e:\;_)l\ UA;)S\ ) e
Sudan University of Science and Technology
College of Graduate Studies

Frequency of Norovirus among Children with Gastroenteritis

in Khartoum State

sk AN AN 5 & plaa) g Barall Clgally Cubiaad) JULYT gal g ) gl g b 23 55

A dissertation submitted in partial fulfillment for the requirements of

MSc in Medical laboratory Science (Microbiology)

By:
Tasneem Abdalrahaman Hassan Attia

BSc in Medical Laboratory Science, National Ribat University, 2011

Supervisor:
Prof. Humodi Ahmed Saeed

Professor of Microbiology

2015



,‘i:
-'l

;s Jls

L'tu
J) 2 IEN o O
) F305 o =
38
2 57
215
SRy
‘w
&) o
(85 -
/ojﬂ JG -
-~ = ‘j/
3
pa ¥

17
3
A
Y
|
¢ Q\)Ac
JI
8) gu



DEDICATION

To

My mother, father, great brothers and husband



Acknowledgment

First of all great thank to AL-Mighty ALLAH for offering the power to complete this

work.

| am greatly indebted to my Supervisor Prof. Humodi Ahmed Saeed, for his

constructive guidance, support and encouragement all throughout this study.

Thanks go to the staff members of Ibrahim Malik Teaching Hospital for help and

cooperation.

My appreciation are extended to the staff members of microbiology Department and

all colleagues in Sudan University of science and technology.

| also owe may thanks to the patients and their parents for their understanding and

cooperation during the study period.



ABSTRACT

Norovirus is the most common cause of viral gastroenteritis in human.

This study was carried out in Khartoum State during the periods from January to
September 2016. The study aimed to detect Norovirus antibody in children with

gastroenteritis.

A total of eighty four (n= 84) children with gastroenteritis were enrolled in this study.
Three ml blood was collected from each patient. Serum was obtained by
centrifugation at 3000 rpm for 20 minutes. The sera was examined for the presence of

Norovirus antibody using Enzyme Linked Immune Sorbent Assay (ELISA).

The results revealed that 40(47.6%) were positive of Norovirus antibodies. The rest
44(52.4%) were negative. Of the positive blood samples 18(45%) were obtained from
males and 22(55%) from females, and 25(62.5%) were less than 2.5 years and
15(37.5%) more than 2 years.

The study concluded that there is considerable percentage of Norovirus among

children with gastroenteritis under five years in Khartoum state.
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CHAPTER ONE
INTRODUCTION AND OBJECTIVES

1.1. Introduction

Norovirus was first discovered from an outbreak of gastroenteritis in an elementary
school in Norwalk, Ohio U.S.A in 1968 (Hansman et al., 2004). it was the first virus
identified as cause of gastroenteritis in humans, but recognition of its importance as a
pathogen has been limited because of the lack of available, sensitive, and routine
diagnostic methods (Roger et al., 2009). The virus causes the majority of acute viral
gastroenteritis worldwide. The increased recognition of Noroviruses as the cause of
outbreaks and sporadic disease is due to the recent availability of improved
Norovirus-specific diagnosis. Transmission of these viruses is facilitated by their high
prevalence in the community, shedding of infectious virus particles from a
symptomatic individuals and the high stability of the virus in the environment (Anne

et al., 2004).

Gastroenteritis is a major public health problem worldwide. With the application of

new and sensitive diagnostic techniques Noroviruses are now recognized as the

1



leading cause of outbreaks and cases of non-bacterial gastroenteritis (Du ping zheng

et al., 2006).

The two types of caliciviruses that cause acute gastroenteritis in humans have been
identified, those in genus Norovirus and those in genus Sapovirus. Norovirus is a
leading cause of gastroenteritis worldwide and cause outbreakin various
epidemiological setting including hospitals, cruiseships, schools and restaurants

(Hansman et al., 2004).

Noroviruses are one of the leading causes of gastroenteritis in young children;
however, the duration of Norovirus shedding in young children is not well known

(Murata et al., 2007).

1.2. Rationale

Norovirus is one of the leading causes of gastroenteritis in young children (Murata et
al., 2007). Epidemiological data from developing countries about the importance of
Norovirus in pediatric diarrhea are limited. Recently, in Nicaragua, it has been

observed that Norovirus is responsible for 11% of the diarrhea cases occurring in



children less than five years of age at community level and 15% of the moderate to

severe cases requiring intravenous (Bucardoet al., 2011).

The virus affect people of all ages (Morillo and Timenetsky, 2011). Recent findings
indicated that Norovirus is the most common cause of gastroenteritis (Kroneman et

al., 2006).

