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Member of the Human Enteric Viruses

e “Functional” rather than taxonomic group
e Common features

e Many routes of transmission

e Source of contamination human feces (perhaps
vomitus)

e |nfection initiated in Gl tract
 Symptoms largely gastrointestinal in nature

* Many transmission routes
* Person-to-person
e Drinking water
* Fomites
* Soil
e Bathing water
e FOODS




Presenter

Presentation Notes

Obligate intracellular parasites (not alive, require a host cell to propagate)
Most cannot be propagated in vitro/no animal model
Inert in foods  (cannot grow in the food matrix)
Simple structure, RNA genome (single-stranded RNA viruses, positive sense RNA, protein coat, no lipid envelop)
Transmitted by humans (Humans only source; for wild-type viruses, rely on source of human feces from infected individuals)
Feces
Vomitus (norovirus)
At-risk foods  (3 major categories)
Molluscan shellfish (become contaminated by growing waters in which human feces have been dumped or otherwise deposited)
Fresh produce (become contaminated by the hands of pickers or by irrigation waters contaminated with human fecal matter)
Foods with extensive human handling (contamination by poor personal hygiene of infected food handlers, or by aerosolization and deposition of virus due to vomiting events)
Highly transmissible between people
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Table 1
Human and Animal viruses (potentially) related with food-borne outbreaks.

Viruses Evidence * Clinical features
Norovirus NoV  (+)sRNA yes gastroenteritis
Hepatitis A virus HAV  (+)sRNA yes enterically hepatitis
Rotavirus dsRNA yes severe gastroenteritis

(children)

Astrovirus ASV (+) RNA yes mild gastro-enteritis
(children)

Adenovirus Ad dsRNA possible ! respiratory, eye,
gastroenteritis
infections

Enterovirus EV (+)RNA less common respiratory, eye, central
nervous infections

Hepatitis E virus HEV  (+)RNA yes enterically hepatitis

Tickborne TBE (+)sRNA yes, less encephalitis via

encephalitis common unpasteurized milk of
TBE infected animals

Parvovirus ssDNA little gastroenteritis

evidence

Coronavirus (+)sRNA linked to respiratory and

sewage- gastroenteritis
(water) infections

Torovirus (+)sRNA role gastroenteritis in

unknown humans?

Picobirna virus (+)sRNA role gastroenteritis in

unknown immunocompromised

Y see also: Greening GE. Human and Animal viruses in food(including taxonomy of enteric viruses).

In Viruses in Foods. Ed. S.M. Goyal. Springer Science+Business Media, LLC, New-York. Pg 5-42.

) ho documented evidence for food-borne transmission or disease resulting from consumption of
contaminated shellfish

From: Duizer and
Koopmans, 2007
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Presentation Notes

This slide shows the wide diversity of human enteric viruses which can be transmitted by foods.  The most epidemiologically significant are human noroviruses (HuNoV), hepatitis A virus (HAV), and human rotavirus.  Rotavirus transmission is more linked to water than food, so this presentation will be limited to the HuNoV and HAV.
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History of Foodborne Virus Emergence—
Let’s Not Repeat this One!

e “Infectious” hepatitis or
“epidemic jaundice”

 |n 1940’s, recognized as an
entity separate from
“acquired” or blood-borne
hepatitis

e Late 1950’s to early 1960’s,
the Willowbrook studies

 Mentally disabled children
were fed fecal extracts from
symptomatic patients

* Developed classic hepatitis
symptoms

Krugman, S., and collagues. Giles, J. P. and Hammond, J. (1967). Infectious
hepatitis. Journal of the American Medical Association, 200, 365.
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Studies under direction of Saul Krugman
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Discovery of the “Norwalk” Agent

e Human challenge studies (1940s
and 1950s) sought to identify
causative agent of “acute non-
bacterial gastroenteritis”

e Electron microscopic examination
stool specimen collected from
1971 outbreak in Norwalk, Ohio
revealed presence of 27 nm
particle

e Subsequent human challenge
studies confirmed this as the
infectious agent

Kapikian, A. Z., Wyatt, R. G., Dolin, R., et al. (1972). Visualization by immune electron
microscopy of a 27 nm particle associated with acute infectious nonbacterial gastroenteritis.
Journal of Virology, 10, 1075-1081.
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The Caliciviridae Family
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The Norovirus Genus
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Figure 1| Genome organization and capsid structure. a | The norovirus genome is composed of three open reading ) — o e c g “@ 200 %
frames (ORFs). ORF1(~5 kb) is located in the first two-thirds of the genome and encodes a ~200 kDa polyprotein that is ol % -‘c}‘\ ﬂw‘.@e Y
auto-processed by a virally encoded 3C-like protease (3C) to yield the non-structural replicase proteins that are essential G\ 7 FLDSG60-USA | 1.00 it ' W A
. o o I ) . ) ‘ 4USA T s 1.00, RIS
forviral replication™, The resultant proteins are: p48, an amino-terminal protein of unknown function (~48 kDa); nucleoside 5C0el 0% S2UGI-JPN
triphosphatase (NTP), a 2C-like protein; p22, a 22 kDa 3A-like protein; viral genome-linked protein (VFC), a protein that is E anﬂ‘-“'“ g 100 , 100 gov.GBRO3
covalentlylinked to the 5 end of the genome; and RNA-diracted RNA polymerase (RdRp), a 3D-like protein. ORF2 is 1.8kb Pl b i U!u C58-USA @ .
inlength and encodes the 57 kDamajor structural capsid protein, viral protein 1(VP1). VP1 s divided into two domains, the w00 oes/ si7 100 WRIB-GBR ;
shell domain {yellow) and the pratruding domain, which is further divided into two subdamains known as P1 (blue) and P2 100 CS841-USA
(red). ORF3 is ~0.6 kbinlength and encodes a 22 kDa minor basic structural protein, VP2 (REF. 89). b | The structure of the ssWUGf-JPN E
VP1 monomer is shown, with protein domains coloured as for part a. ¢ | Two capsid protein monomers form the A-B dimer ’E'DEUsa
(indicated with the A monomer in lighter shades and the B monomer in darker shades), which allows the P2 domain to

protrude from the viral particle. d | The virus-like particle is formed of 180 monomers of the capsid protein that assemble \ i Sag.
through different dimers. The A-B dimer, shown in colour, extends away from the capsid and provides the receptor-binding Py \ % .

region and the sites of antigenic variation. In the virus particle, VP2 is incorporated in low copy number. Structural models !
were generated and pictures were rendered using MacPyMOL (Delano Scientific LLC, Palo Alto, California, USA).

