bp VP7 gene fragment; 9Con] was
then used in a second round PCR (30 cycles) with type specific primers, collectively

known as G9 Pool, 9T-1(G1), 9T-2 (G2), 9T-3 (G3), 9T-4 (G4),106 (G8) 9T-9b(G9).
The amplification products were resolved by using electrophoresis on a 2% agarose
gel and visualized with UV trans- illumination after ethidium bromide staining. The
G types of the faecal samples were analyzed by comparing the size of the second-

round PCRproduct with the amplification products of prototype reference strains.

P typing
The VP4 gene characterization was performed using hemi-nested, multiplex
RT-PCR and used consensus and type-specific primers for P typing, consensus
primers Con2 asa reverse primer and Con3 as a forward primer (Gentsch er al, 1992)
were used in a first round RT-PCR (20 cycles) to generate an 887-bp fragment of
gene 4; Hum ComS5 wasthen used in second round PCR (30 cycles) with type
specific primers, collectively are known as G4typing, P[8], P[4]. P[6], P[9] (Uchida
et al, 2006). RT- PCR products were resolved by electrophoresis on 2% agarosegel,
then stained with ethidium bromide, and visualised by UV transillumination.
Samples co-migrating with reference strains of known genotype were assigned to
that genotype.

4.4

4.4.1

Results

Electropherotypes

A total of 340 samples were rotavirus ELISA positive. Of these, E-types
could be assigned to 246 (72.3 %) of the samples. These included 240 (70.5%) with
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long patterns and 6 (1.8%) with short pattern. The remaining 72 (21.2%) samples had
indeterminate patterns, while 22 (6.5%) samples had no visible RNA bands which
may have beenrelatedto insufficient viral particles in the specimens (Table 4.1).

Table 41

Distribution of rotavirus electropherotypes

E-types

N

%

Long

240

70.5%

Short

6

1.8%

Indeterminate

72

21.2%

Negative

2

6.5%

340

100%

Total

Seventeen different E-types, designated (E1-17), were observed among 240
samples with long E-types. The most predominant pattern was El. It was seen in
(162/240, 67.5%) of all long E-types and was detected throughout the study period
and was associated with 95% of G9 strains. The second most predominant E-type
was E6 which accounted for 24/240, (10%) of long patterns and was mainly
associated with G1 strains, followed by E8 (12/240, 5%), and E4 (9/240, 3.7%). The
remaining patterns (E2, 3, 5, 7 and 9 - 17) were seen less frequently and occurred
sporadically over the period of study (Table 4.2 and Figure 4.1).
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Table 42

Distribution of rotavirus electropherotypes according to G types

E-type

G1

E1

5

E2

2

G1/G9

2

G2

G3

G4

1

G9

GNT

154

Total

162
2

4

4

E 3
E 4

9

9

E 5

7

7

E 6

24

24

E7

4

4

E 8

10

E9

E 10

4

E 11

2

E12

2

2

12

1

1

4
1

3
2

E 13

1

E 14

1

2

2

E 15

1

1

E 16

1

1

E17

1

1

short
Indeterminate
No band
Total

6
28

1

3

‘i

8
105

3

10

1
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13

1

22

213

1

340

Figure 41 Electrophoretic migration profiles of rotavirus dsRNA showing
different bands and electropherotypes of G1, G4 and G9 strains; Wa and KUN
wereran ascontrols.
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4.4.2

Rotavirus genotyping

A total of 340 (31.2%) specimens with positive ELISA for group A rotavirus
antigen were included. These samples were investigated for G and P types (Figure
4.3, 4.4; and Table 4.3).

Table 43

Distribution of rotavirus G and P genotypes
N= 340

Rotavirus types
G

213 (62.6%)
105 (30.9%)
10 (2.9%)
7 (2.1%)
1 (0.3%)
3 (0.9%)
1 (0.3%)

G9
Gl
G2
G4
G3
G1/G9
GNT
P

328 (96.5%)
10 (2.6%)
1 (0.3%)
1 (0.3%)

P[8]
P[4]
P[9]
P[NT]
Combined G and P

212 (62.4%)
105 (30.9%)
10 (2.9%)
7 (2.1%)
3 (0.9%)
1 (0.3%)
1 (0.3%)
1 (0.3%)

G9P[8]
G1P[8]
G2P[4]
G4P[8]
G1/G9P[8]
G3P[9]
G9P[NT]
GNTP[8]
NT=not typeable
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G typing
The rotavirus genotypes are shown in Table 4.3. For G typesall 340 rotavirus
specimens were successfully typed except one. The most prevalent VP7 type was
G9, which was identified in 213 (62.6%) samples. The second most common
genotype was G1, which accounted for 105 (30.9%) samples, followed by G2 in 10
specimens (2.9%), G4 in 7 specimens (2.1%), and G3 in one sample. Three samples
(0.9%) had mixed infections with G1/G9 genotypes and one sample was G nontypeable (Figure 4.2 and 4.3).

2.1%

BGI
30.9%
8 G2

G4
@ Others

Figure 42

Distribution of rotavirus G types

Others, includes G1/G9, G3, GNT
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Figure 43 Ethidium bromide stained agarose gel showing G type- specific
PCR products.
Lane L: 100-bp DNAladder.
Lanes (1, 3-7, 10, 11, and 13): gu amplification product of 9 different Libyan VP7 G9
genotypes.

Lanes (2, 8, 9, 12): 2" amplification productof 4 different Libyan G1 VP7 genotypes.

Lanel4: 2" amplification product of positive control (G2 genotype)
Lane 15: 2™ amplification product of negative control (water)
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P typing
All samples were P typed except one sample, which was P[NT]. Four out 340
rotavirus-positive samples were typed only after using a degenerate P typing primer.
The most prevalent P type was P [8] in 328 (96.5%) specimens. The second most
common P genotype was P[4] identified in 10 (2.6%) samples and P[9] in one
sample, (Table 4.3; Figure 4.4). The P[9] identity was confirmed by DNA
sequencing (data not shown).
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Ethidium bromidestained agarose gel showing P type- specificPCR

Lane L: 100-bp DNAladder.

Lane(1-4 and 7-13): 2" amplification product of 11 different Libyan P[8] VP4 genotypes.
Lane(5 and 6): 2" amplification product of two different P[4] VP4 genotypes.
Lane 14: 2"! amplification product of positive control (P[8] genotype).
Lane 15: 2" amplification product of negative control (water).
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Combined G andP types
Five P and G genotype combinations were identified. The most common
combination was G9P [8], which was detected in 212 (62.4%) samples, followed by
G1P[8] in 105 (30.9%) samples, G2P[4] in 10 samples, (2.9%), G4P[8] in seven
samples, (2.1%) and G1/G9P[8] in three samples, (0.9%). The unusualstrain G3P[9]
wasdetected in onecase. Finally, G9P[NT] and GNT P[8], were found in one sample
each (Table 4.3 and Figure 4.5).

21%

XO G9P|8]

1go

OB GIP{[8]
EG2P/4]

30.9%

0 G4P{8]
@ other

Figure 45

Distribution of rotavirus G/P types

*Other includes G1/G9P[8], G3P[9, G9P[NT], GNT P[8].
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4.5

Discussion
This study has characterised 340 rotavirus strains collected over a one-year

period in Tripoli, Libya. Seventeen different E-types were detected among the 240
rotaviruses with long RNA-profiles. The most predominant E-type was (E1) which
circulating throughout the study period. The presence of huge electropherotypic
diversity in this study is in agreement with those reported in several studies
elsewhere (Tazi-Lakhsassiet al, 1988, Yap ef al, 1992). In addition, the observation
of a single predominant E-type in a certain rotavirus season is similar to those
reported from Melbourne (Australia) (Rodgeret al, 1981) and Papua New Guinea
(Albert et al, 1983).
The presence of a wide genomicdiversity could be related to the reassortment
events which occur as a result of mixed infections between humanstrains or animal
and humanstrains. An alternative explanation of this diversity could be due to the
accumulation of point mutations. The long RNA patterns were mainly associated
with G1, G3, G4, G9 genotypes. Surprisingly, a single G2 strain wasassociated with
long E-type. This unusual combination could have arisen by reassortment. A similar
finding was also observed in a winter outbreak of diarrhoea in India (Krishnanet al,
1994).
It is well known that rotavirus gastroenteritis is a major problem in animals
especially in young calvesand piglets (Martella ef al, ). Several studies have shown
infection of humans by direct contact with domestic pets, such as feline and canine
rotavirus strains spread into human population as whole viruses (Nakagomi &
Nakagomi 1989, Nakagomi ef al, 1990a). Other study has documented that bovine
rotavirus strains were involved in reassortment with humanrotaviruses leading to