Revising the literature, there is no previous published data in Sudan about Norovirus.

This study was to detected Norovirus among Sudanese children with gastroenteritis.



1.3. Objectives

1.3.1. General objective

To determine the frequency of Norovirus among Sudanese children with gastroenteritis in

Khartoum state .

1.3.2. Specific objectives

1. To detect the Norovirus antibody in children with gastroenteritis and to detect

the frequency of virus among children.

2. To determine the association between Norovirus infection and child age and

Sex.
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CHAPTER TWO

LITERATURE REVIEW

2.1. Norovirus

The Norovirus was originally named the “Norwalk agent” after Norwalk Ohio, in the
United states, where an outbreak of a cute gastroenteritis occurred among children in

Bronson Elementary school in November 1968 (Hansman et al., 2004).

In 1972, electron microscopy was conducted on stored human stool samples
identified a virus, which was given the name ‘“Norwalk virus”. Numerous outbreaks
with similar symptoms have been reported since that time. The cloning and
sequencing of the Norwalk virus genome showed that this virus has a genomic
organization consistent with viruses belong to the family Caliciviridae (Kapikian,
1996). The name was shortened to “Norovirus” after being identified in a number of
outbreaks on cruise ships and receiving attention throughout the United States. The
name “Norovirus” was approved by the international committee on Taxonomy of
virus (ICTV) in 2002; however, a press release and a newsletter were published by
ICTV, which strongly encouraged the media, national health authorities and the
scientific community to use the virus name Norwalk virus, rather than the genus

name Norovirus, when referring to outbreaks of the disease (Kapikian,1996).



Norovirus is RNA, non-enveloped virus which belongs to the Caliciviridae family.
According to ICTV Noroviruses are genetically diverse group of single-strand
viruses, the genus Norovirus has one species, which is called Norwalk virus (Eric et
al., 2011). Noroviruses are the most common cause of viral gastroenteritis in human,
and affect people of all ages (Morillo and Timenetsky, 2011).Norovirus infection is
characterized by nausea, forceful vomiting, watery diarrhea, and abdominal pain, and
In some cases, lost of taste. General lethargy, weakness, muscle aches, headache,
coughs, and low-grade fever may occur. The disease is usually self-limiting, and
severe illness is rare. The virus affects around 267 million people and causeover
200.000 deaths each year; these deaths are usually in less developed countries and in
the very young, elderly and immune compromised patienst (Debbink et al., 2012).
The species causes approximately 90% of epidemic non-bacterial outbreaks of

gastroenteritis in the United States (Widdowaon et al., 2005).

“Winter vomiting bug” is a common term for Noroviruses in the UK, because the
virus tends to cause vomiting and to spread more easily in winter, when people tend
to spend more time indoors and close to each other. Outbreak of Norovirus infection
often occurs in close or semi closed communities, such as long-term care facilities,

overnight camps, hospital, prisons, dormitories, schools and cruise ships.Where the



infection spread very rapidly either by person to person transmission or through

contaminated foods (Noda et al., 2007).
2.2. Transmission

Norovirus are transmitted directly from person and indirectly via contamination water
and food. They are extremely contagious, and fewer than twenty virus can case an
infection (Morillo and Timenetsky, 2011). Some researches suggests as few as five
(Leon, 2008). Transmission occur through ingestion contamination food and water by
person to person spread, transmission can be aerosolized when those stricken with the
illness vomit, and can be aerosolized by a toilet flush when vomit or diarrhea is
present; infection can follow eating food or breathing air near an episode of vomiting,
even if cleaned up. The viruses continue to be shed after symptoms have subsided and
shedding can still be detected many weeks after infection (Atmar et al., 2008). In one
outbreak at an international scout jamboree in the Netherland, each person with
gastroenteritis infected an average of 14 people before increased hygiene measures
were put in place. Even after these new measure were enacted, an ill person still

infected an everage 2.1 other people (Heijne et al., 2009).



