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WATERBORNE DISEASES BY THE NUMBERS

U.S. cases per year(Rose et al. 2000)

U.S. deaths per year (Rose et al. 2000)

Total types of pathogenic bacteria, viruses, and 
protozoa that can be found in contaminated flood water
(Patz 2008)
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TYPES OF PATHOGENS THAT CAN BE 
FOUND IN CONTAMINATED WATER

Bacteria:Vibrio sp.,Campylobacter sp., 
Salmonella sp., and Echerichia coli sp.

Protozoans/Parasites:
Cryptosporidium, Giardia

Viruses:rotavirus, norovirus, enterovirus, 
calcivirus, adenovirus
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INCUBATION TIMES (IN DAYS)

7+71

VIRUSES & BACTERIA

Drayna et al., 2010

PROTOZOANS
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Flooding in Maryland in the aftermath of Hurricane Sandy.  Image courtesy of The National Guard, Maryland (from noaa.gov, Climate Toolkit 

Website).  Flooding is projected to increase in a warmer climate (IPCC 2013).

HEAVY RAINFALL 
AND AGI
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Heavy rainfall 

and flooding 

were the mostly 

commonly 

reported events 

preceding an 

outbreak. (Cann, K.F., 2013; Curriero et al., 2001) 
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OVERALL STUDY 
OBJECTIVE
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STUDY PERIOD: 2008-2012



METHODS:
HEALTH DATA

DEMOGRAPHIC DATA
METEOROLOGICAL DATA

9



METHODS
HEALTH DATA: NCDETECT
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METHODS
HEALTH DATA: NCDETECT
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Emergency Departments Reporting to NC DETECT 

by General Bed Capacity
(as of Nov. 2014, 122 EDõs reporting)



DISEASE OUTCOMES IN THIS STUDY THAT ARE 
ASSOCIATED WITH CONTAMINATED WATER
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DISEASE OUTCOMES IN THIS STUDY THAT ARE 
ASSOCIATED WITH CONTAMINATED WATER

ICD-9 Codes utilized:
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DISEASE OUTCOMES IN THIS STUDY THAT ARE 
ASSOCIATED WITH CONTAMINATED WATER

ICD-9 Codes utilized:
Å001-009 (intestinal infectious diseases)

ÅExamples: Cholera (001), Salmonella (003), Giardiasis (007.1), 
Cryptosporidosis (007.4), Campylobacter (008.43), Norovirus 
(008.63), Rotavirus (008.61)
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DISEASE OUTCOMES IN THIS STUDY THAT ARE 
ASSOCIATED WITH CONTAMINATED WATER

ICD-9 Codes utilized:
Å001-009 (intestinal infectious diseases)

ÅExamples: Cholera (001), Salmonella (003), Giardiasis (007.1), 
Cryptosporidosis (007.4), Campylobacter (008.43), Norovirus 
(008.63), Rotavirus (008.61)

Å558.9 (Gastroenteritis, noninfectious, specified)
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DISEASE OUTCOMES IN THIS STUDY THAT ARE 
ASSOCIATED WITH CONTAMINATED WATER

ICD-9 Codes utilized:
Å001-009 (intestinal infectious diseases)

ÅExamples: Cholera (001), Salmonella (003), Giardiasis (007.1), 
Cryptosporidosis (007.4), Campylobacter (008.43), Norovirus 
(008.63), Rotavirus (008.61)

Å558.9 (Gastroenteritis, noninfectious, specified)

Å787.91 (Diarrhea, Not otherwise Specified) 17
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òGASTROINTESTINAL 
ILLNESSó

ICD-9 CODE DISEASE
001-009 intestinal infectious diseases

558.9 Gastroenteritis, noninfectious, 

specified

787.91 Diarrhea, Not otherwise Specified



METHODS
METEOROLOGICAL DATA: NC

DETECT CLIMATE-HEALTH 
TOOLBOX
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RESULTS
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ÅTEMPORAL PATTERNS
ÅSPATIAL PATTERNS
ÅDEMOGRAPHIC PATTERNS
ÅPRECIPITATION PATTERNS



TEMPORAL PATTERNS
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TOTAL COUNTS OF AGI IN NORTH CAROLINA 
FROM 2008-2012BYHOUR OF DAY



Total counts: 660891

TOTAL COUNTS OF AGI IN NORTH CAROLINA 
FROM 2008-2012BYMONTH
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SPATIAL PATTERNS
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SPATIAL PATTERNS
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ÅCOUNTY-LEVEL
ÅZIP-CODE LEVEL
ÅNOROVIRUS
ÅòHIGH VIRALó VS. òLOW VIRALó SEASON
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INCIDENCE OF AGI IN NORTH CAROLINA FROM 
2008-2012 PER 100,000 PERSON-YEARS
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INCIDENCE OF AGI IN NORTH CAROLINA FROM 
2008-2012 PER 100,000 PERSON-YEARS
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INCIDENCE OF AGI IN NORTH CAROLINA FROM 
2008-2012 PER 100,000 PERSON-YEARS
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INCIDENCE OF NOROVIRUS ACROSS THE STATE OF 
NORTH CAROLINA FROM 2008-2012 PER 100,000 

PERSON-YEARS
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HIGH-VIRAL VS. LOW-VIRAL SEASON MAPS

High Viral Season Rates of AGI, 2008-2012 Low Viral Season Rates of AGI, 2008-2012
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ÅAGE
ÅSEX
ÅSOCIOECONOMIC STATUS
ÅPOPULATION DENSITY
ÅRURAL VS. URBAN COUNTIES
ÅDRINKING WATER SOURCE
ÅHEALTH INSURANCE STATUS

DEMOGRAPHIC PATTERNS:
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ÅAGE
ÅSEX
ÅSOCIOECONOMIC STATUS
ÅPOPULATION DENSITY
ÅRURAL VS. URBAN COUNTIES
ÅDRINKING WATER SOURCE
ÅHEALTH INSURANCE STATUS

DEMOGRAPHIC PATTERNS:
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INCIDENCE OF AGI IN NORTH CAROLINA FROM 2008-
2012 PER 100,000 PERSON-YEARS 

BYAGE GROUP



RATIO OF AGI IN NORTH CAROLINA FROM 
2008-2012BYSEX

35



INCIDENCE OF AGI IN NORTH CAROLINA FROM 2008-
2012 PER 100,000 PERSON-YEARS AS SHOWN WITH 

% OF POPULATION UNDER 18 LIVING IN POVERTY
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