emergenceof unusualstrains (Cookef al, 2004).
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In the present study the questionnaire did not include information onhistory
of animal contact with diarrheic child. Furthermore there is lacking of information
which would permit a complete evaluation of any risk which animal rotaviruses
cause to Libyan population, especially there is no data on rotavirus circulating in
animals in Libya.
This study characterised G and P types of 340 rotaviruses among whichfive
G/P combinations were recognised. All G and P types were characterised with
conventional primers, except for four VP4 types, which were typed after using
degenerate primers. The reason forfailure to type these strains by using conventional
primer is not clear. A more likely explanation is that the VP4 sequence of these
strains is too divergent to be amplified by primers con2 and con3. The divergence
VP4 sequence could be related to the accumulation of point mutation at primer
binding sites. The detection of point mutations in the primer binding site in P[8]
strains has been previously recognized by other studies in the UK, which designed
an alternative P[8] primer deg P[8] 1T-1D (Iturriza-Gomaraer al, 2000b).
Only onestrain of each G and P type could not be assigned. The reason for
their failure to G or P typeis unclear, but it could not be the degradation of RNA as
both strains had visible E-types of long pattern and either G or P was typed. The
most likely explanation is that they may possess uncommon sequencesresulting in
primer mis-match, or alternatively unusual G or P types. Since first round RT-PCR
product could not be obtained, these strains would require adaptation to cell culture
to further investigate.
Rotavirus G9 was the predominant G-type identified in this study. Its
frequency washigher than the global proportion of 4.1% reported for the 1989-2003

seasons and 21.5% in the 2004 -2008 seasons (Santos & Hoshino 2005, Widdowson
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2008). All G9 genotypes were associated with P[8] VP4 type and long E-type, which
is in agreement with moststudies throughout the world (Rahman et al, 2005a, Santos
& Hoshino 2005). The clinical and molecular characterization G9 strains will be
discussed in detail in Chapter Five.
The G1 type was detected as the second most common genotype in this study
(30.9%), and was mostly associated with P[8] VP4 specificity. This proportion is
lowerthan global figures, in which G9 wasreported to account for 64.7% and 43.5%
of global rotavirus collections during 1989-2004 and 2004-2008 respectively (Santos
& Hoshino 2005, Widdowson 2008). Furthermore, the prevalence of G1 was lower

than a previous report from Libya (57%) (Cunliffe ef al, 2002a) and lower than
reported in neighbouring countries of the Middle East. For instance, Saudi Arabia
reported that G1 represented 39.6%-53% of cases (Kheyamief al, 2006). In Kuwait
it represented 63.8% of cases (Marmash et al, 2007), 38% in Iraq (Ahmeder ai,

2006), 58% and 29% in Tunisia (1995-2004 and 2003-2005) (Chouikhaet al, 2007,
Sdiri-Loulizi et al, 2008), in Turkey, G1 ranged from 59.4% to 75.1% (Kurugolefal,
2003, Bozdayiet al, 2008). In contrast the proportion of G1 in the present study was
higher than those reported in Egypt which ranged between 13% - 17% (Naficyet al,
1999, Kamelef al, 2009). In both Egyptian studies the most predominant rotaviruses
were G2strains.
G2 wasthe third most frequent rotavirus strain, with a proportion 10 (2.9%)
that is lower than global figure of 12% (Santos & Hoshino 2005). Compared with
neighbouring countries, the proportion of G2 was lower than reported in Egypt, Iraq
Saudi Arabia, Kuwait, Oman and Turkey which represented, 53.9% - 67%, 17%,

4.2% -22%, 7.3%, 37% and 3.9% respectively (Naficy et al, 1999, Ahmed et al,

2006, Kheyami ef al, 2006, Marmashetal, 2007, Bozdayiet al, 2008, Kheyamietal,
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2008, Kamelet al, 2009). In Tunisia, the nearest country to the place ofthis study,
rotavirus G2 strain was not identified at all in some reports (Trabelsi et al, 2000,

Sdiri-Loulizi et al, 2008), while in one study it accounted for only 2% of strains
(Chouikha ef al, 2007).
Serotype G3 was identified for the first time in Libya in this study; it was
found only in one sample. This serotype is reported to represent 7.2% of strains
globally (Santos & Hoshino 2005); neighbouring countries have reportedthis strain
previously (e.g. 9%-52.9% in Tunisia) (Chouikha et al, 2007, Sdiri-Loulizi et al,
2008). In Egypt, G3 accounted for 6.5% of strains (Radwanef al, 1997). In Saudi
Arabia it ranged between (4% -11%) (Kheyamief al, 2006, Kheyamief a/, 2008). In
Kuwait, G3 accounted for 4.4% of strains (Marmashef al, 2007), and in Turkey it
accounted for 1.5-3% of strains (Kurugolet al, 2003, Cataloluk et al, 2005, Bozdayi
et al, 2008). Recently, G3 has predominated in Japan and China (97.5% and 88%,
respectively) (Phan et al, 2007c, Wangef al, 2007).
A study in Japan reported that G3 rotavirus strain isolated from child with a
pet cat was similar to a feline rotavirus strain (Nakagomi & Nakagomi 1989).
Furthermore in a survey of healthy cats in an animal shelter in Australia in 1984
revealed that 5% shed G3 strain of group A rotaviruses (Birch ef al, 1985).
Comparison of genetic sequences of human and animal rotaviruses often shows close
identity. However amino acid and nucleotide sequence analysis revealed that G3
rotavirus strain identified in this study had close identity to humanstrains.
Serotype G4 accounted for seven (2.1%) of analysed strains in the present
study. This proportion was lower than the global figure of 11.6% (Gentsch ef al,
2005, Santos & Hoshino 2005), and also lower than those reported in neighbouring
countries, such as, Tunisia (10-13.8%) (Trabelsi et al, 2000, Chouikha et al, 2007),
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Egypt (17.7%) (Radwan et al, 1997), while it was not detected in other studies
conducted thereafter (Naficy ef al, 1999, Kamelef al, 2009), Saudi Arabia (3-22.8%)
(Kheyami ef al, 2006, Kheyami et al, 2008), Iraq (7.3%) (Ahmed er al, 2006),
Turkey (3.1%) (Bozdayi et al, 2008). In Iran, G4 was detected as the most prevalent
serotype accounting, for 30.9% of strains during 2006-2007 (Eesteghamati ef al,

2009).
The VP4 types were successfully identified in all rotavirus positive samples
except one specimen. The P[8] genotype was the most commonlyidentified, which is
the most common global P-type (Santos ef al, 2005, Khamrin er al, 2006). The
proportion in this study however was higher than the global distribution and those
previously reported from Libya (75%-80% respectively) (Gentsch ef al, 1996,
Cunliffe et al, 2001a) and higher than those reported in the neighbouring countries
(Tunisia, Iraq, Kuwait, Turkey, Saudi Arabia and Egypt which represented 32% 86%, 71%, 77.3%, 68%, 89%, and 11% - 42.1%, respectively) (Naficy er al, 1999,
Trabelsi et al, 2000, Ahmedef al, 2006, Chouikhaef al, 2007, Marmashef al, 2007,

Bozdayiet al, 2008, Kheyamier al, 2008, Kamelet al, 2009).
The P[4] VP4 genotype which is the second most commonP type worldwide,
was detected in only 10 (2.6%) of isolates in this study, which is similar to the
previous Libyan figure (Cunliffe ef a/, 2001a), but lower than the global estimate of

9% (Gentsch ef al, 1996) and lower than those reported in Tunisia 13%-22%
(Trabelsi et al, 2000, Chouikha er al, 2007), Egypt 51.3- 73% (Natficy ef al, 1999,
Kamel et al, 2009), Saudi Arabia 9%-20% (Kheyami ef al, 2008), Kuwaiti (9%)
(Marmashef al, 2007), Iraqi (11%) (Ahmedef al, 2006) and Turkey (8%) (Bozdayi
et al, 2008).
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The P[9] VP4 genotype wasidentified in one sample. This strain has not been
reported from Libya. In the Middle East region, it was reported in Israel and
accounted for 3.8% of samples in association with G1 and G3 during the 1992-1994
season (Silberstein et al, 1995). Globally P[9] has been found sporadically and was

detected for the first time in association with G1 in Japan in 1977 (Taniguchiefal,
1989). The second P[9] (AU-1 strain) was isolated in association with G3 from an
infant with gastroenteritis in 1982 (Nakagomief al, 1985, Nakagomietal, 1987).
Mixedinfections (G1/G9) were identified in 3 samples (0.9%). This was only
documented by PCR,and there was no evidence of mixed infection by PAGE. Mixed
rotavirus infections have not been reported from Libya (Cunliffe ef al, 2001a).
Although the present study was conducted in a large and crowded city, the
proportion of mixed infections was unexpectedly low and lower than the global
figure of 2.6%. It is also lower than those reported from neighbouring Middle East
countries, such as Tunisia, Saudi Arabia, Kuwait, Iraq and Egypt (Santos & Hoshino
2005, Chouikhaef al, 2007, Marmasher al, 2007, Kheyamier al, 2008, Kamelet al,