2.3. Pathophysiology

When a person becomes infected with Norovirus the virus begins to replicate within
the small intestine. After approximately one to two days symptoms can appear. The
principal symptom is acute gastroenteritis that develops between 24 and 48 hours
after exposure, and lasts for 24-60 hours. The disease is usually self limiting, and
characterized by nausea, forceful vomiting, watery diarrhea, abdominal pain, and in
some cause, loss of taste. General lethargy, weakness, muscle aches, headache,
coughs, and low-grade fever may occur. Severe illness is rare; although people are
frequently treated at the emergency ward, they are rarely admitted to the hospital. The
number of deaths from Norovirus in the United State is estimated to be around 300
each year, with most of these occurring in the very young, the elderly, and persons
with weakened immune systems (Goodgame, 2006). Norovirus are extremely
infectious and cause epidemic gastroenteritis. The infectious dose is believed to be as
low as 10-100 virus particles (Caul, 1996). Recent dose-response studies show that
both the infective dose and host susceptibility may vary according to the infecting
Norovirus strain (Lindesmith et al., 2005; Moe et al., 2003).The mechanism of
pathogenicity of Noroviruses is still not clearly understood because of the inability to
propagate these viruses, but information is being obtained from the in vitro culture of

a mouse Norovirus (Wobus et al., 2004). It is known that the mature enterocyte cells



in the small intestine become infected and the malabsorption of fats, d-xylose, and
lactose occurs for up to 2 weeks. Unusually, gastricemptying is also delayed, and this
may explain the nausea and characteristic projectile vomiting associated with
Norovirus infection. Large numbers of Norovirus are excreted in feces from the onset
of symptoms and continue to be shed in decreasing numbers for up to weeks after
infection. Animals infected with the Newbury agent, bovnic calicviruses assigned to
Norovirus genogroup 111, show similar symptoms, pathological changes and
processes as seen in human (Appleton et al., 2001). In the past in absence of reliable
laboratory tests for Norovirus developed epidemiological and clinical criteria were
stools negative for bacterial gastroenteritis outbreak (Kaplan et al., 1982). These
criteria were stool negative for bacterial pathogens, a mean or incubation period of
24-48hrs. These criteria are still widely used. The symptoms of acute-onset projectile
vomiting, watery non-bloody diarrhea with abdominal cramps, and nausea may
develop within 12 hrs of exposure, and low-grade fever also occurs occasionally.
Dehydration is a common complication that can particularly affect the young and
elderly, necessitating rehydration therapy. There is no evidence of any long-term
sequeals after Norovirus infection (Kaplan et al., 1982). The mechanism of immunity
to Norovirus infection is not clear. Infection normally stimulates production of both
gut and serum antibody, and although immunity to the infecting Norovirus strain

may develop, it is generally short lived, strain-specific, and does not confer protection
9



against future infection. Reinfection with a different strain can occur soon after the
initial infection .Thus, given the genetic variability of Norovirus, people are likely to
be re-infection many times during their lifetime. Recent research has suggested that
there may be a genetic determinant involved in susceptibility to Norovirus infection,
with people belonging to histo-blood group O being at greater risk for severe

infection (Hutson et al., 2004., Hutson et al., 2002).

Evidence that Norovirus transmission occurs through aerosolization of vomit was
clearly demonstrated at a UK hotel. During a meal, a guest vomited at the table, and
Norovirus infection spread in a radial pattern through the restaurant, progressively
decreasing form 91% attack rate among those seated at the same table to an attack
rate of 25% in those patrons who were seated the farthest distance away from the

guest who vomited (Marks et al., 2003).

2.4. Gastroenteritis

Noroviruses are now recognized as playing a major role in sporadic gastrointestinal
illnesses, as well. Early serosurveys documented a high prevalence of Norovirus
antibodies in children, but because the virus was rarely detected in fecal specimens,
its role in causing the infection seemed questionable. With the use of RT-PCR,

Noroviruses are routinely detected in fecal specimens of children and adults with

10



gastroenteritis. A recent review of studies documented Norovirus in 5 to 31% of
patients hospitalized for gastroenteritis and in 5 to 36% of those visiting a clinic,
making it the most common cause of diarrhea in adults and the second most common

cause in children (Patel et al., 2008).

2.5. Previous studies

In study conducted for the determination of Rotavirus, Norovirus and Adenovirus in
stool samples of children with gastroenteritis by qualitative polymerase chain
reaction, and the determination of co-infections due to acute viral gastroenteritis were
tested for Rotavirus group A and Adenovirus with commercial immune-
chromatographic test and for Norovirus with EIA assay. Single Norovirus infection
was found in 35/242 (14.5%) patients and in a further 5 (2.1%) children as co-
infection with Rotavirus. Overall, Norovirus was detected in 16.5% of stool
specimens. Norovirus infection tended to peak from October to November and again
from February to March, In autumn months and in February, the proportion of
Norovirus gastroenteritis cases was equal or even surpassed those of Rotavirus
origin. Both Norovirus and Rotavirus infection most commonly affected children
between 12 and 13 month of age. The low-garde or no fever was significantly more
common in children infected with Norovirus (94.3%) compared to Rotavirus cases

(52.9%). Overall Norovirus gastroenteritis was less severe than Rotavirus disease

11



with regard to 20-point severity scale (p<0.05). Norovirus have emerged as a relevant
cause of acute gastroenteritis in polish children. There is a great need for introducing
routine Norovirus testing of hospitalized children with gastroenteritis (Oldak et al.,

2012).