From: Donaldson et al., 2010

From Zheng, 2005
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The Smoking Gun: Epidemiological Significance

Food-Related lllness and Death
in the United States

Paul S. Mead. Laurence Slutsker. Vance Dietz, Linda F. McCaig.
Joseph S. Bresee. Craig Shapiro.
Patricia M. Griffin., and Robert V. Tauxe
Centers for Disease Control and Prevention, Atlanta, Georgia, USA

Foodborne lliness Acquired in the
United States—Major Pathogens

Elaine Scallan,' Robert M. Hoekstra, Frederick J. Angulo, Robert V. Tauxe, Marc-Alain Widdowson,
Sharon L. Roy, Jeffery L. Jones, and Patricia M. Griffin

eLeading cause of acute viral gastroenteritis worldwide

eLeading cause of food borne disease (~50%)
*Hospitalization rate 0.03, 14,663 (8,097-23,323) annually [26%, 2" in

rank]
*149 (84-237) deaths annually [11%, 4t in rank]

*May be a significant cause of FBD of unknown etiology?
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The Challenges

e Methodology
e Control
e Capacity
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Norovirus Epidemiology:
Burden;Attribution, and Surveillance

Aron J.Hall, DVM, MSPH, DACVPM
CDC Viral Gastroenteritis Team
ajhall@cdc.gov

Conference for Food Protection Workshop, Indianapolis, IN
April 14,2012

Division of Viral Diseases
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NOROVIRUS 101

GV (murine)

Gl (human)

Hall 2011 MMWR






Emergent Gll.4 Norovirus Variants

Years of Pandemic
Variant Circulation Season Other Names

95/96-US 1995-2002 1995-1996 Grimsby
Farmington Hills 2002-2005 2002-2003 2002

Hunter 2003-2006 None 2004

Yerseke 2006-2008 20062007 Laurens, Nijmegen, 2006a
Den Haag 2006—present 2006—2007 Minerva, 2006b

New Orleans 2009-present None*

*Based on data available as of September 2010, the New Orleans Gll.4 variant has not been associated
with an increased number of norovirus outbreaks in the U.S.

Hall 2011 MMWR

Clinical Disease

Incubation period: 12-48 hours

Acute-onset vomiting and/or diarrhea
— Watery, non-bloody stools
— Abdominal cramps, nausea, low-grade fever

Most recover after 12-72 hours

— 10-12% seek medical attention; some
require hospitalization and fluid therapy

— More severe illness and death possible in
elderly and those with other illnesses

30% of infections are asymptomatic

Hall 2011 EID
Phillips 2010 Am J Epid
de Wit 2001 Am J Epid

4/19/2012





Laboratory Diagnostics

No cell culture or animal model available

Real-time RT-PCR

— Quantitative assay provides estimate of viral load
— Available in public health laboratories and research facilities

Conventional RT-PCR
— Sequence analysis used for genotyping
— Capsid gene (regions C and D)

Enzyme immunoassays (EIA)
— Complicated by antigenic diversity

— Currently inadequate sensitivity for clinical use in diagnosing
sporadic cases

Viral Shedding

Primarily in stool, but also vomitus
Occurs for at least 2-3 weeks

Peaks 4 days after exposure
— 10°-10"" viral copies/gram feces
— May persist after resolution of
symptoms

Infectious dose: 218 viral particles

Infectivity of shed virus and role of
asymptomatic shedding in transmission is

unknown
Atmar 2008 EID
Aoki 2010 J Hosp Infect
Teunis 2008 J Med Virol

4/19/2012
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Treatment

* No specific antiviral agents or vaccines
currently available

» Supportive care for dehydration,
primarily oral or IV fluid therapy

» Antibiotics, antiemetics, antimotility
agents generally not recommended

Immunity and Genetic
Susceptibility

* Human volunteer studies demonstrated short-
term homologous immunity (<6-12 mos)

* Little persistent cross-protective immunity

* Genetic susceptibility/resistance
— Histo-blood group antigens
— Secretor status (FUT2 gene)

Johnson 1990 JID
Lindesmith 2003 Nat Med
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Transmission

* Person to person
— Direct fecal-oral
— Ingestion of aerosolized vomitus
— Indirect via fomites or contaminated environment

* Food

— Contamination by infected food handlers
— During production of shellfish and produce

* Recreational and Drinking Water
— Well contamination from septic tank
— Chlorination system breakdown

Norovirus Transmission Cycle

Intestinal Pathology
Asymptomatic

Present Absent

(Protected) (Susceptible to Infection)

Transmission Vehicles

Person-to-| Environment Water

Secretor Person & Fomites

(Susceptible to infection)
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DISEASE BURDEN

Burden of Foodborne Norovirus in
the United States

» Causes 58% of all domestically-acquired
foodborne illness from known agents

— #1 cause of illness

— #2 cause of hospitalization
— #4 cause of death

Costs $2 billion per year in medical care
services and lost productivity

Scallan 2011 EID
Batz 2011






4/19/2012

Challenges to Estimating

Norovirus Disease Burden
* No national case-based reporting

* No rapid, sensitive clinical assays widely available

* Most AGE patients do not seek medical care and
even fewer submit stool specimens

* Coding for most viral AGE pathogens in
administrative data is insensitive and unreliable

 Limited laboratory-based data available on role
of viruses in sporadic AGE

Laboratory-Based Approach to
Estimating Incidence

» Collaborate with clinical laboratories with
known population catchments (e.g., HMO)

* Sample stools submitted for routine clinical
diagnostics (i.e., bacterial culture)

* Perform molecular diagnostics for norovirus

» Extrapolate detection rates to incidence
using healthcare utilization rates
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Incidence of AGE by Etiology,
Kaiser Permanente of Georgia
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Hall 2011 EID

Indirect Modeling Approach to

Estimating Incidence

Utilize national or nationally-representative
administrative datasets

— Deaths
— Hospitalizations
— Emergency department and outpatient visits

Develop time-series regression models to
identify proportion of cause-unspecified
gastroenteritis likely due to specific causes

Analyze model residuals to estimate
norovirus-associated burden
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Modeled Attribution of Cause-Unspecified
Gastroenteritis Deaths Among =65 year-olds, US,
1999-2007

700 | m=mBackground and Secular Trend Predictengotavirus
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Hall 2012 CID

Modeled Attribution of Cause-Unspecified
Gastroenteritis Deaths Among 265 year-olds, US,
1999-2007
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Hall 2012 CID