2009). Several studies in developing countries, such as Bangladesh, Brazil and India
have reported a high frequency of mixed infections (Ahmeder al, 1991, Timenetsky
Mdoet al, 1994, Ramachandranet al, 1996). The low prevalence of mixed infections
in this study however was similar to those reported from developed countries
(Gentschef al, 1996, Santos & Hoshino 2005).
When mixed rotavirus infections are identified using PCR, the results should be
interpreted carefully, as the possibility of unspecific primer binding has to be
considered. In addition, in mixed rotavirus infections the rotavirus strains could

present at different concentration which may produce unequal degree of PCR

amplification, which makes the analysis of the gel band pattern difficult. In addition
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the possibility of contamination exists, when examining large number ofstool
specimens by PCR(Fischeref al, 2005b, Nielsen et al, 2005).
In the present study, five different G-P combinations have been identified.
The predominant combination, G9P[8], accounted for 212 (62.4%) which was higher
than the global figures of 2.7% and 21.5% during the 1989-2004 and 2004 -2008
seasons, respectively (Santos & Hoshino 2005, Widdowson 2008).
To date, only seven studies have reported G9P[8] detection rates as high as
those in this study, with proportion of 91.6%, 90%, 83.6%, 75%, 74.5%, 73.4%, 68.9
in Chiang Mai, Thailand; Portugal; Italy; Paraguay; Salvador, Brazil; France and

Alice Springs Australia, respectively (Kirkwoodef al, 2003, Parra et al, 2005, Santos
et al, 2005, Khamrin et al, 2006, Rodrigues et al, 2007, De Rougemontef al, 2008,
Giaquinto et al, 2008).
Although, the G9 strains have beenidentified most commonly in association
with P[8] specificity, a wide range of P types have been reported in association with
G9 types including P[4], P[6] (Zhou er al, 2001), P[11] in nurseries in New Delhi
(Das et al, 1994), and P[19] (Okada etal, 2000). However, in this study and in the
previous Libyan study which was conducted in 2000, all G9 strains were in
association with P[8] specificity. In both Libyan studies low frequencies of mixed
infection have been reported, thereby there was less opportunity for rotavirus
reassortments to occur, which may explain detection of G9 strains with only P[8]
specificity and with long E-type.
The G1P[8] strain (30.9%) was the second most prevalent combination in the
present study. This is the predominant strain circulating throughout the world,
accounting for 60% of global isolates (Santos & Hoshino 2005). The detection rate

of G2P[4] (2.9%) in this study was lower than the global figure of 12 % (Santos &
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Hoshino 2005). Rotavirus G4P [8] strain accounted for 2.1% ofall isolates. This
proportion was lower than the global figure which was responsible for 8% ofall
rotavirus infections (Santos & Hoshino 2005).
An unusual G3P[9] strain was detected in one hospitalised child. This strain
has more commonly been isolated from cats (Isegawa ef al, 1992). Surprisingly, it
was isolated only once in the Middle East region, in Israel during the 1992-1994
season (Silberstein et al, 1995) . However, the first P[9] (AU-1 strain) was isolated in
association with G3, from infant with gastroenteritis during rotavirus season1982 in
Japan (Nakagomi ef al, 1985). Since then G3P[9] has been detected sporadically in
humans. Recently, it has been identified in USA, Japan, Spain, Thailand, andItaly
(Griffin et al, 2002, Inoue & Kitahori 2006, Sanchez-Fauquier ef al, 2006, Khamrin

et al, 2007, De Grazia et al, 2008).

4.6 Conclusion
This study has reported the prevalence of five different G-types with wide
genomic diversity amongrotavirus strains circulating in Libya. The most remarkable
feature was the large number of G9 strains. Current rotavirus vaccines are not
specifically designed to provide protection against disease caused by this genotype.
Therefore, it is crucial to continuously monitor for G9 strains in order to evaluate the
impact of prospective vaccines on rotavirus strains circulating in Libya and to

identify new variantstrains that may emerge after a program ofvaccination begins.
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CHAPTER FIVE
CLINICAL FEATURES AND MOLECULAR
CHARACTERIZATION OF ROTAVIRUS G9 STRAINS
DETECTEDIN LIBYA

5.1

Introduction
Rotaviruses are genetically diverse and have beenclassified into 23 G and 31

P genotypesonthebasis of differences in deduced amino acid sequences of the VP7
and VP4 genesrespectively (Khamrin et al, 2009, Ursuef al, 2009). However, to
date only 12 G and 12 P genotypes have been identified in humans (Desselbergerer
al, 2009, Solberg et al, 2009). Of these G1, G2, G3, G4 in association with P[8] or
P[4] types and more recently G9 rotaviruses are the most commonrotavirus strains
causing gastroenteritis in children worldwide (Santos & Hoshino 2005, Widdowson
2008). Serotype G9, which emerged globally around the turn of the century,
accounted for 4.1% of a global collection spanning 1989-2003 (Santos & Hoshino
2005). More recently, G9 was documented to account for 21.5% of global isolates
reported between 2004 and 2008 (Widdowson2008).
A large proportion of G9 rotavirus strains (62.6% out of 340 rotavirus
isolates) were detected amongdiarrhoeic children in Libya between 2007 and 2008
(Chapter 4).

In this

Chapter, the G9

strains are subjected to molecular

characterization by PAGEandby nucleotide sequencing. Their genetic relatedness to
each other and to G9 strains previously reported from this region and from elsewhere
in the world is examined.
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5.2

5.2.1

Literature review

Historical background of G9 strains
Rotaviruses of serotype G9 have typically been associated with infection in

humans, but have infrequently been detected in animals such as pigs and sheep
(Hoshino & Kapikian 1996, Desselberger ef al, 2001). The first reported human G9
rotaviruses were detected in children with diarrhoea in Philadelphia, US in the 198384 season (Clark et al, 1987). However, a recent retrospective study has identified
G9 strains in stored diarrhoeal stool samples at the Children’s Hospital National
Medical Centre, Washington, USA,dating back to 1980, which could be regarded as

the earliest human G9virusesisolated (Cao ef al, 2008).
Followingthe first report of G9 strains in the US in 1983 (Clarket al, 1987),
the second report of human G9strains (designated F45 and AU32), were reported
from Japan,in the 1985-1986 rotavirus season (Nakagomief al, 1988a, Nakagomief
al, 1990b). In the same year, a study in India identified G9 strains (prototype strain,
116E) among asymptomatic neonates (Das ef al, 1993, Gentsch ef al, 1993).
Furthermore, in 1989, serotype G9 rotaviruses were identified in stool samples of
Thai children (Okadaef al, 2000).
Surprisingly, since their first detection in the US and Japan, G9 strains were
not reported to occurin either country for a decade but re-emerged in both countries
in the mid 1990s (Zhouet al, 2003, Clark er al, 2004). Since then, manystudies have
reported G9strains across all continents.
In Asia, G9 strains have been detected in several countries including
Thailand, where G9 wasfirst detected in 1989 in Chiang Mai in combination with

P[19] (Okada ef al, 2000), and in Japan between 1995-1997 (Zhou ef al, 2001). In
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India, G9 strains were reported in 1993 (Dasef al, 1993), in Bangladesh G9 became
the predominant serotype in the 1996 season (Unicombef al, 1999) and in Malaysia
in 2001-2003 (Hung ef al, 2006). In Australia, the emergence of G9 strains as
epidemiologically important rotavirus strains have been reported since 1997
(Kirkwoodet al, 2003). Serotype G9 strains have also been reported from China in
1999-2003 (Orenstein ef al, 2007).
In Africa, G9 strains have been detected across the continent since 1997. In

Malawi they were first identified during the 1997-98 season, in Nigeria G9 was
reported in the 1998-99 season, in Ghana G9 was identified as a predominant
genotype during the1998-2000 seasons (Cunliffe ef al, 1999, Steele et al, 2002,
Armahet al, 2003); and in Kenya G9 wasreported in 2000 (Cunliffe ef a/, 2001a).
In Europe, G9 strains have been reported from the late 1990s through the
2000s, for instance in the UK and Hungary G9 emerged between 1995 and 1998 and
in Belgium G9 was identified during the 1998-2003 rotavirus seasons (IturrizaGomaraef al, 2000a, Banyai ef al, 2004b, Rahmanef al, 200Sa). In France, G9 was

first detected in 1995-98 seasons (Bonef al, 2000), in Ireland between 1997and1999
(O'Halloran ef al, 2000), in Italy in 2001-2002 (Martella er a/, 2003), and in Portugal
in 2007 (Rodriguesef al, 2007).
In Latin America, G9 strains were reported in Brazil during the 1997-1999
seasons, in Ecuador between 2003 and 2006, in Colombia in 2004 (Santos et al,

2001, Endara ef al, 2007, Ospino et al, 2008), and in Argentina G9 wasfirst

identified from samplescollected in 1980 (Barril ef al, 2006).
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5.2.2

Prevalence of rotavirus G9 strains in the Middle East region
The prevalence of infection with G9 strains in the Middle Eastern countries

ranged between 2% and 34% ofall isolates. In Tunisia, G9 genotypes accounted for
2% ofstrains from 1995 to 2004 (Chouikhaef al, 2007) and 5.6% from 2003 to 2005
(Sdiri-Loulizi et al, 2008). In Morocco G9 represented 30.5% of strains (Benhafid er
al, 2009), in Egypt 9.2% in 2006 -2007 (Kamelet al, 2009), Saudi Arabia 30.2% and
11% during 2002-2005 and 2004-2005, respectively (Kheyamiet al, 2008, Tayeb er

al, 2008), Iraq (11% in 2005) (Ahmeder al, 2006), Kuwait (10.2% in 2006-2007)
(Marmashetal, 2007). In Oman, G9 wasdetected in 11% of rotavirus cases in 20062008) (Al Awaidy ef al, 2009); in Turkey it accounted for 17.2% of all cases
(Bozdayiet al, 2008), in Israel was (9.3% in 2007-2008) (Muhsener al, 2009), and
in Iran G9 accounted for 15.5% ofstrains (Farahtaj et al, 2007).