Epidemiological data from developing countries about the importance of Norovirus
in pediatric diarrhea are limited, Recently, in Nicaragua, it has been observed that
Norovirus is responsible for 11% of the diarrhea cases occurring in children less than
five years of age at community level and 15% of the moderate to severe cases

requiring intravenous (Bucardo et al., 2011).

Norovirus has captured increasing attention as an agent of childhood diarrhoea.
However, it is not known whether Norovirus causes severe diarrhoea like Rotavirus,
particularly among children in developing countries. In a 1-year study conducted
between May 2004 and April 2005 in Recife, Brazil, Norovirus was detected by
ELISA in 34/233 (15%) diarrhea , children less than 5 years of age. The severity of
clinical illness, as indicated by the presence of dehydration, the requirement for
hospitalization, and the duration of hospital stay, was similar between children with
Norovirus and Rotavirus infection. These data underscore the importance of

Norovirus as a cause of severe diarrhoea in children (Nakagomi et al., 2008).

12



During July 2003—June 2004 from infants and children with acute gastroenteritis,
encompassing five localities (Maizuru, Tokyo, Sapporo, Saga, and Osaka) of Japan,
were tested for the presence of Norovirus by RT-PCR. It was found that 58 (14.4%)
fecal specimens were positive for Norovirus. The virus was detected throughout the

year with the highest prevalence in December (Tung et al., 2006).

In Shanghai, China, between 2001 and 2005 stool specimens collected (n=5411) from
children under 5 years of age who were hospitalized with acute gastroenteritis 3,975
were rotavirus-negative, indicating the presence of another causative agent. From
these specimens, 484 were selected at random for genotyping, and 45 were
Norovirus-positive. Norovirus infection was detected in all age groups, but infants
less than 6 months old showed the lowest prevalence (5.4%). Norovirus infections
peaked from August to November. This study demonstrated the impact of Norovirus

infection causing acute gastroenteritis in hospitalized children (Jin Xu et al., 2009).

Norovirus was detected in 21% of young children (278 of 1295) seeking medical
attention for acute gastroenteritis in 2009 and 2010, with Norovirus detected in 22%
(165 of 742) in 2009 and 20% (113 of 553) in 2010. The virus was also detected in
4% of healthy controls (19 of 493) in 2009. Rotavirus was identified in 12% of
children with acute gastroenteritis (152 of 1295) in 2009 and 2010 (Daniels et al.,

2013). Rotavirus and Norovirus are leading viral causes of diarrhoea in children. A

13



cross-sectional study was undertaken among children aged <5 years with acute
gastroenteritis at Al-Jala Children's Hospital, Tripoli, Libya, from October 2007 to
September 2008. Of 1,090 fecal samples collected, 260 from inpatients and 830 from
outpatients, all inpatients and approximately a third of outpatients, selected
systematically, were investigated for Rotavirus and Norovirus infection by ELISA
and real-time RT-PCR, respectively. Of 520 fecal samples examined (inpatients=260,
outpatients=260), 164 (31.5%) had Rotavirus and 91 (17.5%) had Norovirus.
Rotaviruses and Noroviruses are both important causes of gastrointestinal infection

among young children in Libya (Abugalia et al., 2011).

Three-hundred eighteen fecal samples were collected from January to December
2004, from children with acute gastroenteritis in 3 public hospitals in Rio de Janeiro,
Brazil. Norovirus infections were detected in 65 (20%) of the samples, of which 11
(4%) were mixed infections with Rotavirus. Infants up to 1-year-old were the most
affected and a peak of virus detection was observed in autumn and spring seasons.
Dehydration and diarrhea were the inclusion criterion; coughing (51%), vomiting

(33%), and fever (22%) were the main clinical manifestations (Victoria et al., 2004).

In a study in Ghana 13 (15.9%) of the 82 diarrheic stool samples tested for

caliciviruses were positive for Noroviruses. Noroviruses were present in all age

14



groups and were detected only during the diarrhoea peak that coincided with the peak

Rotavirus season (George et al., 2006).

15
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CHAPTER THREE

MATERIALS AND METHODS

3.1.Study design
3.1.1.Type of study

This was a cross-sectional study.

