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Objectives 
 At the conclusion of this session, the participant  

will be able to accomplish the following: 
 

 Describe the basic epidemiology of norovirus including 
burden of disease, and diagnostics and surveillance in the 
United States.  

 Define the role of norovirus in foodborne disease in the 
United States.  

 Identify community groups and healthcare settings most 
susceptible to severe outcomes from norovirus 
gastroenteritis.  

 List infection control measures and resources available for 
the control of norovirus.  
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 In compliance with continuing education requirements, 
all presenters must disclose any financial or other 
associations with the manufacturers of commercial 
products, suppliers of commercial services, or 
commercial supporters as well as any use of unlabeled 
product or products under investigational use. CDC, our 
planners, and the presenter for this presentation do not 
have financial or other associations with the 
manufacturers of commercial products, suppliers of 
commercial services, or commercial supporters.  This 
presentation does not involve the unlabeled use of a 
product or products under investigational use.  There 
was no commercial support for this activity. 
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CME:  The Centers for Disease Control and Prevention is accredited by the Accreditation Council for Continuing Medical  
Education (ACCME®) to provide continuing medical education for physicians. The Centers for Disease Control and  
Prevention designates this electronic conference/web-on-demand educational activity for a maximum of 1 AMA PRA  
Category 1 Credit™. Physicians should only claim credit commensurate with the extent of their participation in the  
activity. Non-physicians will receive a certificate of participation. 
 
CNE:  The Centers for Disease Control and Prevention is accredited as a provider of Continuing Nursing Education by the  
American Nurses Credentialing Center's Commission on Accreditation.  This activity provides 1 contact hour. 
 
CEU:  The CDC has been approved as an Authorized Provider by the International Association for Continuing Education  
and Training (IACET), 1760 Old Meadow Road, Suite 500, McLean, VA 22102. The CDC is authorized by IACET to offer 1  
ANSI/IACET CEU for this program. 
 
CECH:  Sponsored by the Centers for Disease Control and Prevention, a designated provider of  continuing education  
contact hours (CECH) in health education by the National Commission for Health Education Credentialing, Inc. This  
program is designed for Certified Health Education Specialists (CHES) to receive up to 1 Category I CECH in health  
education. CDC provider number GA0082. 
 
CPE:              The Centers for Disease Control and Prevention is accredited by the Accreditation Council for  
Pharmacy Education as a provider of continuing pharmacy education. This program is a designated  
event for pharmacists to receive 1 Contact Hour in pharmacy education. The Universal Activity Number 
is 0387-0000-13-008-L04-P and enduring 0387-0000-13-008-H04-P. Course Category: This activity has  
been designated as knowledge based. 
 
AAVSB/RACE:  This program was reviewed and approved by the AAVSB RACE program for 1.2 hours of continuing 
education in the jurisdictions which recognize AAVSB RACE approval.  Please contact the AAVSB Race Program at 
race@aavsb.org if you have any comments/concerns regarding this program’s validity or relevancy to the veterinary  
profession. 
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Outline 

1. Basic epidemiology of norovirus  

2. Groups susceptible to severe outcomes  

3. Role of norovirus in foodborne disease  

4. Available infection control measures and 
resources  



Noroviruses 

http://www.washingtonvoices.com/wp-content/uploads/2011/07/Norovirus.jpg
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5.6 
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1.7 million 

 

 

21 million 

 

Norovirus disease burden in the 
United States 

Hall 2012 CID  
Lopman 2011 CID 

Gatanaduy 2013 JID 
Scallan 2010 EID  



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 

Widdowson 2005 EID 
Phillips 2010 Am J Epid  
de Wit 2001 Am J Epid 

Normal intestine 

Virus-infected intestine 



Viral Shedding 

• Primarily in stool, but also vomitus 
 

• Occurs for at least 2-3 weeks 
 

• Peaks 4 days after exposure 
– 1010 viral copies/gram feces 

– May persist after resolution of  

 symptoms 
 

• Infectious dose: 18 to 1000 viral particles 
 

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

Atmar 2008 EID   
Teunis 2008 J Med Virol 



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 



Genetic classification of noroviruses 
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GII.4 Norovirus Pandemics 

Winter Season GII.4 Strain Increase of  outbreaks in US 

1995-96 Grimsby (US95/96) Yes 

2002-03 Farmington Hills Yes 

2004-05 Hunter No 

2006-07 Minerva (2006b) Yes 

2009-10 New Orleans No 

2012-13 Sydney ?? 

