VIRAL GASTROENTERITIS

Overview, Symptoms, Management, and Etiology
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GLOBAL IMPACT

deaths of children
per year

3rd

leading cause of
death in children

iliness seen globally. 0\
pathogens cause most of these cases: ©
* Acute viral diarrheal disease is generally self=
limiting in developed countries but can have
significant morbidity for young and older

* In developing countries, viral diarrheal

diseases are a significant cause of\ death,
200 000 especially in infants.
> ’ « According to the CDC, viral gastroenteritis
infections can account for over 200,000
deaths of children per year and are the
third leading cause of death in children
younger than 5 worldwide.
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OVERVIEW - CLINICAL FEATURES

Viral gastroenteritis commonly causes:

E » Cases may gccur s| dically or as g.:/gbreaks in closed
0

/ » Multiple viruses can cause gastroenteritis, but the exact
'@ viral agent is usually not identified in routine clinical

Nausea  Vomiting Diarrhea  Abdominal Anorexia  Weight _Dehydration
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0[Q ®  communities such as daycare centers, nursing homes,
W  cruisesships:
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Rapid symptom onset and promin miting may help
distinguish viral gastroenteritis from bacterial or
protozoal diarrhea. Also, viral gastroenteritis usually

involves#tn-bloody diarrhea.
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VIRAL GASTROENTERITIS - MANAGEMENT
Most cases of non-severe viral ( 1. HYDRATION AND ) 2. ORAL REHYDRATION | 3. ANTIDIARRHEAL DRUGS s"\ 4. ONDANSETRON )
gastroenteritis do not require ‘ ELECTROLYTE SOLUTION (ORS) @\M L used i g«c’m‘u\) (ql\—\{ emee )
specific medical therapy. The REPLACEMENT
mainstay of treatment include: Balanced sodium- @ May reduce
glucose solution that :yrnptos::s by May help
significantly reduces ~ e ea‘ 9 to reduce
mlig fro?n;w_— t) Secretion, vomiting
@ y- infectious diarrhea, fet‘iu‘;i"gl
(i) @ especially in g
b develcping moﬂllty. @
Replace lost fluids countries.
1 and electrolytei
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¢ INTENSTINAL LUMEN )\ —.—/ glucose
. ot ( é co-transport ] Q
Sodium o _-Z>\ O & Water
MNa) @ @ Glucose || @ P o
) into body

BENEFITS OF ORS
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Reduces Improves Reduces need for eS: ves':ﬁ'es"'.'
dehydration survival IV fluids d:ve;oplyng
countries

ETIOLOGY OF VIRAL GASTROENTERITIS

DEFINITIVE VIRAL CAUSES

Rotavirus

Norovirus .
in all age groups.

Leading cause of severe diarrhea in mfaﬂts ( ~40%
and young childrenworldwide. SM
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Astrovirus mild to moderate diarrhea.

Causes sporadic cases and

povi
Sa Eus of gastroenteritis.

Commen in children; usually causes

outbreaks
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@ Aiara :::: cause diarrhea, especna Iy in children ‘ V ) ~5-10%

p-
Most common cause of gastroenteritis outbreaks I. ~20-30%
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@ Estimated contribution to viral gastroenteritis cases

¢ LESS COMMON / UNCERTAIN VIRAL CAUSES
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OF GASTROENTERITIS
Aichivirus: Increxsungly identified in stool samples M@Qr of Picornaviridae.

Bocavirus: Detected in children with diarrhea Exact pathogenlc role
remains uncertain.

Coronavirus: Certain non-respiratory strains may cause Gl symptoms
istinct from SARS-CoV-2 respiratory infection.

Enterovirus: Occasionally associated with diarrhea.
—

Parvovirus: Sometimes implicated in gastroenteritis.

Pestivirus:  Associated with sporadic gastroenteritis cases.

Picobirnavirus: Frequently detected in jmmunocompromised patients.

Torovirus:  Linked to sporadic gastroenteritis cases.
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Hand Safe Safe Disinfection of Avoid close contact

hygiene water food

surfaces

during outbreaks

« Viral gastroenteritis is common worldwide and a major
cause of illness and death, especially in young children
in developing countries.

+ Usually self-limiting, but can cause severe dehydration.

+ Management focuses on hydration, electrolyte replacement,
and symptom relief.