The first G9 strain isolated in Libya between March and May 2000, was the
second most prevalent genotype accounting for 34% of cases in a small study
(Cunliffe et al, 2001a), since then, there have been no published data describing the
diversity of rotavirus strains circulating in Libya. The distribution of rotavirus G9

strains in Middle East countries is shownin Figure 5.1.
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PALESTINE]

Figure 5.1 A map of Middle Eastern countries showsthe distribution of
rotavirus G9 strains (indicated bystars).

5.2.3

Diversity of G9 strains

Serotype G9 strains have been reported in association with a wide variety of
VP4types, including P[4] (Zhou ef al, 2001, Armah et al, 2003, Santoset al, 2003),

P[6] (Unicombetal, 1999, Adah et al, 2001, Armah et al, 2003), P[10] (Armah etal,
2003), P[11] (Gentsch et al, 1993, De Donnoet al, 2009) and P[19] specificity in
Thailand (Okada et al, 2000). However, P[8] is regarded as the most prevalent VP4
type associated with G9 (Santos & Hoshino 2005).
The recently emerged G9strains have also been detectedin association with a
variety of subgroup specificities (SGI or II), and E-types (long or short). This
indicates a propensity of strains containing G9 to undergo reassortment which mayin
part be related to high frequency of mixed infections particularly in children in

developing countries (Unicombefal, 1999).
Seven different constellations have been found among G9 strains in

developing countries such as G9P[4] with short E-type and SGII in Brazil (Araujo er
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al, 2001, Gouvea et al, 2007) and Thailand (Zhou ef al, 2001). The G9P[4]
rotaviruses with long E-type and SGII have been reported in manysettings such as
Ghana (Armahet al, 2003), Paraguay (Parra et al, 2007) and Turkey (Bozdayier al,
2008). The G9P[6] strains with short E-type and SGI were reported sporadically in
different geographical locations such as the US (Kirkwood er al, 1999), Brazil
(Araujo et al, 2001), Argentina (Bok et al, 2001b) and Ghana (Armahef al, 2003).
Rotaviruses of G9P[6] with long E-types and SGII were identified in Kenya
(Cunliffe et al, 2001a), in India (Sharma ef a/, 2008),. The G9P[8] strains with short
E-type and SGIhavesofar been reported in Bangladesh and Turkey (Unicombefal,
1999, Bozdayi ef al, 2008) and rotaviruses with P[11]G9, long E-type, and SG II
specificity in India (Daset al, 1994).
However, the most prevalent G9 strains have been identified in association
with P[8] types with long E-type profiles and SGII, which have been reported in
several studies across all continents such as Libya, Cuba and Kenya (Cunliffe er al,
2001a), Iraq (Ahmedet al, 2006), Saudi Arabia (Kheyamief a/, 2008), and Turkey
(Bozdayiet al, 2008). Many studies have suggested that G9P[8] strains have
emerged through reassortment in humans between G9strains introduced recently,
and concurrently circulating G1, G3 and G4strains with P[8] specificity (IturrizaGomaraet al, 2000a, Arista et al, 2004).
The molecular features of the recently emerged G9 strains are unlike those
identified in the 1980s in the US and Japan (Laird et al, 2003). To date, sequence
analysis of the VP7 gene of various G9 isolates has shown the presence of three
phylogenetic sequence lineages. Lineage I includes G9 strains (W161-like) which
were identified in United States in1983 and two otherstrains (F45 and AU32) which

were reported in Japan in 1985-86 (Nakagomief al, 1988a, Nakagomier al, 1990b).
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LineageII includes only G9 strains (116E-like) which were isolated in India in 1986
(Dasef al, 1993) and lineageIII includes the majority of G9 rotaviruses which have
emerged and re-emerged since mid 1990s to date (Ramachandranefal, 2000, Bok et
al, 2001b, Santoset al, 2001).

5.3.

5.3.1

Materials and methods

Laboratory investigation

Rotavirus antigen detection, ds RNA extraction, PAGE and RT-PCR were performed

as described in Chapter Two.

5.3.1.1 Determination of nucleotide sequences
A representative sample of each unique G9 strain as determined by
examination of E-type was selected. DNA was amplified for the VP7 gene of each
representative strain, by using consensus primers 9conl and 9con2 in first-round
RT-PCR. RT-PCR products were purified by using spin columns according to the
manufacturer’s instructions (Qiagen, Chatsworth, CA). The purified DNA products
of each representative strain were sequenced by using consensus primers 9con] and
Qcon2 by Lark technology laboratory, Essex, UK. Sequences were received
electronically.

5.3.1.2 Nucleotide sequence and phylogenetic analysis
G9 sequences were inspected and corrected using Editseq and prepared using
SeqMan II (DNA STAR, Madison, WIS, USA). Multiple-sequence alignment
analyses were calculated by using the ClustalW algorithm. Phylogenetic and

molecular evolutionary analyses were conducted using MEGA version 3.1 and the
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neighbour-joining method. The phylogenetic tree for the VP7 gene of six
representatives G9 strains and reference strains were constructed based on the
neighbouring-joining method by the ClustalW method and drawn using the Tree
view program. The representative nucleotide sequences were compared with the
sequence databases at NCBI using the BLASTserver.

5.4

Results

5.4.1

Demographic characteristics of children infected with G9 strains
The proportion of G9 strains was (213/340, 62.6%). G9 strains were detected

in all age groups. There was no significant difference between median age of
children with G9 rotavirus diarrhoea and those with non G9 diarrhoea (10 months;

IQR 7-15 months vs. 10 months; IQR 7-14 months, p=0.9). Rotavirus diarrhoea
associated with G9 strains occurred more commonly within the age group from 18 to
23 months than those with non G9 strains (21(10%) vs. 4 (3%), respectively, p=
0.03). There was no significant difference of between G9 and non G9 rotavirus
diarrhoea amongother age groups (Table 5.1).
Table51
Age group

( months)
1-5
6-11

12-17
18-23
24-29
30-59

Age distribution of G9 and non G9strains
G9strains

Non G9strains

101(47)

53 (42)

N (%)
26 (12)

40 (19)
21 (10)
15 (7)
10 (5)

i

N (%)
19 (15)

value
0.5

33 (26)
4 (3)
9 (7)
9 (7)

0.15
0.03
0.83
0.49
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0.36

Thedetection rate of rotavirus G9 strain was higher amonginpatients (74/99,
74.7%) than amongoutpatientchildren (139/241, 57.7 %), (p=0.003) (Table5.2).
The percentage of G9 strains washigher (58.2%) among male children than among
female children (41.8%), (Table 5.2).

Table 52 Distribution of G9 strains by patient gender, mode of care and RNA
PAGEprofile
Gender
Male
N(%)

Female

124(58) 89 (42)

PAGEprofile

Modeof care
out

In
74 (75)*

139 (58)

Indeterminate

Long

Neg

161 (76)

39(18)

13 (6)

*n<0.001, In= Inpatient, Out= outpatient.

5.4.2

Severity of rotavirus diarrhoea
The severity of the G9 rotavirus associated diarrhoea was classified into

severe and mild according to the modified Vesikari score (Nakagomiscore) using the
20 point severity scoring system, as described in Chapter2.
The score and the cut-off results (< and >12 points) are shown in Table 5.3.
For inpatients and outpatients combined the proportion of severe G9 rotavirus cases
(scores > 12 point) was 199 (93.4 %), which wasa slightly higher than the non G9

rotavirus cases 88.2%. Howeverthis difference wasnotstatistically significant.
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Table 53

Severity score among G9 and non G9 rotavirus cases

Severity score

Rotavirus cases

P value

G9

Non G9

> 12

199 (93.4 %)

112 (88.2%)

<2

14 (6.6 %)

15 (11.8 %)

5.4.3

0.1

Diversity of G9 strains
Of the 213 G9 rotavirus strains examined, an electropherotype could be

assigned to 161 (76 %), and these were exclusively of a long RNA pattern (Figure
5.2). The remaining 39 (18%) were judged to be indeterminate (although RNA bands
were visible), while 13 (6%) samples had no visible RNA bands which may be
explained by insufficient viral particles in theses specimens. Out of 161 G9
rotaviruses with long RNA profiles, seven different E-types designated (El, 8, 11,

13, 15, 16 and E17) were recognised throughout the study period. Electropherotype
El was the most predominant and accounted for 154 (95.6%) of all assigned G9 Etypes. The remaining E-types (E8, 11 13, 15, 16, and 17) have been found
sporadically throughoutthe study period. Out of 213 G9 rotaviruses subjected to VP4
genotyping,all except one strain possessed P[8] specificity, which could not be Ptyped.
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Figure 52 Electrophoretic migration profiles of rotavirus dsRNA, showing
seven representative electropherotypes of G9 strains (Wa and KUN were ran as
controls).RNA segmentsare indicatedto the left.