3.1.2.Study area

Specimens for this study were collected from Ibrahim Malik Teaching Hospital,
Khartoum state. The experimental work was carried out in the Research lab., Sudan
University of Science and Technology.

3.1.3. Study duration

This study was conducted during the period from January to March 2016.

3.1.4. Study population
Boys and girls less than five years with gastroenteritis were enrolled.
3.1.5. Sample size

A total of 84 blood specimens were obtained from patients.

16



3.1.6. Ethical consideration

This study was approved by the college of Medical Laboratory Science Ethical
committee, SUST, to collect blood specimen sign was obtained from children parent

before sample collection.

3.1.7. Specimens collection and storage

Three ml of venous blood was collected using venous puncture technique. The
collected blood was drawn into plain containers, allowed to clot and then centrifuged
at the speed of 2000-3000 r.p.m for 20 minutes, the supernatant was removed, then if

precipitation appeared, centrifugation repeated, then collected into epindorff tube and

0 .. i .
stored at -20C "until the serological analysis was done.

17



3.2. Materials supplied in the test kit

1 Standard (800ng/ml) 0.5ml
2. Standard diluent 3ml
3 Microelisa strip plate 12well X 8strips
4 Str- HRP — Conjugate Reagent eml
5 30 X wash solution 20ml
6 Biotin — (Noro virus) Ag 1mi

7 Chromigen Solution A eml

8 Chromigen Solution B eml
9 Stop solution eml
10 Instruction 1

11 Closure plate membrane 2

12 Sealed bags 1

3.2.1. Principle of the assay

The kit uses a double — antigen sandwich — linked immumosorbent assay (ELISA) to

assay the level of human Norovirus antibody (Norovirus - Ab) in samples. Noro

virus antibody (Norovirus - Ab) was added to Enzyme well which is pre- coated with

Human Norovirus antibody (Norovirus - Ab) antigen, incubation: then, Norovirus

antibody antigen labeled with biotin, and combined with streptavidin —HRP to form

immune complex: then incubated and washed again to remove the uncombined

enzyme. Then chromogen solution A.B was added the color of the liquid changes

into Dblue. the effect of acid, the color finally becomes yellow. The chroma of color

18



and the concentration of the Human substance Norovirus antibody (Norovirus - Ab)

of sample were positively correlated .

3.2.2. Asaay procedure

A) Standard dilution

The test kit original standard reagent was diluted it according to the manufacture

instructions as follow.,

Conc | STD No. Required concentration
400ng/ml | Standard No. 5 | 120ul original standard + 120ul standard diluents
200ng/ml | Standard No. 4 | 120ul original standard No5 + 120ul standard
diluents
100ng/ml | Standard No. 3 | 120ul original standard No4 + 120ul standard

diluents
50ng/ml | Standard No. 2 | 120ul original standard No3 + 120ul standard

diluents
25ng/ml | Standard No. 1 | 120ul original standard No2 + 120ul standard
diluents

B) The quantity of the plates depends on the quantities of to —be tested samples and
the standards. Every sample shall be made according to required quantity , and

duplicated well possible was used.

19



C) Inject samples

All reagent and specimens were settled to reach room temperature,40ul of specimens
added then 10ul of Norovirus-antigen to each sample except blank then 50ul stander,

50ul of streptavidin-HRP was added to each well except blank, the plate was covered

and incubated for 60 minutes at 37C°, by the end incubation period each well was

washed 3 times with distilled water. Finally 50ul of chromogen A and chromogen B

solutions were added to each well including blank, then the plate was incubated at

37¢°for 10 minutes and stop solution was added.

3.2.3. Interpretation of the results

Samples with a concentration lower than 400ng/ml are considered negative for

Norovirus antibody .

Samples with a concentration higher than 400ng/ml are considered positive for

Norovirus antibody.

3.3. Data analysis

The data that collected from questionnaire and laboratory results were analyzed by

SPSS version 15 computerized program.

20
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CHAPTER FOUR

RESULTS

This study was carried out during period from January to March 2016 to detect

Norovirus antibody in children with gastroenteritis in Khartoum State.

A total of 84 blood specimens were collected from children of < 5 years with

gastroenteritis hospitalized in Ibrahim Malik Teaching Hospital.

The results showed that out of 84 blood samples investigated, 40(47.6%) were
positive for Norovirus antibody. The rest were negative 44(52.4%).(Tablel). From
the positive samples18(45%) was males, and 22(55%) were females (Table2).
25(62.5%) of the patients under 2.5 years showed positive results, and 15(37.5%)

2.5 - 5 years showed positive result (Table 3).