» Multiple viruses can cause gastroenteritis; exact cause is
often not identified.




ROTAVIRUS GASTROENTERITIS

- VIROLOGY & STRUCTURE

ROTAVIRUS STRUCTURE

VP4 (P protein)
Spike

* Rotavirus is a non-enveloped,
double-stranded RNA virus
about100 nm in size.

Member of Reoviridae family

. g VP7 (G protein)
+ Rotavirus genome is composed

Spike

A ARrame Outer Capsid

* Rotavirus has a triple-layered (VP4 and VP7)

structure with an outer capsid
composed of VP4 (P protein)

and VP7 (G protein), an jinner

Inner Capsid
(VPé)

Core
< \capsid containing VP6, and a
central core; VP4 and VP7 11 segments
determine serotype specificity dsRNA genome
and induce neutralizing

protective antibodies.

+ Electron microscopy appearance
reveal a wheel-like structure

with radiating spokes. “rota” = wheel

+ Rotaviruses are environmentally
stable and resistant to elimination
by routine handwashing }\

§

Resistant to elimination
by routine handwashing

ROTAVIRUS GASTROENTERITIS

- EPIDEMIOLOGY & CLINICAL FEATURES

+ Worldwide, rotavirus is the most common viral
gastroenteritis in children

» The most common cause of severe diarrhea

amongst infants and young children in the United
States before the rotavirus vaccine was

introduced in 2006

=

« Rotavirus infection is seasonal, with its peak in the
winter\\from November-April.

» The peak incidence is between 3 months when
maternal antibody levels of protection may wane
with most infants impacted by the age of 2 years

* It can be asymptomatic or symptomatic with an
incubation period of 1-3 dazs and illness lasting
for 5-7 days
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the elderly, travelers are at
risk of illness

* Jmmunocompromised adults, 4 |

8

Fever Dehydration
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ROTAVIRUS GASTROENTERITIS - PATHOPHYSIOLOGY (PART 1)
VIRAL ENTRY, REPLICATION & DISEASE MECHANISMS
( DISEASE MECHANISMS 0 - Infection begins aft‘” °’t‘| ingestion o Oral ingestion o Attachment e Protease activation TARGET CELL
INCLUDE and W VP4 binds sialic acid Trypsin cleaves VP4
‘ enterocytes, and HBGAs into VP8 and VPS ’ ( \ / A 44:?.\‘
+ VP4 fpike protein is cleaved by “6’ VS (binds) ;‘ 'li-mf \t‘: “:I'w!' ‘
trypsin into VP8 which binds host . / VPS(penetratee) | | L
receptors (sialic acid and histo-blood \ ;
roup antigens HBGAs) and V5 that Ny q ﬂ ‘TJTU U‘ ‘ PP
mediates membrane penetration
Tk rewns Bbal +ype gt «Rde in diseuse sotx\\a/ v enterocytes
« After entry into enterocytes the o Penetration e U 9 | O Repli @) Assembly & release SITE OF REPLICATION
outer capsid is removed and viral VPS mediates Outer capsid Viral replication New virions assembled 20000
replication begins. removed in viroplasms and released 00V
= Viral renlicati g > » NANL-R P *
¥ _ <N + Viral replication occurs in :
‘ ES';::‘;’;:;‘VS‘;“S ) cytoplasrnic structures called . Sl —% ® TN\ £ .#‘
e — w B (8
| &2 W gy v c 3
ytoplasmic
‘p |M wﬁ‘ et MM\ Q 2 — structures called
* = viroplasms

L? VP4 (P protein) @ VP7 (G protein)

@ VP6 (inner capsid)

~van Viral RNA (11 segments) |

ROTAVIRUS GASTROENTERITIS - PATHOPHYSIOLOGY (PART 2)
ENTEROTOXIN (NSP4) & MECHANISMS OF ENTEROCYTE INJURY

@ nspainsertsinto
enterocyte membrane ’

+ Rotavirus enterotoxin (NSP4) is the \
major pathogenic enterotoxin of
rotavirus.

« It functions as a viroporin forming
a calcium-conducting ion channel
causing @leqse of Ca2* from the
endoplasmi leading to
increased intracellular Ca2+*.