5.4.4

Sequence and phylogenetic analysis of the G9 VP7 genes
Six representative G9 strains with distinct long RNA electropherotypes were

selected for nucleotide sequencing based onthe difference of migration pattern ofits
genome segments i.e. One random strain from each G9 strains with distinct
electropherotype. The 9con1/ 9Con2 VP7 fragment was sequencedforall
representative strains. Phylogenetic analysis revealed clustering ofall representative
G9 strains into linage III (Figure 5.3). Sequence comparisons and phylogenetic
analysis indicated that the VP7 gene sequencesofall representative G9 strains were

closely related to each other andto other human G9strains and shared a high degree
of homology of more than 98% (data not shown).
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Figure 53

Phylogenetic tree of G9 VP7 genes

The Phylogenetic tree was constructed by the neighbour - joining method. The horizontal
distance connecting two VP7 sequencesis proportion to the genetic distance between these
two VP7 sequences. The distance is expressed as numberof nucleotide substitutions persite.
The branch length for a 2% nucleotide difference is indicated at the top.

The following

humanandporcinereference strains were used for comparison: LineageI AU32_AB045372;

W161_AB180969; F45_AB180970; Lineage II 116E_L14072; Lineage III Mc345_D38055;
608VN_AB091777; R44_AF438227; Recombinant G9/G1 CIT-254AF281044; CMP033_AY707787. The representative Libyan G9strains, designated El, E8, E8*, Ell, E13,

E15 and E16 clustered within linageIII.
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5.5

Discussion
The proportion of G9 strains detected in this study (62.6%), was higher than

in a previous study in a small urban city 80 miles east of Tripoli conducted in 2000,
which reported G9 strains as the second most prevalent genotype, accounting for
34% of cases (Cunliffe et al, 2001a). Furthermore, the proportion of G9 strains in the
present study was also higher than those reported by several studies in Middle
Eastern countries (Ahmedef al, 2006, Chouikha et al, 2007, Farahtaj et al, 2007,
Bozdayi ef al, 2008, Kheyamief al, 2008, Tayeb er al, 2008, Al Awaidy et al, 2009,

Benhafid ef al, 2009, Kamel etal, 2009).
Surprisingly, the high frequency of G9 strains in the present study is
exceeded by those reported by seven other studies throughout the world including,in
Alice Springs, Australia G9 represented 68.9% of cases in 2001 (Kirkwoodef al,
2003), in France G9 represented 73.4% of cases in 2004-2005 (De Rougemontefal,
2008). in Paraguay G9 represented 75% ofall isolates in 1998-2000 (Parra ef al,
2005), in Chiang Mai, Thailand,G9 accounted for 92% of all isolates during the
2000-2001 rotavirus season (Khamrin ef al, 2006); in Salvador, Brazil G9 was
predominant throughout 3 years of surveillance, ranged from 68.9%—90% of all
isolates between1999 and 2002 (Santos ef al, 2005), in Italy 83.6% of cases in 20042005 were caused by G9 (Giaquinto et al, 2008) and in Portugal 90% of cases in
2007 (Rodriguesef al, 2007).
The low percentage of G9 rotavirus infections in children < 6 months of age
and among those aged >2 years in this study may indicate that G9 strains is not
newly introduced in the study population. In contrast to those reported in England
and Nigeria where the newly emerged G9 strains were as common among children

older than 2 years as in youngerchildren (Cubitt et a/, 2000, Steele et al, 2002). The
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most likely explanation for the low number of rotavirus cases in young and old
children in our study couldberelated to the persistent circulation of G9 strains in the
study population. Consequently, younginfants could be protected by the presence of
maternal antibodies (Flores et al, 1994, Saravanan et al, 2004), whereas older
children may have been protected against infection as a result of previousinfection
with the samerotavirus strains (Velazquez ef al, 1996).
The proportion of hospitalised children with G9 rotavirus gastroenteritis was
higher than those with non-G9 rotavirus diarrhoea (p=0.003). This difference may
indicate that G9- associated diarrhoea was more severe than non G9 rotavirus
diarrhoea if hospitalisation is considered as a proxy for the severity of rotavirus
diarrhoea. However, hospital admission in Libya may be influenced by non-clinical
factors, including parental request. Consequently, the scoring system of Nakagomiet
al (2005) has been used in this study to assess the severity of rotavirus diarrhoea.
According to the scoring system, 93.4% of G9 infected children had severe diarrhoea
versus 88.2% of non-G9 strains, which is notstatistically significant. These results
are similar to those reported from the US and Turkey which showednodifference in
the severity of G9 and non G9 rotavirus diarrhoea (Clark ef al, 2004, Bozdayi et al,
2008). In contrast, studies from the United Kingdom and Latin America have
reported that children infected with G9 strains had more severe disease than those
infected with non G9 strains, due to the new introduction of G9 strains in both

communities (Cubitt et al, 2000, Linhares er al, 2006). Taken together, the age
distribution andclinical severity of G9 strains in this study do not support the notion
of a recent introduction of G9 strains into Libya.
The G9 strains which have been detected in this study and in the only

previous published study from Libya (Cunliffe et al, 2001a), were exclusively
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associated with the P[8] specificity and long E-type. This associationis considered to
be a feature of G9 strains in developed countries where these strains are genetically
more stable due to infrequent reassortment events because of a lower percentage of
mixed infections (Rahmanef al, 2005a). Whereas, in developing countries such as
Bangladesh and India, both G9P[6] and G9P[8] strains in association with different
E-type profiles have been co-circulating due to frequent reassortment events as a
result of a high prevalence of mixed infections in these countries (Unicombefai,
1999, Jain et al, 2001a).
On the other hand the present study has shown some genomic diversity
among co-circulating G9 strains as indicated by the presence of seven E-type
variants (Figure 5.2). However a single dominant G9 electropherotype was observed
throughout the study period. The presence of single dominant E-type followed by
minor different E-types has been reported in different settings (Konno ef al, 1984,
Tam ef al, 1986). This genomic diversity is less likely to be due reassortment events
than the gradual accumulation of point mutations (Watanabe ef al, 2001), although
this was not investigated in the current study. Further investigations are needed such
as genogrouping by RNA hybridizations and full genome nucleotide sequencing.
In this study nucleotide sequence and phylogenetic analysis of the VP7gene
of the representative G9 strains showed more than 98% nucleotide and amino acid
identities among themselves, and they were clustered with other recently emerged
G9strains within lineage III (Phan er al, 2007b). However, there is some controversy
regarding the lineage classification of G9 strains; while the traditional classification
has named three lineages, Phan et al.(2007) recently proposed three additional
lineages (IV, V, VI) and 11 sublineages (Phanet a/, 2007b). A further study reported

the existence of six lineages andrejected the presence of sublineages (Martinez-Laso
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et al, 2009a). The nucleotide sequences of theVP7gene of previous Libyan G9 strains
which wereisolated in 2000 are not available. This is because the sequence analysis
was not performedin the previousstudy. In addition the stool samples were routinely
allowed to be stored for a maximum five years in the division of medical
microbiology, after this period the samples has to be incinerated. Therefore it was
hard to know the nucleotide sequence of previous G9 strains. Consequently it was
difficult to decide whether thosestrains spread or new varieties are emerged.
None of the existing candidate rotavirus vaccines includes G9 strains;
however somereports suggest that heterotypic immunity was observedin recipients
of early candidate rotavirus vaccines (Bernstein et al, 1999). For example, the
monovalent vaccine (Rotarix) vaccine is based on single live attenuated serotype
G1P[8] rotavirus strain, and a recent integrated analysis which included four
completed randomized, double-blind, phase II and III studies of Rotarix efficacy in
three continents (Vesikari et al, 2004b, Salinas et al, 2005, Ruiz-Palacioset al, 2006,

Vesikari ef al, 2007b), has shown that the vaccine efficacy against G9P[8]
gastroenteritis of any severity and against severe G9P [8] gastroenteritis were 60%
and 83% respectively (Vos ef al, 2009). In addition, the pentavalent (RotaTeq)
vaccine is composed of 5 bovine — human reassortants is intended to induce
homotypic protection against (G1-G4) plus P[8]. A large clinical trial of the
pentavalent vaccine RotaTeq documented 65% (95% < 0-99.3) protective efficacy
against rotavirus gastroenteritis of any severity caused by G9 strains. This finding
was notstatistically significant due to the small number of rotavirus episodes that
occurred in this clinical trial (Vesikari ef al, 2006b). This apparent cross-protection
maybe explained by sharing of the P[8] antigen of wild-type strains and both Rotarix
and Rotateq vaccines.
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5.6