Table 1. Frequency of Norovirus among gastroenteritis children

Result no. %

Negative 44 52.4
Positive 40 47.6
Total 84 100

21



Table 2. Frequency of Norovirus according to gender

Result
Gender | no. | % negative positive
no. % no. %
male 48 |57.1% | 30 62.5 |18 45
female |36 |42.9% |14 38.9 |22 55
total 84 | 100 44 100 |40 100

Table 3. Frequency of Norovirus according to age

Age no. %

Under 2.5 years 25 62.5
2.5 5Syears 15 37.5
Total 40 100

22
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CHAPTER FIVE
DISCUSSION
5.1. Discussion
Norovirus constitutes the second most common viral pathogen causing gastroenteritis
and pediatric diarrhea after Rotavirus. In Africa, diarrhea is a major health problem

children, and yet few studies have been performed regarding Norovirus ( Nordgren et

al., 2013).

The present study aimed to detection Norovirus antibody among children with
gastroenteritis in Khartoum State. Out of 84 blood samples investigated, only
40(47.6%) were positive. This result was near to that obtained in Mexican by Garcia
et al.,(2006) who reported (30%) of Norovirus among children under five years with

gastroenteritis.

In Egypt Zaghloul et al.,(2013) showed 310/500 (62%) virus positive case by
qualitative PCR among children with gastroenteritis; Rotavirus, Norovirus, and
Adenovirus were detected in 39%, 16.2% and 6.8% of the children with

gastroenteritis respectively.

Tamura et al., (2010) reported that in Vietnam, Rotavirus and Norovirus were

detected in 87 (47.5%) and 12 (6.6%) of the 183 fecal specimens form children

23



hospitalized with acute gastroenteritis, respectively. The majority of patients with

Rotavirus and Norovirus were children under younger than 2 years of age.

Liu et al., (2010) reported that Norovirus was identified in 26.4% of the children

with acute nonbacterial gastroenteritis in Beijine.

In the present study the high percentage (47.6%) may be due to endemic area with

Norovirus infection.

5.2. Conclusions

This study concluded that there is considerable percentage of Norovirus among

children with gastroenteritis under five years of age in Khartoum state sudan.

5.3. Recommendation
1. Norovirus detection in every case of gastroenteritis was recommended.

2. Attention to hygienic measures such as hand washing, safe disposal of feces and

disinfection of contaminated surfaces is essential in reducing the risk of transmission.

3. Use of large sample size for different hospitals and employing the confirmatory
techniques such as real- time PCR to reflect real picture of the disease in Sudan is

highly recommended.

4. Screening for Norovirus should be included in routain investigation.

24



REFERENCES

. Abugalia, Luis Cuevas, Andrew Kirby, Winifred Dove, Osamu Nakagomi ,
Toyoko Nakagomi, Majdi Kara, Rabia Gweder, Mohamed Smeo And
Nigel Cunliffe (2011). Clinical features and molecular epidemiology of
Rotavirus and Norovirus infections In Libyan children Volum83,
Issuel0, Pages1849-11856.

. Anne M Hutson, Robert L Atmar, Mary K Estesemail (2004). Norovirus
disease: changing epidemiology and hostn susceptibility factors Volumel2,

Issue 6, P279-287.

. Appleton H, Hui YH, Sattar SA, Murrell KD, Nip WK, and stanfield PS.
Eds (2001). Norwalk virus and the small round viruses causing foodborne
gastroenteritis, in: Foodborne Disease Handbook: Virus. Parasites, pathogens

and HACCP, 2™ ed., vol. 2 . Marcel Dekker. New York, pp. 77-97.

. Atmar R, Opekun AR, Gilger MA, MK, Crawford SE, Neill FH, and
Graham DY (2008). “Norwalk virus shedding after Experimental human
infection”. Emerging infect, Dis. 14 (10): 15537-7.

. Bucardo F, lindgren PE. Svensson L, NordgrenJ (2011). Low prevalence of
Rotavirus and High prevalence of Norovirus in Hospital and community Waste
water after Introduction of Rotavirus Vaccine in Nicaragua. PLOS ONE
(Elssn-1932-6203).

. Caul EO (1996). Viral gastroenteritis: small round structured viruses,
caliciviruses and Astroviruses. Part 11: the epidemiological perspective. J. clin.
Pathol. 49:959-964.