Forms calcium-

e Ca** released from Increased intracellular

conducting ion channel endoplasmic reticulum Ca>* concentration
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Loss of microvilli
structure

1 Na* | Glucose l}

53 s @D P |
Reduced disaccharidase ulnhjhmon of Sodium- Enterocyte dysfunction Malabsorption,
enzyme actrwty Glucose Cotransporter 1 and necrosis secretory diarrhea,
i (SGLT1) function and fluid loss
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ROTAVIRUS GASTROENTERITIS - PATHOPHYSIOLOGY ROTAVIRUS GASTROENTERITIS - PATHOPHYSIOLOGY
(PART 1) (PART 2)

« Malabsorption occurs due to destruction of
enterocytes which leads to reduced
absorptive capacity, decreased Na® and _

water absorption, and reduced digestive
enzymes which results in osmotic diarrhea.

fomponent of diarrhea is
mediated by NSP4 enterotoxin with ENS
activation camincreased intestin_al__
secretion and fluid loss into intestinal
lumen

ENS contributes to diarrhea, vomiting, and
intestinal hypermotility. Mechanisms

signaling 2> W

|nvolve®athways and ugnc oxide

" @ MALABSORPTION
* Immune response involves

innate immunity, cellular
immunity, and_ humoral
immunity. Protective
antibodies develop mainly
against VP4 and VP7. ¢

Reduced Decreased Reduced
absorptive Na* and digestive [
capacity absorption enzymes

RESULT: OSMOTIC DIARRHEA [ \

9 SECRETORY DIARRHEA » Asingle infection does not

provide lifelong immunity.

( é io eated asymptomatic
| ENs
o Activation infections help maintain
long-term protection.
Increased intestinal
Emm“Pmd i secretion and fluid %L‘ wb the “S‘eo"'g
loss into intestinal o "‘*"ﬁ FP

« After first infection

() ENTERIC NERVOUS SYSTEM (ENS) 38% protected from

reinfection
imvolve: 77% protected from
« Diarrhea + Serotonin pathways diarrhea
. V""‘"‘"g +me 87% protected from
. Nim:oxxd-(NO) o
severe disease

Repeated exposures
\ increase immunity and
protection.

IMMUNE RESPONSE

Cellular
Immunity

Humoral

Immunity

Y

Protective antibodies
develop mainly against
VP4 and VP7.

Innate
Immunity

REPEATED ASYMPTOMATIC
INFECTIONS

W > S
ity ne o

SINGLE INFECTION

LONG-TERM
PROTECTION

PROTECTION AFTER FIRST INFECTION

38%

Protected from diarrhes 0

Protected from severe disease o

y Rotavirus mainly affects infants
(i) and young children

— |

D
Clinical presentation ind
fever, nausea and vomiting that

precede watery diarrhea +
N A~

Compared with Norovirus
infection, rus di

longer and typically persmsF
(2 wee K D3-9 days. Severe prolonged
diarrhea and dehydration are

major contributors to mortality.

Diagnosis involves stoo
testing commonly used for
rotavirus detection

xPcR

enters distal bowel)

* Due to high infant morbidity, rotavirus vaccination is recommended
for all infants without contraindications.

o RotaTeq®

(Live oral reassortment vaccine)

+ RotaTeq: Live oral
reassortment vaccine

9 Rotarix®

(Live oral vaccine)

+ Rotarix: Live oral
vaccine containing

ADMINISTRATION SCHEDULE
Administered at( 3 Jot@
‘
Y,

ROTAVIRUS GASTROENTERITIS -

VACCINATION (HISTORY)

« First vaccine: Rotashield
(licensed in 1998) was
effective but associated
with increased risk of
intuss on)3-20 days
after vaccination

« Withdrawn from
market in 1999

« Current vaccines
introduced in 2006:
RotaTeq and/RQtfa\r‘i\_x/

O

ROTAVIRUS GASTROENTERITIS — VACCINATION (CURRENT VACCINES)

ADMINISTRATION SCHEDULE

Given as:

containing|5 wral strains. 1 strain.
g 2 months 4 months _6 months r_: 4 months
) EFFECTIVENESS iy T
I o EFFECTIVENESS
S viral @ 08 ] ‘ = O =
strains i E_ _ Eﬁa m
98% 74% 96% » Given a
reduction in protection against reduction in 85-96% 96% Long-lasting
severe rotavirus any severity hospitalizations at _2,21 onths, 4_months. protection against reduction in pm!ectlon with
ga: itis ga: it severe di hospitalizati leted series
in first year over two seasons

KEY TAKEAWAY SUMMARY

Symptoms: fever, Transmission: fecal-
nausea, vomiting oral route via
preceding watery contaminated food,
diarrhea lasting water, or surfaces;
3-9 days. environmentally stable.