Pre - Pandemic  

1995 -1996 1998 - 2000 

1985 2006 1995 2002 2004 

First GII.4 
( Genbank ) 

1987 

- 
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1998 - 2000 
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2006 

First GII.4 
( Genbank ) 

2009 
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1974 

New Orleans 

2009 
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2002-2003 

1997 

Noel et al., 1999 
Widdowson et al., 2004 

MMWR 2007 
Yen et al., 2011 
van Beek 2013 

2012 

Sydney 



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 



Norovirus Transmission Cycle 

Uninfected person 

Host factors related to susceptibility 

-Acquired immunity 

-Genetic susceptibility 

-FUT2 secretor status 

-Behavior 

-Hand hygiene 

Environment 

Food 

Water 

Direct  

Person-to-person 

Infected person 

Host factors related to transmissibility 

-Symptomatic/asymptomatic infection 

-Presence of vomiting 

-Behavior 

-Hand hygiene 

-Social distancing 

-Food handling 



Community norovirus incidence  
in England 

ANNUAL INCIDENCE 

< 5 years 27% (19 – 37) 

5-14 years 9.6% (6.1 - 14.1) 

15-44 years 5.2% (3.5 - 7.2) 

45+ years 2.4% (1.5 - 3.6) 

All ages 4.4% (3.6 - 5.4) 

Phillips 2010 AJE 



Lopman et al CID, 2005 

Duration of norovirus illness among staff, patients and 
residents of hospitals and resident homes. 

http://elib2.cdc.gov:2073/CID/journal/issues/v39n3/32864/32864.fg1.html


Severe outcomes are associated with GII.4 norovirus outbreaks: 
A systematic literature review: HOSPITALIZATION 

Crude rate per 
1,000 

Multivariable IRR 

Setting Community settings  7 1 

  Health care facilities 15 1.4 (1.0 - 1.8) 

Transmission Food/water 9 1 

  Person-to-person 14 1.0 (0.8 - 1.3) 

Strain1 Non-GII.4 outbreaks 2 1 

  GII.4 outbreaks 6 9.4 (6.1 - 14.4) 

*Based 843 outbreaks with: 
 71,724 cases  
 501 hospitalizations 
 45 deaths 

Desai et al, CID 2012 



Severe outcomes are associated with GII.4 norovirus outbreaks: 
A systematic literature review: DEATHS 

Crude rate per 
1,000,000 

Multivariable IRR 

Setting Community settings  2 1 

  Health care facilities 396 60 (6 - 609) 

Transmission Food/water 3 1 

  Person-to-person 271 2.8 (0.3 - 28.0) 

Strain1 Non-GII.4 outbreaks 36 1 

  GII.4 outbreaks 139 3.1 (1.3 - 7.6) 

*Based 843 outbreaks with: 
 71,724 cases  
 501 hospitalizations 
 45 deaths 

Desai et al, CID 2012 



Is norovirus a cause of death? 

Trivedi et al, JAMA, 2012 



Estimates of economic burden 

• Total cost of endemic norovirus ~$5.5 
billion/year 
– ~$500 million/ year in hospital costs 

• Most studies have quantified the cost of 
outbreaks 
– An outbreak in a single 946-bed U.S. hospital cost 

an estimated $650,000 

– Cost to the English National Health Service of 
nosocomial AGE outbreaks $184 million (2002/03) 

Barstch 2012 Vaccine 
Lopman et al CID, 2011 

Johnston 2007 JHI 
Lopman EIDJ 2004 



National Outbreak Reporting System 
(NORS) 

• Comprehensive national surveillance 
system for all US enteric disease 
outbreaks 
 

• Launched February 2009 
 

• 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 



Acute Gastroenteritis Outbreaks 
Reported to NORS, 2009-2010 
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Transmission Mode of Norovirus Outbreaks 
Reported to NORS, 2009-2010 (N=1910) 

Environment 0.3% 

Food 
26% 

Person to Person 
66% 

Unknown 8% 

Water 0.1% 

Hall 2012 OutbreakNet 



Setting of Norovirus Outbreaks Reported to 
NORS, 2009-2010 (N=1500) 

Long-term care 
facility 

60% 

Restaurant and 
banquet facility 

19% 

School and daycare 
7% 

Hospital 
3% 

Private home 
2% 

Other 
9% 

Hall 2012 OutbreakNet 



Setting of 1115 Norovirus Outbreaks in Six 
European Counties, 2002 

Lopman 2004 Lancet 



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 
Hoffman 2012 JFP 



Etiology of Foodborne Outbreaks Reported to 
CDC, 2006-2007 

CDC 2009 & 2010 MMWR 

Norovirus 
35% 

Bacteria 
26% 

Parasites 
1% 

Chemicals 
5% 

Unknown 
30% 

Other/Multiple 
3% 



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 



CaliciNet: Participating States and OSC 

Updated: 7/20/12 

State laboratories certified (n = 23) 