Conclusion
This study characterized the predominant G9strainscirculating in the capital

city of Libya, during a period of one year. A considerable diversity was recognised
by the finding of seven distinct E-types. A single E-type was, however, predominant
and comprised 95.6% ofall strains. Characterization by sequencing and phylogenetic
analysis of theVP7 genesofstrains representing distinct E-types demonstrated that
these strains formeda closely related cluster to each other and belongedto lineageIII
of G9 strains, which contain strains that are currently circulating throughout the
world. Continued rotavirus surveillance will be necessary to monitor the persistence,
spread and evolution of G9strains in Libya.
Since noneofthe currently licensed rotavirus vaccines include serotype G9,it
will be crucial to investigate the capability of these vaccines to protect against
diarrhoea caused by G9strains. Consequently, if rotavirus G9 types remainto be a
commoncause of diarrhoea in children, it might be necessary to include them in a
future rotavirus vaccine. In this regard, investigators at the National Institutes of
Allergy and Infectious Disease (NIAID) have developed a human-bovine (UK)
reassortant with G9 and G8specificity in addition to serotypes G1, G2, G3 and G4,
thereby formulating a hexavalent vaccine (so-called designer vaccine) which is
currently under development in India, China, and Brazil (Kapikian er al, 2005,
Dennehy 2008).
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CHAPTER SIX
GENERAL DISCUSSIONS AND CONCLUSION

6.1

Introduction:
Diarrhoeal illness remains a major threat to child health and is second only to

pneumonia as the most commoncause of global child mortality. The majority of
children who die from diarrhoea, currently estimated at 1.5 million deaths each year,
are aged less than five years. Nearly 80% of these deaths are located in Africa and
South Asia (UNICEF/WHO 2009). Rotavirus is responsible for about 40% ofall
hospital admissions due to diarrhoea (UNICEF/WHO 2009) and accounts for an
estimated 527,000 of diarrhoea- related mortality or 29% of all deaths due to
diarrhoea amongchildren under five globally each year (Parasharef al, 2009).
The epidemiologyof rotavirus infection has been studied extensively in many
countries, and such studies have been invaluable in informing rotavirus vaccine
strategies (Widdowsonet al, 2009). However, only a few studies have investigated
rotavirus infections in Libyan children. These studies, while limited by their size and
scope, nevertheless documented a rotavirus detection rate of 16.5% to 48%
(Giasuddinet al, 1990, Cunliffe et al, 2002a, Ali er al, 2005).
The current study investigated the clinical, epidemiological, and molecular features
of rotavirus infection in children younger than five years in Tripoli, the capital city of
Libya.
6.2

Epidemiological Aspects of rotavirus diarrhoea:
A total of 1090 children with acute diarrhoea (830 outpatients and 260

inpatients) were enrolled from Al-Jala Children’s Hospital over a one year period.

Rotavirus was detected in 31.2% of children overall, and was detected significantly
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more often among hospitalised children (38%) than in children who attended the
outpatient clinic (29%), [p=0.007].
Ofnote, this study reported that ~90% ofrotavirus disease occurs in children
aged > 6 months, with two-thirds of cases detected in children 6-17 monthsold; only
13% of rotavirus infections were identified in infants less than 6 monthsof age. This
indicates that an effective rotavirus vaccine administered before age of 6 months
would be expected to prevent the majority of rotavirus disease in Libya. Currently
there are two licensed rotavirus vaccines (rotarix and rotateq). Rotarix is
recommendedto be administered orally in a two-dose schedule. Thefirst dose should
be administered to the infants beginning at 6 weeks of age and the second dose
should be completed by 24 weeks of age (FDA 2010). RotaTeq has been
recommendedto be given in 3 doses administered orally in a three-dose schedule,at
ages of 2, 4, 6 monthsof age (Parasharef al, 2006). For both vaccines the minimum
age for dose one is 6 weeks and the maximum ageis recommended to be 14 weeks
and 6 days or 19 weeks and 6 days, according to Advisory Committee on
Immunisation Practices (ACIP) and (GSK), respectively (FDA 2010).
No restrictions are imposed on feeding the children’s before and after
receiving rotavirus vaccine. Breastfed infants should be vaccinated according to the
same schedule as those not breastfed (Cortese & Parashar 2009). The guidelines for
rotavirus immunization are specific for the country or area for which they were
developed. This reflects the relationship between disease burden and socio-economic
status (i.e. mortality in poor resource countries, and economic burden in developed
countries), in addition to the variation of local healthcare practices. These guidelines
varied in their approach, methodology and target group (FDA 2010). Some are
regulatory, outlining the legal use of the vaccine, for instance, vaccine
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dose,

administration, and contraindications) (Rodrigo et al, 2010). While others are
designed from public health point of view and developed by decision makers,
describing the official use of the vaccine within national immunisation schedules
such as universal mass vaccination, risk group approach and on vaccination
(Parasharef al, 2006).
Rotavirus was most frequently detected in the cooler months in Libya
(November-April). The reasonsfor this consistent observation are unclear, but may
relate to low humidity during the cooler months, which may facilitate virus
transmission (Levyet al, 2009).

6.3

Severity of rotavirus disease:
Disease severity was scored according to a modified 20-point scoring system

(Nakagomief al, 2005), which showedthat rotavirus associated diarrhoea was more
severe than non-rotavirus diarrhoea (p <0.001). Furthermore the detection rate of
rotavirus infection was higher amonginpatients than outpatients [(99/260, 38 %) vs.
(241/830, 29%), p=0.007] reflecting severity rotavirus disease. From these data we
can recognize the effect and pressure on the paediatric wards, as most of these
children usually admitted to acute wards, which addpressure to the health system.
Prevention of rotavirus infection by mass vaccination could have a positive
impact onthe incidenceof rotavirus by reducing the number ofchildren hospitalised
for gastroenteritis, therefore reducing the number of hospital cross infections and
associated costs. Although there is no information about cost-effectiveness of a
rotavirus immunization program in Libya, there are numberof studies in Middle East
and other developing countries that have estimated the economic burdenofrotavirus

gastroenteritis and also the positive economic effect of introducing the rotavirus
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vaccines (Isakbaeva et al, 2007, Al Awaidy et al, 2009). However, such studies are
needed in Libya to estimate the economic burdenofrotavirus disease from the health
care system and societal perspectives, and to assess the considerable impact that
rotavirus vaccination could have in reducing hospitalizations and clinic visits if
introduced into Libyan national immunization program.

6.4

Molecular aspects:
One of the main goals of this study was to investigate the diversity of

rotavirus strains circulating in Libya. This has shown extensive genomic diversity,
with 17 different E- types concurrently circulating in the same epidemic season. The
reason why such diversity has occurred is unclear, but may be related to genomic
reassortmentor point mutations.
Although mixed rotavirus infections (a pre-requisite for reassortment to
occur) were infrequently detected in this study (0.9%), some studies have suggested
that frequent reassortment could occur between co-circulating strains based on the
findings of a single dominant E-type at the start of an epidemic season followed by
several other minor E-types by the end ofthe season (Konnoef al, 1984, Tam etal,
1986). In addition, an alternative explanation of this genomic variability could be due
to accumulation of point mutation which could lead to the changesin the migration
pattern of the RNA segment (Palomboef al, 1993, Watanabeet al, 2001).
In the present study, RT-PCR successfully typedall strains, except for one
strain in which G and P type specificity could not be assigned. A total of five
different G-P combinations of rotavirus strains were detected during the one year
study period. The higherincidence of infections with G9 rotavirus strains than any
previously reported in the Middle East region. Whether G9 rotavirus has

continuously circulated in Libya is not clear as thisis first study to be conducted
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since 2000 in Libya (Cunliffe et al, 2001a). It remains possible, however, that the
particularly high frequency of G9 rotaviruses in the current study may be explained
by the absence of G9 specific antibodies in the population, thus allowing G9 to
becomethe most predominantstrain (Khamrinef al, 2006).
Although globally, G9 strains have been detected most commonly in
association with P[8] specificity, a wide variety of P types have been identified in
combination with this G-type (Gentsch er al, 1993, Armahet al, 2003). However,all
G9 strains identified were solely associated with P[8] specificity and exhibited long
E-type patterns.

6.5

Phylogeny of G9 strains:
The G9strainsin the current study belonged to LineageIII, together with

most other recently emerged global G9strains. Since serotype G9 is not included in
the currently available rotavirus vaccines,it is not yet certain whether these vaccines
will provide protection against G9 rotavirusstrains. For instance, although the
currently licensed human monovalent vaccineis based ona single, attenuated
serotype G1 strain, it has demonstratedefficacy against G9 strains on the basis of
clinicaltrial results froma variety of different settings (Vesikari ef al, 2004b, Salinas
et al, 2005, Ruiz-Palacios ef al, 2006, Vesikari et al, 2007b). On the other hand, a

recentlarge clinicaltrial could not demonstrate the efficacy of the pentavalent
vaccine against G9 rotavirus associated diarrhoea due to the small number of G9
strains circulating duringthetrial (Vesikari er al, 2006b).
The G1 rotavirus strains have been detected in this study as the second most
predominantstrain, followed by G2, G4 and G3. Furthermore G1 one is the most

predominantstrain globally (Santos & Hoshino 2005) The possible reason for the
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continuous global predominance of G1 while G2 -G4 genotypesvariedin their

distribution could be due to more frequent occurrence of antigenic changes among
G1 strains than among G2or G4 rotavirusstrains (Arista ef al, 2006).