10





Number of Norovirus-Associated Deaths by

No. of Deaths

Seasonal Year, US, 1999-2007

1999-00 2000-01 2001-02 2002-03 2003-04 2004-05 2005-06 2006-07

Hall 2012 CID

Etiologic Attribution of Gastroenteritis-
Associated Deaths, US, 1999-2007

Rotavirus _Norovirus
1%._ [ 7%
Other bacteria_
2%

Parasites_ —
3%

Unattributed..
16%

\_C. difficile
71%

Hall 2012 CID

4/19/2012
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Summary of Findings from

Indirect Incidence Analyses

Severe norovirus-associated disease has been
previously underestimated

Greatest burden and highest rates of severe
disease and death are in the elderly (265 years)

— Burden in young children (<5 years) is comparable
to that of rotavirus prior to vaccine program

Pronounced winter seasonality with peaks
during December-February

Surges by up to 50% during epidemic years
associated with emergence of new variants

Annual Burden of Norovirus
Disease in the United States

\, 800 Deaths

‘ 71,000 Hospitalizations

41 4,000 Emergency Dept Visits

1 .7 million Outpatient Visits

‘ 21 million Episodes

Hall 2012 CID; Lopman 2011 CID; Gastaiiaduy 2012 EIS; Hall 2011 EID; Scallan 2011 EID
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OUTBREAK SURVEILLANCE

Norovirus Outbreaks

» Leading cause of epidemic gastroenteritis

— 50% of all cause gastroenteritis outbreaks
worldwide

— 50% of all foodborne disease outbreaks in the
United States due to known etiologies

* Occur year round, although peak activity
during winter months

* Periodic emergence of new variants
sometimes associated with increased
number of outbreaks

Patel 2009 J Clin Virol
CDC 2009,2010,2011 MMWR

4/19/2012
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Outbreaks of Acute Gastroenteritis, 30 States

No. outbreaks

2007-2010

Non-norovirus um Norovirus

GIl.4 New Orleans
strain emerged

Jan-07 Jul-07 Jan-08 Jul-08 Jan-09 Jul-09 Jan-10
Month-Year

Yen 2011 CID

Known Causes of Foodborne Disease
Outbreaks, U.S., 2006-2008

Other/MuItipIeT‘
Chemicals 4%

6%

By N
Parasites__

1%

Norovirus

/. 51%

Bacteria/

38%

CDC 2009 MMWR
CDC 2010 MMWR
CDC 2011 MMWR

4/19/2012
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CDC Role During Outbreaks

* Consultation and assistance from NCIRD Division of
Viral Diseases

— Epidemiology:Viral Gastroenteritis Team
— Laboratory: National Calicivirus Laboratory

* Coordination of multi-state outbreaks

» Special studies to elucidate transmission dynamics
— Secondary household attack rates and risk factors
— Immunologic, genetic, and environmental factors

* National outbreak surveillance
— NORS
— CaliciNet

State and Regulatory Partner
Roles During Outbreaks

« State and local health departments

— Lead agencies in most norovirus outbreak
investigations

— Interview patients, collect stool specimens, perform
clinical diagnostic testing

* Regulatory agencies

— Collaborate when epidemiologic link established
between food and illnesses

— Coordinate recalls of implicated foods including
trace-back and trace-forward

— Perform food sample diagnostic testing, depending
on specific food matrix (e.g., oysters)

4/19/2012
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Restaurant-associated Gll.12 Norovirus
Outbreak, North Carolina, 2009

Cases* of Gastroenteritis after Eating at Involved COunty, state,
Restaurant by lliness Onset Date CDC, FDA, & academia
(N=177)
Associated with
steamed oysters
(OR=12)

LDHH closed growing
area and issued recall

Recalled product
distributed to =211
states

Number of Cases

o e e e e . Secondary cases in
T T e e e 20% of households

Alfano-Sobsey 2011 Epid Infect

Norovirus Infections Associated with
Frozen Raw Oysters, Washington, 2011

3 of 7 diners consumed raw oyster
dish at local restaurant
— All 3 developed gastroenteritis 18-
36 hours later lasting 24-48 hours

— One tested positive for norovirus
17 days after onset

Internationally distributed product
with 2-year shelf life
— Harvested 7 months before being
consumed by WA cluster

— Imported from Korea and
distributed to 8 US states;
subsequently recalled

— Tested positive for norovirus by
FDA Gulf Coast Seafood Laboratory

CDC 2012 MMWR

16





National Outbreak Reporting
System (NORS)

Comprehensive national
surveillance system for all US
enteric disease outbreaks

Launched February 2009 N O RS g

Assess the national burden and ()
temporal trends of outbreaks

Identify priority settings and
populations for interventions

Characterize outbreaks, e.g.:
— Pathogen

— Setting

— Mode of transmission

Mode of Transmission in Norovirus
Outbreaks, 20 States, 2009 (N=613)

~Waterborne

/ <0.1%

_Environmental
0.2%

[Other/Unknown
| 7%

Person-to-

person
78% Foodborne

15%

Preliminary CDC data

4/19/2012
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Setting of Confirmed Norovirus
Outbreaks, U.S.,2010-2011 (N=1518)

Other &
Unknown —
15%

Cruise Ship___
4% '
School
4%
Hospital_—"
4%

Party & Event//
6%

Restaurant /
8%

CaliciNet

Molecular norovirus
genotyping network
(similar to PulseNet)

Data shared between public
health labs and CDC

Link outbreaks and identify
common sources

Identify emergent variants
Implemented March 2009
Currently 25 states certified

| __Long-term Care

Facility
59%

Preliminary CDC data
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CaliciNet: Participating States and OSC

* CN-Outbreak Support Centers

CA: AZ, UT, WA

ID: AK, MT, WY
WI: 1A, KS, MO

TN: AL, LA, MS

NY: MA, RI, WV
CDC: IL, ND, NE, SD

0 S
HI
State and Local laboratories certified (n = 25)
CaliciNet: initiated March 2009 l:l . . L
- State and Local laboratories pending certification

CN-Outbreak Support Centers: November 2010 \:I State and Local laboratories submitting to CN-OSC

Data exchange: Bionumerics v 5.1 and higher
Updated: 11/08/11

Correlation Between Transmission Route and
Genotype, CaliciNet, March 2009-May 2010

Foodborne Outbreaks Person-to-Person Outbreaks
by Genotype (n =78) by Genotype (n = 340)

GlI.4 Minerva GlI.4 Minerva

al.
_ Gll.4 Osaka .4 Osal
(Riviera) - A (Riviera)

Odds ratio: 4.1 (2.5-6.9), p<0.0001

Preliminary CDC data

4/19/2012
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ATTRIBUTION

Rationale for Attribution Analyses

» Despite demonstrated burden, few
evidence-based interventions exist

* Attribution to specific foods can help
identify targets for interventions

* Improve understanding of role of food
workers and contamination pathways

4/19/2012

20





4/19/2012

Foodborne Norovirus Outbreaks
Reported to CDC, 2001-2008 (N=2922)