25



7. Daniels NA, Bergmire-Sweat DA, Schwab KJ, Hendricks KA, Reddy S,
Rowe SM, Fankhauser RL, Monroe SS, Atmar RL,GLASS RI, MEAD PA
(2013). Foodborne outbreak of gastroenteritis associated with Norwak-like
viruses: first molecular trace back to deli sandwiches contaminated during
preparation. J Infect Dis,181:1467-1470.

8. Debbink K, lindesmith LC, Donaldson EF, Baric RS (2012). Norovirus
Immunity and the Great Escape. Plos pathog 8(10): el1002921.

9. Du-Ping Zhenga, Tamie Andoa, Rebecca L. Fankhausera, b, R. Suzanne
Bearda, RogerGlassa, Stephan S. Monroea (2006). Norovirus classification
and proposed strain nomenclature Volume346,lssue 2, Pages 312-323.

10. Eric BC, king A, Elliot L, Adams MI (2011). Virus Taxonomy: Ninth

Report of the International committee on Taxonomy of viruses. Amsterdam:
Elsevier. Pp. 981-982.

11. Garica C, DuPont HL, Long KZ, Santos JI, Ko G (2006). Asymptomatic
Norovirus infection in Mexican children. J Clin Microbiol 44:2997-3000.

12. George E. Armah, Chris . GallimorE, Fred N. Binka, Richard H. Asmah,
Jonathan Green, Ucheoma Ugoji, Francis Anto, David W.G. Brown and
Jim J. Gray(2006). Characterisation of Norovirus strains in rural Ghanaian
children with acute diarrhea, VVolume 78, Issue 11, Pages 1480-1485.

13. Goodgame R (2006). Norovirus gastroenteritis Curr Gastroenterol Rep 8(5);
401-08.

14. Hansman, L. T. P. Doan, T. A. Kguyen, S. Okitsu, K. Katayama, S.
Ogawa, K. Natori, N. Takeda, Y. Kato (2004). Detection of Norovirus and
Sapovirus infection among children with gastroenteritis in Ho Chi Minh City,

Vietnam Arch Virol 149: 1673.
26



15. Heijne JCM, Teunis P, Morroy G, wijkmans C, Oostveen S, duizer E,
Kretzschmar M, and Wallinga J (2009). “Enhanced Hygiene Measures and

Norovirus Transmission during an outbreak’ Emerg. Infect. Dis.15(1): 24-30.

16. Huston A, Atmar R, Graham D, and Estes M (2004). Norwalk virus
infection and disease is associated with ABO histo-blood group type. J. infect,
Dis, 185:1335-1337.

17. Huston A, Atmar RL, Graham D, and Estes MK (2002). Norovirus
disease:changing epidemiology and lost susceptibility factors. Trends
Microbiol, 12:279-287.

18.Jin  Xu, Yi Yang, Jiae Sun andYunzhen Ding(2009). Molecular
epidemiology of Norovirus infection among children with acute gastroenteritis
in Shanghai, China VVolume 81, Issue 10, Pages 1826-1830.

19. Kapikian AZ (1996). Overiew of viral gastroenteritis. (61)Arch. Virol. Suppl.
12: 7-19.

20. Kaplan JE, Feldman R. Campbell D S, Lookabaugh C, and Gary GW
(1982). The frequency of a Norwalk-like pattern of illness in outbreak of acute
gastroenteritis. Am, J. public health 72:1329-1332.

21. Kroneman A, Vennema H, Harris J, Reuter G, von Bonsdorff CH,
Hedlund KO, Vainio K, Jackson V, Pothier P, Koch J, Schreier E, Bottiger
BE, Koopmans M;Food-borne viruses in Europe network (2006). Increase
in Norovirus activity reported in Europe Microbial infect Dis.(12):E061214.1.

22. Leon J (2008). In Vajdy, Michael. Immunity Against Mucosal pathogens,
springer Volume 29, Issue 6, P 232.

27



23. Lindesmith L, More C, Lependu J, Frelinger JA, Treanor J. Baric RS
(2005). “Cellular and Humoral Immunity following Snow Mountain Virus

Challenge . J. Virol. 79 (5):2900-9.

24. Lindesmith L, More C, Marionnrau S,Ruvoen X, Lindblad L, Stwart P,
Lependu J, Baric R (2003). Human susceptibility and resistance to Norwalk
virus infection. Nat. Med.9 (5):548-53.

25. Liu LJ, Liu W, Liu YX, Xiao HJ, Jia N, Liu G. Tong YG, Cao (2010).
Identification of Norovirus as the top enteric viruses detected in adult cases
with acute gastroenteritis. Am J Trop Med HYG. 82(4):717-22.