6.6

Limitations:

There were somelimitations which could have affected the findings of the study and

need to be consideredfor its interpretation.
L. This study was conducted for a single year only, and therefore, it is not possible
to assess year-to-year changesofrotavirustypes.
This studyis limited byits restricted geographic location, only one city (Tripoli)

wasincluded,therefore the diversity of rotavirus strains circulating in other parts
of Libya could not be determined.
This study enrolled only children who sought medical consultation only.
Consequently, Patients with milder rotavirus gastroenteritis and not attended to
the hospital were not included.

This study had no detailed questionnaire to ask for information on risk factors for
rotavirus infection such as history of contact with domestic animals, hygiene
condition of the family and nutritional status of the participants, as poor
nutritional status might influence severity of the rotavirusinfection.

Information regarding the history of the present diarrhoea if it was occurred
within 72 hr from hospital discharge or not wasnot collected,as that is important
to exclude nosocomialinfections.
The degree of dehydration and level of activity was assessed once for every child

and therefore variation of assessmentof these clinical parameters is varied from

161

doctor to another and because we did not have validity checks for these
parameters, this study could have misclassification errors for outcomes.

7. This study was unable to provide incidenceestimates of severe diarrhoea/100 000
population, because the total number diarrhoeal cases which attended the
outpatient clinic were not recorded.

6.7

Conclusion:

This study has demonstrated that rotavirus is a major cause of severe gastroenteritis
among < five years Libyan children. The majority of rotavirus cases occurred among
children <2 years old with the highest proportion in those aged 6-17 months. In
addition the present study has highlighted that G9 is an epidemiologically important
rotavirus serotype in Libya. However, the prevalence of rotavirus infection and
particularly the diversity of genotypes recognized in Tripoli may notreflect those in
other regions of the country. It will be important to continue and extendrotavirus
strain surveillance in the other parts of Libya. Data obtained from such
epidemiologic studies are neededto facilitate the introduction of rotavirus vaccines
into Libya. Such studies will also form a baseline against which the impactof routine
rotavirus vaccination can be measured, and to identify new variant strains that may
emerge after a program ofvaccination begins. Introduction of rotavirus vaccine into
the childhood EPI schedule in Libya would be expected to confer a large public
health benefit.

6.8

Recommendationsand future plans:

1. It would be valuable to conduct community-based studies of rotavirus disease
burden, focusing on less severe disease outcomes.
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Hospital admission should be restricted solely to severe cases to prevent
unnecessary hospitalisation and to decrease nosocomial infection.
Wide studies for investigation of rotavirus strains in different parts of Libya and
for a longer period of time will be crucial and the results would be more
representative.
Restriction of overuse of antibiotics and their use only in bacterial or parasite
gastroenteritis causing bloody diarrhoea following stool culture or stool routine
investigation to avoid antibiotic resistance.
Enhancingthe availability and accessibility of ORS with greater health education
regardingits use.
To use ORT for treatment of dehydration according to WHO recommendations
and IVTto berestricted to cases of severe dehydration or vomiting alone.
Use of more detailed questionnaire, including history of contact with domestic

animals and otherrisk or protective factors.
Rotavirus vaccination should be implemented at an earlier stage (<6 months)for
children.
Studies should be carried out to assess the protective efficacy of less than three
doses of vaccine and to address the cost effectiveness of vaccination program in
Libya.
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APPENDICES

Appendix.1
PART I:
INFORMED CONSENT

My name is Dr Mohamed Abugalia. I am a medical doctor who is doing
Medical Doctorate in Microbiology at the University of Liverpool, UK.
I am conducting a study to describe the germs that cause diarrhoeain children in Libya.
Our aims are to describe the characteristics of these germs and relate them to the
severity of the episode and inform the health authorities of the most common germs that
could be prevented by vaccinesin the future.
As youconsulted the service because yourchild has acute diarrhoea, we would
like, with your permission, to invite your child to participate in this study.
If you agreed to participate, we would require collecting a stool sample from the nappy
of your child and for you to answer a short questionnaire. This study will not cost you
anything and the questionnaire would take about 15 minutes. The questions relate to the
episode of diarrhoea (for example duration and frequency) and some details about you
and your child (age, sex, etc). We believe that none of these questions is embarrassing.
There are no risks involved with participating in the study and besidesa possible
small delay; there are no other changesto the routine activities while you attend the
centre. There are no payments involved for any of the procedures or payment for your
participation. The stool sample will be saved in a freezer and we will conduct laboratory
tests in the UK (Division Medical Microbiology, University of Liverpool) to identify

the pathogens. Thesetests are useful to inform the scientist and public health staff about

the causes of diarrhoea, but are not necessary for the management of the current
diarrhoea of your child. The frozen sample ofstool will be kept for up to 5 years, and
will be tested for known germs(called rotavirus, Norovirus,) and for new germsthat
could be discovered in the next 5 years. After this time samples will be destroyed.
The data collected will not be shared with any third parties and will be used only
for data analysis relevant to this study. A presentation with all the data will be sent to
the Ministry of Health in Libya at the end of the analysis in Liverpool and may be
published in scientific journals. None ofthe information used in these communications
will have data that could identify you or your child. However, the study is separate
from the treatment youare receiving in the hospital.
You are completely free not to participate in the study if you do not wish to
participate. You canalso stop participating in this study at any time if you change your
mind. Whether you participate of not in the study will not affect yourrelationship with
hospital staff and your doctor. For further inquires after you leave the hospital, you can
contact Dr. Mohamed Omar Abugalia, Tel 0925126574.
If you wouldlike yourchild to join this study please sign the form below:

PARTII:
Certificate of Consent
I have been invited to participate in research of the causes of diarrhoea in
children. I am awarethat there may be no benefit to me personally andthat I will not
be compensated. I have been provided with the name of a researcher who can be
easily contacted using the numberandaddress I wasgivenfor that person.
I have read the foregoing information, or it has been read to me. I have had

the opportunity to ask questions about it and any questions thatI have asked have
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been answered to mysatisfaction. I consent voluntarily to participate as a participant
in this research and understandthat I have the right to withdraw from the research at
any time without in any way affecting my medicalcare.

Print Name of Participant
Signature of Participant
Date

Day/month/year
If illiterate:

I have witnessed the accurate reading of the consent form to the potential
participant, and the individual has had the opportunity to ask questions. I confirm
that the individual has given consentfreely.

Thumbprintof participant

Print name of witness
Signature of witness
Date

Day/month/year
I have accurately read or witnessed the accurate reading of the consent form
to the potential participant, and the individual has had the opportunity to ask

questions. I confirm that the individual has given consentfreely.

Print Name of Researcher
Signature of Researcher
Date

Day/month/year
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Appendix.2

Questionnaire

Patient .No.

Out-Patient

In-Patient

Source

Date of Sample (dd/mm/yy):
Date of Questionnaire (dd/mm/yy):
Patient Gender:

M

F

Age

Months

Duration of the disease (days):
Fever

Y

N

Fever (max)

C

Abdominal Pain

Y

N

Vomiting

Y

N

Maximum Noofepisodesin 24 hr
Duration of vomiting
Type ofstool

days
watery orS. solid

mucus

Mucus & blood

Bloody
Maximum Noofepisodes in 24 hr
Duration of diarrhoea
Generallevel ofactivity
Degree of dehydration

Rehydration
Antimicrobials

days
reduced

normal

moderate

mild

None

Oral

LV

Y

N

N.K

Nameof Interviewer: ........cccccccccccssesesseeccsssesseeeeeeeseensaaeeeeeeeeeeesaaaaeeess

SISMALUTCL cxsnesssmmneesrecnnnees

severe

Date:
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Appendix.3:

Test for seasonality of rotavirus disease

em PH ammeP5 ammeP4

aume P?

im
Test for seasonal variation in occurrenceof rotavirus disease by applying seasonality tests. The
red triangle indicates the peak date of a12 month sinusoidal curve and the positivity of
Edward’stest. The graph also showsanystatistically significant peak periods of two,three,
four, five or six consecutive months, markedas P2 to P6 respectively.

Freedman'stest
(For any deviation from a uniform incidence):

V (N) = 0.216

P<0.01

Edwards's test
(For a harmonic curve [6 months between peak and trough]):

Amplitude = 85.8% of peak frequency
Peak angle (year: 360°) = 39.3°

Peak date = February 8th
Chi-square = 74.01 (DF=2}

P=0.000 [8.5E-17]

Ratchet circular scan test
(For a short seasonal peak):
2-month peak: January to February
28.2% of events
Teststatistic = 5.90
P <0.005
3-month peak: December to February
40.3% of events
Test statistic = 6.56

P < 0.005

Hewitt's rank-sum test
(For a seasonal peak):

4-month peak: Novemberto February
Rank sum: 42

P=0.024

Rank sum: 50

P=0.015

5-month peak: November to March

6-month peak: Novemberto April
Rank sum: 57
P=0.013
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Appendix.4 Test for season variation in occurrenceof rotavirus diarrhoea among
male children
aume PS emumP4

oumme FP?