* Average 365 outbreaks annually

(1.2 outbreaks/1,000,000 persons)
— 58% laboratory confirmed

— 26% included genogroup information
* 78.0% Genogroup Il
* 18.5% Genogroup |
* 3.5% both GI/GII

* Outbreaks reported by all 50 states and DC
— 10% involved residents of multiple states/counties
— 2% involved exposures in multiple states/counties

Hall 2011 IAFP

Foodborne Norovirus Outbreak-Associated
llinesses by Age and Outcome, 2001-2008

Characteristic Estimated Average Annual Incidence per
Annual llinesses (%) 1,000,000 personsP
Age group (years)
<5 215 (2) 10.6
5to 19 1,827 (18) 30.3
20 to 49 4,923 (48) 39.8
50+ 3,359 (33) 37.7
Outcome
Healthcare Provider Visit 1,247 (12) 4.3
Hospitalization 156 (1.5) 0.5
Death 1 (0.01) 0.002
Total llinesses 10,324 (100) 35.2

aProportions among illnesses with age and outcome data extrapolated to all illnesses
bIncidence calculated using U.S. census data for study period midpoint (2004)

Hall 2011 IAFP
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Setting of Foodborne Norovirus Outbreaks
Reported to CDC,2001-2008

Location of Food Preparation? Outbreaks IIInesse? per Outbreak
No. (%) Median (Range)
Restaurant or Deli 1824 (62) 12(2-811)
Private Home or Event® 754 (26) 18 (2-400)
School or Daycare 95(3) 43 (7-425)
Nursing Home 66 (2) 35(4-160)
Other 598 (20) 28(2-1200)
Total 2922 (100) 15(2-1200)

2 Multiple locations may be implicated in a given outbreak
bIncludes church, caterer, grocery store, private home, or picnic

Hall 2011 IAFP

Identification of Implicated Source(s) in
Foodborne Norovirus Outbreaks Reported
to CDC, 2001-2008

Neither
37%

Hall 2011 IAFP

22





No. of Outbreaks

No. of Outbreaks

4/19/2012

Foods Implicated* in Norovirus Outbreaks
Reported to CDC by Commodity and Point
of Contamination, 2001-2008

140
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49% produce
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*Limited to outbreaks with a simple food (consisting of a single commodity) implicated.
**Insufficient or conflicting information provided in outbreak report.
Hall 2011 IAFP

Foods Implicated* in Norovirus Outbreaks
Reported to CDC by Commodity and Point
of Contamination, 2001-2008
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*Limited to outbreaks with a simple food (consisting of a single commodity) implicated.
**Insufficient or conflicting information provided in outbreak report.
Hall 2011 IAFP
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Summary of Attribution Analyses

On average, at least one foodborne norovirus
outbreak occurs every day in the United States

Most common scenario: Ready to eat foods prepared
in commercial settings where food handler contact
contributed to contamination

Nearly all commodities have been implicated

— Those typically eaten raw are most common (leafy
greens, fruits, mollusks)

— Most contamination occurs at point of
preparation/service, except with mollusks

— Production-level contamination of produce identified
rarely, but likely under-recognized

PREVENTION AND CONTROL

24
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Updated CDC Guidelines

http://www.cdc.gov/mmwr/pdf/rr/rr6003.pdf

Developed by CDC based on
literature review and
unpublished data from
outbreak investigations Updated Norovirus Outbreak Management

and Disease Prevention Guidelines

Input from state and local
health departments and
regulatory partners

Reviews advances since
previous guidelines (2001)

Provides recommendations for
general outbreak management
and disease prevention

Published March 2011

Prevention and Control

» Rapid reporting, response, and investigation
— lIdentify mode of transmission and source of contamination
— Collect appropriate specimens

25
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Prevention and Control

* Promote appropriate hand hygiene Germ Farm
— Wash with soap and water = 20 seconds ®
— Alcohol-based hand sanitizers?

www.1stin-handwashing.com

Prevention and Control

* Prompt and thorough disinfection
— Bleach solution for contaminated surfaces
— Other EPA-approved disinfectants?

26
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Prevention and Control

* Manage and exclude ill persons
— 2 24-72 hrs after symptom resolution
— Accommodating sick pay/leave policies for staff

™: NEW ENGLAND
JOURNAL of MEDICINE

Norovirus Vaccine against Experimental
Human Norwalk Virus lliness

Randomized double blind placebo-controlled multicenter
trial with healthy adults 18-50 years old

Safety,immunogenicity, and efficacy of intranasally
delivered norovirus VLP vaccine after homologous challenge
with Norwalk virus (genotype Gl.1)

Vaccine protected against illness (~50%) and decreased
infection frequency (~25%)

First demonstration that a norovirus vaccine can prevent
disease

Key questions remaining: duration of immunity, cross-
protection, other formulations, other age groups

Atmar 2011 NEJM
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Centers for Disease Control and Prevention

CDC 24/7: Saving Lives. Protecting Pecple. Saving Maney thiough Prevention
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Norovirus

Text size: [F M| L| XL
Noravirus is a very contagious virus that can infect anyone. You can get it from an
infected person, contaminated food or water, or by touching contaminated surfaces. The ’@‘Q &
virus causes your stomach or intestines or both to get inflamed. This leads you to have

» -y (& Print page
stomach pain, nausea, and diarrhea and to throw up. These symptoms can be serious M% _., ©) Bookmark and share
el

far some people, especially young children and older aduilts. more »

page

Contact Us:
@l Centers for Disease

Symptoms Control and
The most common symptoms are: Emventon

Norovirus Topics

About Norovirus
Overview about the virus, how it
spreads, s toms, treatment..

For Food Handlers

Information about how nerovirus
spreads through contaminated food
and wal

Preventing Nerovirus Infection
You can help protect yourself and
cthers from norovirus infection by
following some simple ti

Trends and Outbreaks
Information about how common
norovirus illness is, who gets infected,
and when...

For Health Care Providers

<, tra

reporting, investig

n,
, treatment...

Laboratory Te:
Types of labo ing done to

guidelines, reporting systems..
Resources & References

Scdientific articles and educational
s related to nerovirus...

« diarrhea
« throwing up
+ nausea

« stomach pain
Other symptoms include:

» fever

= headache

« body aches

You can get dehydrated if you ara not
able to drink enough liquids. You may

urinate less, have a dry mouth and
throat, and feel dizzy.