Immunity: partial 53 Vaccination: RotaTeq
protection after f .} (3 doses) and Rotarix
infection; repeated Atuectrcunt (2 doses) are safe
exposures increase . and highly effective.
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NOROVIRUS

GASTROENTERITIS

* Norovirus was the first viral agent proven
to cause gastroenteritis.

« Noroviruses belong to the Caliciviridag family
with single-stranded RNA positive-sense

genome. The virus is nen-enveloped about
37-41 nm in size
A A—

NOROVIRUS GASTROENTERITIS - EPIDEMIOLOGY

According to the CDC, Norovirus causes
annually 19-21 million illnesses,
56,000-71,000 hospitalizations, 570~
800 deaths.

ANNUAL IMPACT IN THE U.S.

(Positive-sense)

» Noroviruses are major pathogens because of the very low

ififections dose required for transmission, prolonged viral

shedding, and the ability to_survive in the environment. Secaste

* It cause about 18% of gastroenteritis cases worldwide
and is the leading cause of foodborne illness in the United
States.

of foodborne iliness all ages

cases worldwide in the United States
\e

‘ALICIVIRIDAE FAMILY

& * Noroviruses
* Sapoviruses

Norovirus Sapovirus

GlI strain is the mosticommon norovirus TiRe vwus s
genotype. Common butbreak)settings amrm‘& . oulore
Y Anke ,[ include cruise ships, nursing homes,

@ @ igh

O aks occur most commonly in
? r——— At : “winter vomiting disease"), but
of gastroenteritis

million 71,000 deaths
ilinesses hospitalizations

19-21 56,000- 570-800 |
|
|
J

schools, workplaces.

Cruise ships Nursing homes Schools Workplaces

* $$ n ion can occur year-round
N S e e

g

Incubation period is short (12-48 hours) followed
g by acute onset of nausea, vomiting, and watery
diarrhea. e

R Usually last - ut viral shedding
U:E may continue for weeks \W&Qaﬁi\c
amm . Ty Oo
individuals. 1\7 o &c e A{H Ks
‘ Prolon diarrhea may occur in children and
chronically immunosuppressed patients.

results from dLiaw‘_ric emptying

and abnormal gastric motor functiof]

NOROVIRUS GASTROENTERITIS — CLINICAL FEATURES

COMMON SYMPTOMS 3

Nausea Vomiting Watery Abdominal Low-grade
diarrhea cramps fever
3

HIGH-RISK GROUPS 3

1O a0

Infants and Immunocompromised

Travelers

Elderly

young children patients

OUTBREAK CONTROL IS DIFFICULT

| B
mEEme
n n
Close-contact E
environments persistence wral
shedding

TRANSMISSION ROUTES

Pr

water surfaces

Fecal-oral
| | route

NOROVIRUS GASTROENTERITIS - OUTBREAKS & INFECTION CONTROL

002
BN\,
|| Z ~ hl
Aggressive ?;?hm'nmmf Strict soap-and- g Causes theajority

environmental water hand hygiene effectively inactivated
cleaning W_ by alcohol-based
hand sanitizers.

FACTORS CONTRIBUTING TO EXPLOSIVE OUTBREAKS

MOST WORLDWIDE OUTBREAKS IN THE PAST DECADE
HAVE BEEN ASSOCIATED WITH THE Gll.4 STRAIN

of outbreaks

& Evolves fregdéntly i issi
i adaptable
r—, (neyariants P
emerge)

long-lasting
immunity
= VIRAL CHARACTERISTICS
g Very low infectious Resistant to
Person-to-person dose (as few as Stable in the heat and many

contact 18 viral particles) environment disinfectants



NOROVIRUS GASTROENTERITIS - PATHOPHYSIOLOGY (PART 1)

mM
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o Norovirus primarily targets immune cells= ﬁ : O NOROVIRUS INFECTION PATHWAY
including macrophages, dendritic cells, - S )

o & Ingestion of
B cells, and T cells Macrophage  Dendritic cell B cell Teell o ::’;vi:z -
I.umen M cell

e Microfold (M) cells are specialized MuAAANNRAA VWUAL0NNAD0 )
epithelial cells in gut-associated ‘ @ ( } ) @ b [ J‘@ e Norovirus reaches
lymphoid tissue (GALT). = el ol o |l ) small intestine