Test for seasonal variation in occurrence of rotavirus disease by applying seasonality tests. The
red triangle indicates the peak date of a12 month sinusoidal curve andthe positivity of
Edward’stest. The graph also showsanystatistically significant peak periods of two,three, four
or five consecutive months, marked as P2 to P5 respectively.

Freedman's test
(For any deviation from a uniform incidence):

V (N)=0.192

P<0.01

Edwards's test
(For a harmonic curve [6 months between peak and trough]):
Amplitude = 80.8% of peak frequency
Peak angle (year: 360°) = 44.9°
Peak date = February 14th

Chi-square = 36.61 (DF =2}

P=0.000 [1.1E-8]

Ratchet circular scan test
(For a short seasonal peak):
2-month peak: January to February
28.4% of events
Test statistic = 4.42

P < 0.005

3-month peak: January to March

40.2% of events

Test statistic = 4.86

P < 0.005

Hewitt's rank-sum test

(For a seasonal peak):

4-month peak: December to March

Rank sum: 42

P = 0.024

5-month peak: November to March
Rank sum: 50
P=0.015

6-month peak: Novemberto April

Rank sum: 55.5

P=0.037
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Appendix.5
females

Test for seasonal variation in occurrence of rotavirus diarrhoea among

eume P65 ame PS ame P4

oumme P

Test for seasonal variation in occurrence of rotavirus disease by applying seasonality tests. The
red triangle indicates the peak date of a12 month sinusoidal curve andthe positivity of
Edward’s test. The graph also showsanystatistically significant peak periods of two,three,
four, five or six consecutive months, marked as P2 to P6 respectively.

Freedman's test
(For any deviation from a uniform incidence):

V (N) = 0.257

P<0.01

Edwards's test
(For a harmonic curve [6 months between peak and trough]):
Amplitude = 93.8% of peak frequency
Peak angle (year: 360°) = 33.8°
Peak date = February 3rd

Chi-square = 39.28 (DF =2}

P=0.000 [3.0E-9]

Ratchet circular scan test

(For a short seasonal peak):

2-month peak: Decemberto January
29.5% of events
Test statistic = 3.79
P <0.005
3-month peak: Novemberto January
43.2% of events
Test statistic = 4.80
P < 0.005
Hewitt's rank-sum test
(For a seasonal peak):
4-month peak: Novemberto February

Rank sum: 42

P=0.024

5-month peak: November to March

Rank sum: 49
P = 0.029
6-month peak: Novemberto April
Rank sum: 57

P=0.013
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Appendix.6
inpatients:

Test for seasonal variation in occurrence of rotavirus diarrhoea among

a

Test for seasonal variation in occurrence of rotavirus disease by applying seasonality tests. The
red triangle indicates the peak date of a12 month sinusoidal curve and the positivity of
Edward’stest. The graph also showsstatistically significant peak periods of six consecutive
months, marked as P6.

Freedman'stest
(For any deviation from a uniform incidence):

V (N) = 0.208

P<0.01

Edwards's test
(For a harmonic curve [6 months between peak and trough]):
Amplitude = 80.2% of peak frequency
Peak angle (year: 360°) = 54.5°
Peak date = February 24th

Chi-square = 17.33 (DF =2}

Ratchetcircular scan test
(For a short seasonal peak):

P=0.000 [1.7E-4]

2-month peak: December to January

26.3% of events
Test statistic = 2.19
P >),
3-month peak: December to February
36.4% of events
Test statistic = 2.47
P=]
Hewitt's rank-sum test

(For a seasonal peak):

4-month peak: December to March

Rank sum: 40.5
P = 0.068
5-month peak: December to April

Rank sum: 47.5
P =0.075
6-month peak: December to May
Rank sum: 57
P=0.013
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Appendix.7 Test for seasonalvariation in occurrence of rotavirus diarrhoea among
outpatient children.
eume Pho aus PS ammP4

que PD

Test for seasonal variation in occurrence of rotavirus disease by applying seasonality tests. The
red triangle indicates the peak date of a12 month sinusoidal curve and the positivity of
Edward’stest. The graph also showsanystatistically significant peak periods of two,three,
four, five or six consecutive months, marked as P2 to P6 respectively.

Freedman's test
(For any deviation from a uniform incidence):

V (N) = 0.230

P<0.01

Edwards's test
(For a harmonic curve [6 months between peak and trough]):
Amplitude = 89.4% of peak frequency
Peak angle (year: 360°) = 34.3°
Peak date = February 3rd

Chi-square = 59.14(DF=2}

P=0.000 [1.4E-13 ]

Ratchet circular scan test
(For a short seasonal peak):
2-month peak: January to February
31.1% of events
Test statistic = 6.13
P < 0.005
3-month peak: December to February
41.9% of events
Test statistic = 6.06
P <0.005
Hewitt's rank-sum test
(For a seasonal peak):
4-month peak: Novemberto February

Rank sum: 42

P = 0.024

5-month peak: November to March

Rank sum: 50
P=0.015
6-month peak: Novemberto April
Rank sum: 57

P=0.013
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Appendix.8

Test for seasonality in the occurrence of severe rotavirus diarrhoea
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Test for seasonal variation in occurrence of rotavirus disease by applying seasonality tests. The
red triangle indicates the peak date of a12 month sinusoidal curve andthe positivity of
Edward’stest. The graph also showsanystatistically significant peak periods of two,three,
four, five or six consecutive months, marked as P2 to P6 respectively.

Freedman's test
(For any deviation from a uniform incidence):

V (N) = 0.214

P<0.01

Edwards's test
(For a harmonic curve [6 months between peak and trough]):
Amplitude = 85.7% of peak frequency
Peak angle (year: 360°) = 40.3°

Peak date = February 9th
Chi-square = 69.42 (DF =2}

P=0.000 [8.4E-16]

Ratchet circular scan test
(For a short seasonal peak):
2-month peak: January to February
28.3% of events
Test statistic = 5.66
P <0.005
3-month peak: Decemberto February
40.5% of events
Test statistic = 6.36
P < 0.005
Hewitt's rank-sum test
(For a seasonal peak):
4-month peak: December to March

Rank sum: 42

P=0.024

5-month peak: November to March
Rank sum: 50
P=0.015

6-month peak: Novemberto April
Rank sum: 57

P=0.013
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Appendix.9

JF

Test for seasonality in the occurrence of mild rotavirus diarrhoea

MAM

J

J

AS

ON

D

Test for seasonal variation in occurrence of rotavirus disease by applying seasonality tests. The
graph showsstatistically significant peak periods of three consecutive months, markedas P3.

Freedman's test
(For any deviation from a uniform incidence):

V (N) = 0.268

P <0.05*

* Treat this P with reserve (only 29 events).

Edwards's test
(For a harmonic curve [6 months between peak and trough]):
Amplitude = 104% of peak frequency (trough below zero).
Peak angle (year: 360°) = 22.6°
Peak date = January 22nd
Chi-square = 5.42 (DF = 2}
P = 0.066
Ratchet circular scan test
(For a short seasonal peak):
2-month peak: November to December **
31.0% of events
P> 0.05
3-month peak: November to January
51.7% of events
P <0.025
Hewitt's rank-sum test
(for a seasonal peak):
4-month peak: November to February
Rank sum: 38
P > 0.089
5-month peak: October to February
Rank sum: 43.5
P > 0.094
6-month peak: Novemberto April
Rank sum: 50
P > 0.130
** This is not the only peak period ofthis length.
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Appendix.10

Test for seasonal variation in the occurrence of G9 rotavirus strains
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Test for seasonalvariation in occurrence of rotavirus disease by applying seasonality tests. The
red triangle indicates the peak date of a12 month sinusoidal curve andthe positivity of
Edward’stest. The graph also showsanystatistically significant peak periods of two, three,
four, five or six consecutive months, markedas P2 to P6 respectively.

Freedman'stest
(For any deviation from a uniform incidence):

V (N) = 0.267

P<0.01

Edwards's test
(For a harmonic curve [6 months between peak and trough]):

Amplitude = 108% of peak frequency (trough below zero).
Peak angle (year: 360°) = 35.4°
Peak date = February 4th

Chi-square = 75.54 (DF =2}

P=0.000 [4.0E-17]

Ratchetcircular scan test

(For a short seasonal peak):
2-month peak: January to February
31.0% of events
Test statistic = 5.69
P <0.005
3-month peak: December to February
43.7% of events
Test statistic = 6.28
P <0.005
Hewitt's rank-sum test
(For a seasonal peak):
4-month peak: Novemberto February

Rank sum: 42

P=0.024

5-month peak: Novemberto March
Rank sum: 50
P— 0:05

6-month peak: Novemberto April
Rank sum: 56
P =0.025
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