More »

Hew Hours of
Operation

gam-gpm ET/Menday-
Friday

Clesed Helidays
cdeinfo@ede.gov
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Noroviruses at Retail: Current

Challenges and Future
Opportunities

Lee-Ann Jaykus, Professor
Dept. of Food, Bioprocessing and Nutrition

USDA NereCORE
= | Food Virology
United States Department of Agriculture Collzborative for G;iuiesearch & Education

National Institute of Food and Agriculture
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Outline

 The Challenges

— Methodology
— Control
— Capacity

 The Opportunities





NCSTATEUNVERSITYV|
The Challenges--Methodology

e Human noroviruses (HuNoV) cannot be
cultivated in vitro and there is no
relevant animal model

e Adequacy of cultivable surrogates
e Strain diversity

e No licensed or officially approved
detection methods (clinical, food, or
environmental samples)

e The infectivity dilemma





NCSTATEUNVERSITYV|
The Relevance of Surrogates

Surrogates for the Study of Norovirus Stability and Inactivation
in the Environment: A Comparison of Murine Norovirus and

Feline Calicivirus

JENNIFER L. CANNON,! EFSTATHIA PAPAFRAGEKOU.2 GEUNWOO W. PARK.! JASON OSBORNE.S

Comparative Efficacy of Seven Hand Sanitizers against Murine
Norovirus, Feline Calicivirus, and Gll.4 Norovirus'

GEUN WOO PARK,'* LESLIE BARCLAY,! DAVID MACINGA,? l)li‘:\l\'li CHARBONNEAU; CHARLES A, PETTIGREW,?
AND JAN VINJE!

LEE-ANN JAYKUS.2 anp JAN VINJE!'#

IErmvironmental Science and Engineering, University of North Caroling, Chapel Hill, North Caroling,; and *Deparmment of Food

Science and *Department of Staristics, North Carcolina State Universisy, Raleigh, North Carclina, USA

Reduction n titer”

FCV
Contacttime  qRT-PCR (log  Plaque assay ~ gRT-PCR (g Plaque assay
Active ngredient  Conen (%) (mmin) RNA copyfml)  (log PFUMml)  RNA copyml)  (log PFUfml)
Ethanol 50 | 0.1 402 03404 03+ 046 03+01
5 02+ 0.1 04+03 00403 22+ 06
il | 324035 =36 03403 05406
5 39+ 05 =36 0.0+02 26403
90 | 11+ 06 32407 0.1+ 04 0.1+02

infectivity reduction ( log PFU/mI)

pH stability for 30 min incubation

N VNV
/1 FCV
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Strain Diversity

*Strain Diversity
*Antigenic
*Genetic

*Propensity toward mutation
and recombination

*Take home message:
L ots of strains

°Fre.quent emergence of new
strains

*Few broadly reactive reagents
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Clinical Detection Challenges

Diagnostic Accuracy and Analytical Sensitivity of IDEIA Norovirus
Assay for Routine Screening of Human Norovirus’

Verénica Costantini,'* LaDonna Grenz,” Angela Fritzinger,” David Lewis,* Christianne Biggs,”

Antony Hale,” and Jan Vinjé'

Division of Viral Diseases, National Center for Immnunization and Respirarory Diseases, Centers for Disease Control and Prevention,
Atlanta, Georgia 30333"; Oregon State Public Health Laboratory, Hillsboro, Oregon 971247 Commonwealth of Virginia,
Division of Consolidated Laboratory Services, Richmond, Virginia 23219°; Virology Department,

Leeds Teaching Hospitals NHS Trust, Leeds LS1 3EX, United Kingdom

Received 29 March 2010/Returned for modification 14 May 2010/Accepted 10 June 2010

Norovirnses (NoVs) are recognized as the leading cause of epidemic and sporadic acute gastroenteritis. Early
detection of NoV is crucial to control the spread of the disease, In this study, we evaloated the diagnostic accuracy,
analytical sensitivity, and analytical reactivity of the IDEIA Norovirus assay (an enzyme immunoassay [ELA]) in a
prospective and retrospective stody design. A total of 557 prospectively collected fecal samples and a panel of 97
archived fecal samples, including 21 different Gl and GII genotypes, were tested by conventional reverse transcrip-
tion-PCR (RT-PCR)/bidirectional sequencing, real-time RT-PCR, and electron microscopy. The sensitivity and
specificity of the ELA were 57.6% and 91.9%. rvespectively. The sensitivity for detecting NoV in fecal samples from
outhbreaks improved from 44.1% when three samples were tested to 76.9% when five samples per outbreak were
tested. The EIA was able to detect strains from 7 GI and 11 GII genotvpes. The analytical sensitivity of the ELA was
3.1 x 10° and 1.6 x 107 virus particles g~" of fecal sample for NoV GI and GII strains, respectively. Most GII
samples positive by ELA had a threshold cyele (Ch) of <26.5, and 50% of the G1I samples negative by E1A had a C;
of =256, suggesting that, although strains from genotypes GLS, GIL10, and GIL16 were not detected, the low
sensitivity of the EIA is primarily cansed by low virus concentration. In conclusion, the current EIA may be of nse
as a rapid screening test during a norovirns outhreak investigation when multiple fecal samples are available;
however, sporadic samples should be tested by molecular methods,
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Detection Challenges--Food and

Environmental Samples

* No approved commercial methods
available in the U.S.

e Detection in foods

 Low levels of contamination

e Unable to cultivate

e Genetically/antigenically diverse

e Large sample sizes relative to small
amplification volumes

e Diverse, complex matrices

* Interference/inhibition

e Virus concentration and purification
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The “Infectivity Dilemma”

* What constitutes a “positive” ,
for infectious virus? N
* Naked RNA vs. infectious virus i %A
* Particle:infectious particle ratio s e
e Viral aggregation? g, , : .
e Gradual vs. instantaneous? * 5 ———

e Can we use RT-gPCR to

measure virus infectivity?
e Measuring capsid integrity
* Measuring virion integrity
e Likely to be process-specific

e The goal: positive RT-gPCR
signal = Infectious particle | -

o]
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The Challenges--Control

* Characteristics of virus infection
 Environmental persistence and transferability
e Resistance to commonly used disinfectants

e Resistance to common food preservation and
processing practices

* Vomiting
 Managing behavior of food handlers
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Transmissibility of HUNoV:

Contributing Factors

°Low infectious dose (50% of susceptible individuals
at ~5 x 103 quantifiable genome copies)

*How many infectious particles?