GALT
+ @ 2@ '@

e Norovirus exploits M cells to cross N"'“'"" Meall 9 Virus binds to HBGA B Mol
intestinal epithelium and reach = e onMicall I ﬂ}' m Jr
. Ul NI
immune target cells ‘

O Godoiyedmgice b W e (@) Tarseyoss s i} L8
the viru ithelium by ALY djl mm » ?AT ] mr‘{m._,. ﬂﬂh{‘ﬂj u,j, f M cell *
transcytosis @b 9] | @ *_ |1®|@ &]@ .

e Norovirus reaches 2 *
-~ X ; . i lis in GALT -
@ Productive epithelial infection is No productive infection Infection occursin 'm;nu:: e : 7 . #‘
not required of enterocytes immune cells and other sites ‘
LA TS I
'+ " | | W e l g v o Replication occurs in “
- - @ immune cells ﬁ . @

o Noroviruinds to HBGAs, Norovirus VP1 HBGAs fHisto-blood group antigens) *
influencing susceptibility to oy
infection l ) Q—a- ? ? No significant destruction of enterocytes

o TypeA  TypeB Typ‘ Q L”m - Minimal intestinal inflammation

NOROVIRUS GASTROENTERITIS - PATHOPHYSIOLOGY (PART 2)

@ Heaury cuT MicroBIoTA

© ~nmeioTic

TREATMENT

» Gut microbiota strongly influence norovirus i i

* Commensal bacteria express HBGA-like molecules and
promote norovirus infection of B cells

\

o
«° Antibiotic treatment ir mi

Commensal bacteria
express HBGA-like
molecules

Disrupts gut
microbiota

SN

%ﬁa, A

B g

decreased norovirus replication

* Restoring microbiota restores infectivity. Therefore, gut

bacteria facilitate viral replication. Gut microbiota suppress
type lll interferon antiviral activity. This promotes viral

Promote norovirus
infection of B cells

0

Decreased
norovirus
replication
(in mice)

persistence in the colon and prolonged viral shedding which
may explain chronic shedding after symptoms resolve

—

() EFFECT ON ANTIVIRAL RESPONSE

© restore MicrosioTA

Restoring microbiota Gut microbiota suppress
(restoration of HBGA-like type lll interferon
molecules) antiviral activity
NZ &P mN?® L o0
AR % ™ ;

(? =
TGS e

antiviral response

) A i \ﬂ+ Irr\
’) 0 O
' ﬁ & # g

Promotes viral persistence in
the colon and prolonged viral
shedding

J,,

Restores infectivity

i,

-&
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NOROVIRUS GASTROENTERITIS - DIAGNOSIS & INFECTION CONTROL

Immunoassay (ELISA) PCR (molecular testing)
| * Specific stool antigen tests are available for 2 Ampilification
identification of Norovirus. {1 e E
- [ 1
STOOL ' )C" 2
SAMPLE e ( Cycles |
« Noroviruses are among the most contagious Very low mfectlous dose nghly stable in environment ‘
enteric viruses because of the very low |
' infectious dose and high environmental @ e Q 3 7 10 ‘
ey m_"*"\ TR TR
[ ! |
« Hospitalized patients should be placed in Contact isolation Environmental disinfection ‘
fcm@Have rooms disinfected : i
= - n *'Gown Chiorine bleach
with chlorine bleach 1000-5000 ppm - |
i = B Y * Glowés 1000-5000 ppm
Approximately 1:50-1:10 dilution of Y » Dofleated i LI
CONTACT FI.EACH (1:50-1:10 dilution
|SOLATION household bleach. — ’ ip - of household bleach)

* Aleohol-based hand sanitizers may work
against some enteric viruses but are
Eneﬁective}against norovirus.