State laboratories pending certification (n = 5) 

State laboratories submitting to CN-OSC (n = 22) 
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Prevention and Control 
General 

• Rapid reporting, response, and investigation 
– Identify mode of transmission and source of contamination 

– Collect appropriate specimens 
 

• Promote appropriate hand hygiene 
– Wash with soap and water ≥ 20 seconds 

– Alcohol-based hand sanitizers? 
 

• Prompt and thorough disinfection 
– Bleach solution for contaminated surfaces 

– Other EPA-approved disinfectants? 
 

• Manage and exclude ill persons 
– ≥ 24-72 hrs after symptom resolution 

– Accommodating sick pay/leave policies for staff 



Prevention and Control 
In healthcare settings 

• Patient cohorting  
– Place patients with norovirus gastroenteritis on Contact Precautions for a 

minimum of 48 hours after the resolution of symptoms 

• Personal Protective Equipment (PPE) 
– Gowns and gloves upon entry 

• Patient Transfer and Ward Closure 
– Consider the closure of wards to new admissions or transfers  

• Environmental Cleaning 
– Consider changing privacy curtains routinely and upon patient discharge or 

transfer.  

• Rehydration therapy 
– Particular attention to children, elderly or otherwise vulnerable 





Norovirus Prevention Toolkit 
http://www.cdc.gov/HAI/organisms/norovirus.html#a4  

http://www.cdc.gov/HAI/organisms/norovirus.html
http://www.cdc.gov/HAI/organisms/norovirus.html
http://www.cdc.gov/HAI/organisms/norovirus.html


Guidelines 

• Updated Norovirus Outbreak Management 
and Disease Prevention Guidelines 
– MMWR Recommendations and Reports 

– http://www.cdc.gov/mmwr/preview/mmwrhtml/rr6003a1.htm 

• Guideline for the Prevention and Control of 
Norovirus Gastroenteritis Outbreaks in 
Healthcare Settings 
– Healthcare Infection Control Practices Advisory Committee (HICPAC) 

– http://www.cdc.gov/hicpac/norovirus/002_norovirus-toc.html  

 

http://www.cdc.gov/mmwr/preview/mmwrhtml/rr6003a1.htm
http://www.cdc.gov/mmwr/preview/mmwrhtml/rr6003a1.htm
http://www.cdc.gov/hicpac/norovirus/002_norovirus-toc.html
http://www.cdc.gov/hicpac/norovirus/002_norovirus-toc.html
http://www.cdc.gov/hicpac/norovirus/002_norovirus-toc.html
http://www.cdc.gov/hicpac/norovirus/002_norovirus-toc.html


A norovirus vaccine? 

• Intranasal vaccine based 
on Norwalk GI.1 VLPs 

• Safe and immunogenic 

• 47% effective against 
norovirus gastroenteritis 

• 26% effective against 
norovirus infection 

• Bivalent GI.1/GII.4 
vaccine currently being 
tested in human 
volunteers 

 

Atmar et al, NEJM 2012  
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Continuing Education Credit/Contact Hours  
for COCA Conference Calls 

 

 
 

    Continuing Education guidelines require that the attendance of all who 
participate in COCA Conference Calls be properly documented. All 
Continuing Education credits/contact hours (CME, CNE, CEU, CECH, and 
ACPE) for COCA Conference Calls are issued online through the CDC 
Training & Continuing Education Online system. 
http://www2a.cdc.gov/TCEOnline/  

      Those who participate in the COCA Conference Calls and who wish to 
receive CE credit/contact hours and will complete the online evaluation by 
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Thank you for joining! 

Please email us questions at 
coca@cdc.gov   

http://emergency.cdc.gov/coca  

mailto:coca@cdc.gov
http://emergency.cdc.gov/coca


 
 
 
 
 
 
 

Join Us on Facebook 

 CDC Facebook page for 
Health Partners! “Like” our 
page today to receive COCA 
updates, guidance, and 
situational awareness about 
preparing for and responding 
to public health emergencies.  
 
 
 

 
 http://www.facebook.com/CDCHealthPartnersOutreach 

http://www.facebook.com/CDCHealthPartnersOutreach