*How much fecal material?
*High level of shedding (10°-10*° particles/g feces)
*Prolonged post-symptomatic shedding
*Asymptomatic shedding
*Role of vomitus
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Human Challenge Studies
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Persistence of HUNoV on Surfaces

® SSD=31.3d, R=0.77

45 X A FormicaD=28.5d, R=0.89

B CeramicD=34.4d, R2=0.90
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; . o
35 § % x I
: -
3
1 )

Log No.copies RNA/reaction

0 T T G s T
0 5 10 15 20 25 30 35 40 45

Time (days)

From: Escudero-Abarca et al., 2012
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Transferability

N GIll HuNoV and Lettuce
)
0 #t= 0 min
% Ht=15 min
;\5' t=30 min
; Wt= 60 min
° mt= 120 min
100g/9cm? 1000g/9cm?
time (min)
24, e a € a e a € a C
— 1.8 -
QL 6
2 14
% 1:2 J H RT-PCR
) 21 B PLAQUE ASSAY
MNV-1 and Deli Turkey Meat S o0s
o 0.6 -
C 04
0.2 -
o .
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From: Escudero-Abarca et al., 2012 time (min)
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Disinfection Efficacy

Hypochlorite Disinfection (RT-qPCR)
c
] NV GiL4 MNVL Comparative Efficacy of Seven Hand Sanitizers against Murine
o Fev Norovirus, Feline Calicivirus, and Gll.4 Norovirus'
35 - ¢
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Efficacy of Ethanol-Based Hand
Sanitizers

Eftectiveness of Liquid Soap and Hand Sanitizer against Norwalk
Virus on Contaminated Hands"

Pengbo Liu,! Yvonne Yuen,'§ Hui-Mien Hsiao,! Lee-Ann Jaykus,” and Christine Moe'*

Center for Global Safe Water, Hubert Department of Global Health, Rollins School of Public Health, Emory University, Atlania,
Georgia 30322," and Department of Food Science, North Carolina State University, Raleigh, North Carolina 27695*

o iy

TABLE 1. In vivo efficacies of hand wash agents against NV evaluated by standard and modified ASTM methods®

Standard ASTM method Madified ASTM method
Exposure Avg log reduction (SD) Avg log reduction (SD)
n n
No RNase RNase No RNase RNase
Dry control 20 0.20 (0.28)* 0.16 (0.06)% 20 0.22 (0.25)* 0.20 (0.24)%
Hand sanitizer 20 0.14 (031)* 0.27 (0.12)* 10 0.22 (0.22)* 034 (0.22)*
Liquid soap® 20 0.94 (0.46)® 0.67 (0.47)¥ 10 1.20 (0.64)® 1.10 (0.49)Y
Water rinse® 20 0.75 (0.63)® 0.58 (0.37)¥ 20 1.58 (0.48)°8 1.38 (0.49)"

“ Different superscript capital letter designations in a column indicate statistically significant differences (P < 0.05) between mean log,, reductions by disinfection/
removal treatments for the finger pad eluates with no RNase treaiment (A and B) or with RNase treaiment (X and Y) prior to RTqPCR.

® There was a marginal statistical difference (P = 0.048) berween the results from the standard and modified ASTM methods for samples that received the RNase
treatment.

¢ In comparing the results of the standard and modified ASTM methods for each disinfection/removal treatment, statistically significant differences (P < 0.05) were
observed for treatments either with no RNase treatment or with RNase treatment prior 10 RT-qPCR.
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Conventional Preservation and Processing

Controls

Traditional microbiological indicators
of fecal contamination

Intrinsic parameters
—a,
— pH
Extrinsic parameters

— Temperature (heat and cold)
— Preservatives

Standard food processes
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Persistence of Gll.4 in SGF Suspension

NV GIl.4 Persistence in Suspension

7
y =-0.0038x + 5.3981
6 * ’ R? = 0.0826
; . y =-0.0053x +5.43

5 B R2=0.1871
S y =-0.0175x + 5.4894
® R?=0.3849
s54
g y =-0.0279x + 5.3993
S 3 R? = 0.5809
o
-1
S .

2 @ SGF with Rnase

B SGF without Rnase
1 A PBS with Rnase
X PBS without Rnase
0 —— Linear (SGF with Rnase)
0 5 10 15 20 25 30 35 40 45 —— Linear (SGF without Rnase)
Time (Days) —— Linear (PBS with Rnase)

Linear (PBS without Rnase)

HuNoV GlI.4 persistence in suspension of SGF or PBS, over the
course of 42 days, with or without RNase pretreatment prior to RT-
gPCR
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Presentation Notes

Difference between SGF and PBS with RNase
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Emerging Processing Technologies

Randomized, Double-Blinded Clinical Trial for Human Norovirus
Inactivation in Oysters by High Hydrostatic Pressure Processing’t

Juan 8. Leon,'t David H. Kingslev.*t Julia S. Montes,'$ Gary P. Richards.® G. Marshall Lvon,?
Gwen M. Abdulhafid,® Scot R. Seitz,” Marina L. Fernandez,! Peter F. Teunis,!
George . Flick.* and Christine L. Moe'*

Hubert Departmany of Global Health, Bollins Scheal of Public Health, Emaory University, Aidanta, Georgia 30522
Uidted States Depanment of Agriculure, Agriculniral Research Service, Delaware State Universig, Dover,
Delaware 10000% Emeary Universite, Avlanea, Georgia 30322%; and Virginia Polvtechnic Institute and
State Universioy, Blackshurg, Virginia 24061%

TABLE I. Distribution of stody subject infection statos among
oyster treatment groups

Ma. of subjects irdected)
total 9%

Fhizizs Treatment conditions postchallenge with: 1-'a|]:e"
HPP-treatsd Unireated
oyshers oysters®
1 400 MPa, 25°C, Smin  3/3¢60)  TAS(4T) 10000
2 60 MPa, 6°C, Smin 0400y TAS(4T) 00202
3 400 MPa, 6°C, Smin 314(21)  TAS{4T)  0.2451

“ The conirol groop represented the combined number of controls ewver phase
1 threugh phase 3 {m = 15) becans: sach contral recemved unireatsd HuMNoW.
seeded row oysters with the saime amonnt of HuMoV inoculom.

* Fisher's exact two-sded test compared each treatment growp to all of the
confrok (ie., the total nuraber of subjects challengesd with non-HPP treated
CVEbeTs ).
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The Role of Vomiting?

Recurring Norovirus Transmission on an
Airplane

Craig N. Thomley,! Nicola A. Emslie,2 Tim W. Sprott2 Gail E. Greening,? and Jackie P. Rapana’

T8uckland Regional Public Health Semvice, Auckland District Health Board, Auckland, Mew Zealand; 2Air New Zealand Medical Unit, Air New Zealand,
Auckland, New fealand: and *Environmental Health Food Group, Institute of Environmental Science and Ressarch, Porirua, New Zealand

(See the Editorial Commentary by Lopman, on pages 521-22.)