* Recommended hand hygiene: Handwashing
with soap and water for at least 20 seconds

2. Apply soap 3. Lather palms 4. Lather bacis. bctmnﬁngou.

20

seconds

S. Rinse well
thumibs, fingertips
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ASTROVIRUS GASTROENTERITIS

family, and it is non-enveloped,

* Astrovirus is a member of Astroviridae IR SIRCETURE izl

single-stranded RNA virus 25-30 nm in
size with characteristic five- or six-pointed
star appearance on electron microscopy

o Astrovirus causes 2—10% of viral
gastroenteritis in children

o Eight serotypes exist with|type 1| as
the most common. ‘

Usually causes mild gastroenteritis and

pitalization is rarely required

o |dentified using rg_ult_ip_lex%nwgmli
testing of stool samples ?Ct

* Genome: Single-
stranded RNA

o Structure: Nof-
enveloped

® Shape: Five- or six-
pointed star
appearance

——= ~ R

EPIDEMIOLOGY L

@... pitt

Affects Type 1is the

children of viral most common
gastroenteritis

ADENOVIRUS GASTROENTERITIS

® Human adenovirus is a non-enveloped
double-stranded DNA virus, 70-90 nm
in size

e Adenoviruses commonly cause
respiratory and %J_I/ar\ip\fg\ct)'grls/
NSNS
Gastroenteritis js mainly associated with

adenovirus species [, serotypes 40 and 41

e Adenoviruses cause 1.5-5% of viral
gastroenteritis in children <2 years

o Unlike rotavirus, adenovirus gastroenteritis
[ oes not show clear seasonali

VIRUS STRUCTURE

* Family: idanoviridas
* Genome: Daible-

stranded DNA

® Structure: Non-
enveloped

« stape- A
with fiber proteins

70-90 nm

@% /—\
‘ Respiratory Ocular
EPIDEMIOLOGY infections infections

1.5-5% GASTROENTERITIS ASSOCIATED WITH

of viral
gastroenteritis in
children <2 years

Adenovirus species F,

&
N s serotypes 40 and 41 'ﬁ' -ﬁ-

seasonality

ADENOVIRUS GASTROENTERITIS (CLINICAL & LABORATORY FEATURES)

Adenovirus gastroenteritis has a
longer incubation period than rotavirus

or norovirus at about 8-10 days

The illness duration is usually
5-12 days

Diagnosis is based mostly using

multiplex PCR testing of stool

samples

Adenovirus gastroenteritis occurs
most commonly in children,

immunocompromised patients

Adenoviruses are often resistant to
common disinfectants and may
remain infectious for prolonged
periods on medical instruments
and surfaces

INCUBATION & DURATION
1=
0O0O0|  Incubation period: @ lliness duration:
0ooo >
oooo)  8-10 days 5-12 days
had
- Multiplex PCR testing
@‘ of stool samples.

POPULATIONS MOST AFFECTED

@

Children Immunocompromised
patients

ENVIRONMENTAL STABILITY

f v Raci to dicind,
# May remain infectious for prolonged
@ periods on medical instruments and

surfaces

SAPOVIRUS GASTROENTERITIS

* Sapoviruses cause acute gastroenteritis in humans and

animals. long to the genus Sapovirus within the
famil

The incubation period ranges from less than 1 day to 4 days.
Major clinical symptoms include diarrhea and_vomiting;
however, additional constitmional—sy—mptom (L.e., nausea,

t h/abdominal ps, chills, headache, myalgia, or
malaise) are also frequently reported. Similar to the case
for norovirus illness, fever is a rare clinical symptom.
Diarrhea usually resolves within 1 week; however,

i g symptoms for a longer time (i.e., from

over a week to up to 20 days) were also reported

L S

In general, the @d sapovirus gastroenteritis is milder
than that for rotavirus and norovirus

VIRUS STRUCTURE

* Family: Caliciviridae
* Genus: Sapovirus

* Genome: Single-stranded

RNA (+ sense)
* Structure: Non-enveloped

CLINICAL FEATURES

25-30 nm

Diarthea  Vomiting

INCUBATION PERIOD FEVER ILLNESS DURATION PROLONGED SYMPTOMS (REPORTED) SEVERITY
Rare clinical Diarrhea usually From over a week fy\
ptom resolves within A e
it 1 week 7 ik Generally milder
than rotavirus

and norovirus