26. Marks PJ, Vipond IB. Regan FM, Wedgwood K, Fey RE, and Caul EO
(2003). A School outbreak of Norwalk-like virus: evidence for airborne

transmission. Epidemiol Infect; 131:727-36.

27. Moe C, Teunis P, Lindesmith L, McNeal FJC, LePendu J, Treanor J,
Herrmann J, Blacklow NR, and Baric RS (2004). Norovirus dose response
second international Calicivirus conference, Dijon, france. Emerg Infect Dis.
2000;6:36-41.

28. Morillo SG, Timenetsky Mdo C (2011). Norovirus: an overview. Revista Da

Associacaao Medica Brasileira; 57 (4): 453-8.

29. Murata, Toshio, Katsushima, Noriko Mizuta, Katsumi MD, Muraki,
Yasushi MD, Hongo, Seiji  Matsuzaki, (2007). Prolonged Norovirus
Shedding in Infants <6 Months of Age With Gastroenteritis volume 26, Issuel-
PP46-49.

30. Nakagomi , J. Correia, O. Nakagomi, F. U. Montenegro, L. E. Cuevas, N.
A. Cunliffe, C. A. Hart (2008). Norovirus infection among children with acute

28



gastroenteritis in Recife, Brazil: disease severity is comparable to Rotavirus
gastroenteritis Arch Virol 153: 957.

31. Noda M, Fukuda S, Nishion O (2007). Statistical analysis of attack rate in
Norovirus foodborne outbreak. 122(1-2): 216-20.

32. Nrodgren J, Nitiema LW, Ouermi D, Simpore J, Svensson L (2013). Host
Genetic Factors Affecting Susceptibility to Norovirus Infection in Burkina
faso. pLos ONE 8 (7): e69557.

33. Oldak E, Sulik A, Rozkiewicz D, Liwoch-Nienartowicz N (2012). Norovirus
infection in children under 5 years of age hospitalized due to the acute viral
gastroenteritis in Northeastern Poland. Eur j Clin Microbiol Infect Dis.
31(4):417-22.

34. Patel MM, Widdowson MA, Glass RL, Akazaawa K, Vinje J, prashar
(2008). Systemic literature review of the role of Noroviruses in sporadic
gastroenteritis. Emerg infect Dis 14:1224-1231.

35. Roger I. Glass., Umesh D. Parashar, and Mary K. Estes, N Engl J Med
(2009). Norovirus Gastroenteritis Engl J Med; 361:1776-1785.

36. Tamura T, Nishikawa M, Anh DD, Suzuki H (2010). Molecular
epidemiological study of Rotavirus and Norovirus infection among children
with acute gastroenteritis in Nha Trang, Vietnam, Jpn J J Infect Dis, 63(6):405-
11.

37. Tung Gia Phanl, Toshimasa Kuroiwa, Kunio Kaneshil, Yuichi Uedal,
Shigekazu Nakaya, Shuichi Nishimura, Atsuko Yamamoto, Kumiko
Sugita, Tadashi Nishimura, Fumihiro Yagyu, Shoko Okitsul, Werner E.G.

29



Mdller, Niwat Maneekarn and Hiroshi Ushijima, (2006). Changing
distribution of Norovirus genotypes and genetic analysis of recombinant Glib
among infants and children with diarrhea in Japan volume78, Issue7, pages
971-978.

38. Victoria, Matias , Carvalho-Costa, Filipe Anibal Heinemann, Marcos
Bryan Leite, José Paulo ; Miagostovich, Marize (2004). Prevalence and
Molecular Epidemiology of Noroviruses in Hospitalized Children With Acute

Gastroenteritis in Rio de Janeiro, Brazil volume 26, Issue 7, PP 602-606.

39. Widdowson MA, A Sulka, SN Bulens, RS Beard, SS Chaves, R
Hammond, EDP Salehi, E swanson, J Totaro, R. Woron PS. Mead, JS
Bresee, SS Monroe, and R1 Glass (2005). Norovirus and foodborne disease,
United States, 1990-2000. Emerg. Infect. Dis. 11:95-102.

40. Wobus CE, Karst SM, Thackray LB. Chang KO, Sosnovtsev SV, Belliot
G, Krug A, Mackenize JM, Green K'Y, and Virgin HW (2004). Replication
of Norovirus in cell cuture reveals a tropism for dendritic cells and

macrophage. PloS Biol. 2:e432.

41. Zaghloul MZ, EL-Sahn SF and Galal ZA (2013). Coinfection of Rotavirus
Group A, Norovirus and Adenovirus in Egyptian children with Gastroenteritis.
life Sci J10(2):848-852.

30