Epideriol. fnfece. (20011), 139, 317-325.  © Cambridge University Press 20010
doiz10.1017/309 502688 1000098 1

A norovirus outbreak associated with environmental
contamination at a hotel

H KIMURA™ K. NAGANO* N. KIMURA®* M. SHIMIZU? Y. UENO*,
K. MORIKANE® AND N. OKABE*®

Disease Transmission and Passenger Behaviors
during a High Morbidity Norovirus Outbreak
on a Cruise Ship, January 2009

Mary E. Wikswo," Jennifer Cortes, Aron J. Hall," George Vaughan,? Christopher Howard,2 Nicole Gregoricus,?

and Elaine H. Cramer®

Mational Center for Immunization, and Respiratory Diseases, and ZMational Center for Environmental Health, Centers for Disease Control and
Prevention, Atlanta, Georgia






NC STATE UNIVERSITY

Food Handling

From: Mokhtari and Jaykus, 2008






NC STATE UNIVERSITY

Schematic Diagram of the Model
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What-If Scenario Analysis: Hand

Washing Compliance vs. Efficiency

Average Number of NoV/ Particles in Food Servings
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Table: Number of recommended and actual handwashing (HW) episodes
per hour, and estimated handwashing time needed to comply with
frequency recommendations in selected institutional food service,
restaurants and retail food store facilities

stores

Setting Number of Number of actual | Estimated time to | Source
recommended handwashing perform
handwashing episodes recommended
episodes! performed? number of HW
episodes?
Institutional Foodservice
Assisted-living facilities 7 1 7 Strohbehn et al., 2008
Childcare centers 9 2 9 Strohbehn et al., 2008
Schools 11 1 11 Strohbehn et al., 2008
Commercial Foodservice
Restaurants 9 2 9 Green et al., 2006
Restaurants 29 0 29 Strohbehn et al., 2008
Catering businesses® 17 5 17 Clayton and Griffith,
2004
Deli departments, 272 42 27 Lubran et al., 2010
chain stores
Deli departments, independent | 172 12 7 Lubran et al., 2010
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The Challenges--Capacity

e Reagent availability

e Standardized protocols

e Trained professionals

e Need for trans-disciplinary collaboration
e Cost

e Public and industry awareness
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The USDA-NIFA Food Virology Collaborative

@ Long Term Goal: To reduce the burden of food borne disease associated
with viruses, particularly noroviruses

@ Approach: Multi-disciplinary team working in an integrated manner to
develop improved tools, skills, and capacity to understand and control
food borne virus risks

@ Objectives (Cores):

E .
Molecular virology Detection Core

= Detection
Epidemiology & Risk

= Epidemiology and Risk Analysis Analysis Core

= Prevention and Control
Molecular Virology Core

Q
| .
®)
)
c
e,
o+
(q0)
O
>
©
L

= Extension and Outreach

= Education and Capacity Building
Control Strategies Core
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Partners in the Food Virology Collaborative
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Presentation Notes

As you can see here we have quite a few formal partners working in the collaborative including public academic institutions, private academic institutions, and academic institutions representing historically-under-represented groups.  We don’t just have academic partners but we have representation from the USDA Agricultural Research Service, CDC and FDA.   
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Stakeholder Engagement
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Presentation Notes

The list of stakeholders is even longer.  These are organizations that have interest in our research, outreach, and education efforts.  The key stakeholders include public-private food safety research centers, food companies, companies that support the food industry (those producing sanitizers, testing services), regulatory organizations and a number of relevant trade organizations.  Representatives from these groups constitute the Collaborative’s advisory committees. 



http://www.charm.com/index.php

http://www.ecolab.com/Index.asp

http://en.wikipedia.org/wiki/Image:Dupont_logo.jpg

http://www.matrixmsci.com/index.htm
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Research Activities

e Molecular Virology: Develop improved methods to facilitate
the study of foodborne viruses

e Detection: Develop and validate sensitive, rapid, and practical
methods to detect and genotype HuNoV in relevant sample
matrices

e Epidemiology and Risk Analysis: Collect and analyze
population data on the burden of virus-associated foodborne
disease, including epidemiological attribution and
characterization of risk and costs

e Prevention and Control: Improve understanding the
occurrence and behavior of HuNoV in the food safety
continuum so as to inform development of scientifically
justifiable control measures.



Presenter

Presentation Notes

As I mentioned before the research activities for the collaborative are broken down into four core areas.  

One of the biggest limitations to the study of norovirus is that it is uncultivable, meaning that we can’t grow it in the lab.  To get enough virus to study we have to infect volunteers and collect stool samples.  So one of the key research activities in the Molecular Virology core is developing a way to culture this virus in the lab.  

In the detection core we hope to develop sensitive, rapid and practical methods to detect and genotype human norovirus in relevant sample matrices, namely food products, with the goal of commercializing these methods.  This will include some mathematical modelling, developing methods of detection, determining ways to discriminate between infectious and non infectious virus an of course validating all of these methods.

For the epidemiology and risk analysis core we will develop and apply risk models in order to estimate the economic, endemic and epidemiological burden of food borne disease caused by human norovirus.

In the final research core of prevention and control the aim is to improve the understanding of the occurrence and behavior of human norovirus.  We will be monitoring the occurrence of norovirus pre and post harvest and we’ll be looking at potential alternative indicator organisms; together with industrial partners we are looking at developing novel agents for hand and surface decontamination, and we’ll also look at testing some of these new technologies in foods with the ultimate goal of commercialization.
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Extension, Outreach, and

Education Activities

e Extension and Outreach: Translate and disseminate
new knowledge about foodborne viruses into
practices that reach target audiences in relevant
work environments and across a wide array of
stakeholder groups

e Capacity Building: Build scientific and human
capacity to support increased and sustained efforts
in food virology by fostering information and
exchange, expanding professional capacity through
formal student education and training initiatives
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Conclusions

e We're working on it.....
e Thorough and frequent handwashing!

Do not assume that simple surface disinfection with
standard chlorine concentrations will eliminate viruses
on fomites or other surfaces

e Take care to manage vomiting events in food
processing and retail establishments

e Pay attention to restrooms
e Give us your feedback, experiences
e Stay tuned, more to come....
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U.S. Food and Drug Administration
FID/A

Protecting and Promoting Public Health

www.fda.gov

FDA Norovirus Risk Profile

Presented to The Conference for Food
Protection Workshop on Norovirus

Wendy Fanaselle, M.S., R.S., D.AA.S
CAPT, USPHS, FDA, CFSAN
April 14, 2012





U.S. Food and Drug Administration www.fda.gov
FIDYA

Protecting and Promoting Public Health

Outline

What is a Risk Profile?

Focus & Scope of the Norovirus

Risk Profile

The Science
Factors that influence stabllity
Sources of Norovirus
Transmission Routes

Control Options

Conclusions

Single stranded, non-enveloped RNA
virus belonging to the family
Caliciviridae





U.S. Food and Drug Administration www.fda.gov
FIYA

Protecting and Promoting Public Health

Risk Profile

A science-based document that...

1) Describes the current state of knowledge
about a specific food safety problem or issue

2) Provides an evaluation of the data and
Information to support current interventions or
new approaches to reduce or prevent ilinesses

Ref: Codex Alimentarius Commission, 19t Procedural Manual, http://
www.codexalimentarius.net/web/ procedural_manual.jsp, accessed April 13, 2010 4




http://www.codexalimentarius.net/web/



U.S. Food and Drug Administration www.fda.gov
FIDYA

Protecting and Promoting Public Health

Risk Profile

A science-based document that....

Provides gualitative answers to guestions
about the hazard and options for
controlling it, based on available data
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Protecting and Promoting Public Health

How will FDA
Use a Risk Profile?

 FDA has adapted this tool as a new approach to assist
the agency in its regulatory decision making.

 The information in a risk profile may affect a range of
decisions, such as whether or not to commission a
guantitative risk assessment or a request for research, or
whether or not to implement an immediate and/or
provisional regulatory decision.

e In some cases, it may reveal that no further action is
needed.
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FIYA

Protecting and Promoting Public Health

Scope of Norovirus Risk Profile

The objectives of the risk profile are 3-fold:

 Provide a comprehensive review of the available
science on NoV and its mode of transmission

* Provide information for decision-making in relation
to potential options to interrupt the NoV
transmission pathway

* |dentify knowledge gaps for the purposes of
research planning
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Analyst)
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Protecting and Promoting Public Health

Why Is NoV so Hard to Control?

e Acute onset of vomiting (often explosive)
and diarrhea (also often explosive)

 |nability to culture human NoV has limited our
ability to identify effective controls

 All Surrogates have differences from human
NoV and strains within Genogroups may also
react differently

 There are many different sources and
transmission routes

 Thevirus is shed in very high levels and has

a very low infectious dose °
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FIDYA

Protecting and Promoting Public Health

Transmission of Norovirus

* Fecal-Oral Route: Primary route responsible
for causing foodborne outbreaks

e Airborne Inhalation of microscopic
droplets:

 Person-to-Person: Important means of
sustaining & spreading an outbreak

 Environment-to-Person: Important means of
sustaining & spreading an outbreak





Norovirus: An Infectious Disease
In the Community

May be more than one genogroup circulating
Immunity is short-lived
About 1/3 of population is asymptomatic

Can'’t overlook role that contaminated food & water
plays in community outbreaks

Role of biofiims?

Genogroup Il — May differ from NoV Gl strains In
Infectivity, amount shed in the stool, stability outside of
the host and disinfection properties

Genogroup 1l.4-- Most widespread genogroup globally

IN communities
10
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Questions?
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Vessel Sanitation Program

Cruise Ship Norovirus Surveillance and Control
Strategies

National Center for Environmental Health






Mission
0 Prevent the introduction,transmission, or spread of

communicable diseases into the United States

0 Assist cruise ship industry in developing and
Implementing comprehensive sanitation programsto
minimize therisk for gastrointestinal ilinesses










VSP Program Components

0 Inspections

a Survelllance & Outbreak
Investigations






Surveillance

0 Report 24 hoursbefore arrival at a U.S. port
o Submit a4-hour update

o Submit a special report when gastrointestinal iliness
reaches 2% and again at 3%

0 Use electronicreporting system






GISSreporting requirements

0 Routinereporting
— 24-36 hours before arrival
— 4-hours before arrival
O Special reporting
— Notification: > 2% pax/crew
— Outbreak:> 3%

— Anytime during a cruise when
within 15 days of USarrival

0 Based on symptoms
0 Datafrom the AGElog






What Is a Reportable Case?

Areportable case of Gl illnessisdefined as...

Diarrhea (3 or more loose stoolsin a 24-hr period), or
what isabove normal for the individual

- Or -
Vomltlng + one other symptom (24-hr period):

One or more loose stools
« Abdominal/stomach cramps
e Headache
* Muscle aches (myalgia)
e Fever (>38°Cor 100.4°F)
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Why Are AGELogs So Important?

Passengerto crew case ratio
Diarrhea to vomiting ratio

Symptom type and duration
Estimate percentage onboard trulyill
Identify additionalcases not reported
Plot epidemic curve






Outbreak Management and Prevention

Ship’sroles and responsibilities

2 Written outbreak prevention and response protocols
(OPRPs)

O Strict implementation of OPRP procedures

o Dutiesand responsibilities of each department and their
staff

o Stepsinoutbreak management and controland the
trigger required action at each step

2 Disinfectant products used with concentrations and required
contact times






Outbreak Management and Prevention

Ship’sroles and responsibilities -continued

2 Proceduresforinforming passengersand crew members of
the outbreak

0 Procedures for returning the vessel to normal operating
conditions afteran outbreak

0 Proceduresto protect the passengersand crew from exposure
to disinfectants

0 When AGEofpaxor crew members is > 2%, disinfect all public
areas,including handrails and restrooms,on a continuous
basis

10
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Example Lessons Learned

Convert self-service to served buffets
Vomit and diarrhea clean-up or ‘hit squads’
Large venue and ill cabin fogging

No cross-contact with disembarking/embarking
passengers (port terminaland bus transports)

CDCto cruise lines notification of 2% Gl ships

lll cabin laundryand dishware separately collected
and cleaned

11





Vessel Sanitation Program
2011 Operations Manual

U.S. Department of Health and Human Services

UL.S. Public He
and P tion/
ironmental Health

Know what’sin the book

12






For more information please contact

Centersfor Disease Control and

Prevention
Vessel Sanitation Program
4770 Buford Highway NE-MS59 1850 Hler Drive —Suite 101
Atlanta GA 30341-3724 USA Fort Lauderdale, FL 33316-4201 USA
Telephone:  770-488-3141 Telephone: 954-356-6650
Fax: 770-488-4127 Fax: 954-356-6671

Toll Free: 800-323-2132
TTY: 888-232-6348

Email: vsp@cdc.gov / Web: www.cdc.gov/nceh/vsp

The findings and conclusions in this report are those of the authors and do not necessarily represent the official position
of the Centers for Disease Control and Prevention.

(s
National Center for Environmental Health 5 4 M
B .
p
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