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OverviewOverview

Convergence of human and animal healthConvergence of human and animal health
Why human health should care about Why human health should care about 
disease in animalsdisease in animals
Why animal health should care about Why animal health should care about 
disease in humansdisease in humans
Current human and animal surveillance for Current human and animal surveillance for 
global diseaseglobal disease
Barriers to linking animal and human dataBarriers to linking animal and human data
Avian influenza : lessons learnedAvian influenza : lessons learned



Convergence of Human and Convergence of Human and 
Animal HealthAnimal Health

Emerging diseases: SARS, West Nile, Emerging diseases: SARS, West Nile, 
Monkeypox, avian influenzaMonkeypox, avian influenza





Other Convergence of Human Other Convergence of Human 
and Animal Healthand Animal Health

Toxic exposuresToxic exposures
Live animal tradeLive animal trade
Food safetyFood safety



Need for Collaboration between Need for Collaboration between 
Human and Animal HealthHuman and Animal Health



Why Human Health Professionals 
Need to Care about Animal Disease

Zoonotic disease threat: infected animals 
could threaten humans
“Sentinel” of environmental risk
– Toxic or infectious
– Intentional or accidental Release
– Change in disease ecology



Sentinel Health Events Sentinel Health Events 

““A Sentinel Health Event (SHE) is a preventable disease, A Sentinel Health Event (SHE) is a preventable disease, 
disability, or untimely death whose occurrence serves as disability, or untimely death whose occurrence serves as 
a warning signal that the quality of preventive and/or a warning signal that the quality of preventive and/or 
therapeutic medical care may need to be improved.therapeutic medical care may need to be improved.””

–– RuttsteinRuttstein et al Am et al Am JlJl Pub Health 1983Pub Health 1983



Sentinel Human Influenza Sentinel Human Influenza 
CasesCases



Animals as Sentinels for  Animals as Sentinels for  
HumansHumans

Provide Provide ““early warningearly warning”” about disease about disease 
risks shared with humans due to some risks shared with humans due to some 
combination of:combination of:
–– Increased susceptibilityIncreased susceptibility
–– Increased  exposure Increased  exposure 
–– shorter latencyshorter latency
–– Easily  recognizable clinical signsEasily  recognizable clinical signs



Canaries and Coal MinesCanaries and Coal Mines



Sverdlovsk: Anthrax and LivestockSverdlovsk: Anthrax and Livestock



Animals as Sentinels for West Animals as Sentinels for West 
Nile VirusNile Virus

Komar N. 2001. Second National Planning Meeting for Surveillance, 
Prevention, and Control of West Nile Virus in the United States



Why Animal  Health Professionals 
Need to Care About Disease in 

Humans
Impact on trade
Occupational disease risk
Humans can be sentinels for animal 
disease risks 
– Toxic or infectious
– Intentional or accidental release
– Change in disease ecology
– Change in biosecurity in agriculture or trade



Humans as Sentinels for Humans as Sentinels for 
AnimalsAnimals

Due to better detection efforts, disease Due to better detection efforts, disease 
may first be reported in humansmay first be reported in humans
Often the case with occupational diseaseOften the case with occupational disease
Abattoir worker with brucellosisAbattoir worker with brucellosis
Veterinarians with zoonotic diseaseVeterinarians with zoonotic disease
Rift valley feverRift valley fever
Avian influenzaAvian influenza
Toxic exposuresToxic exposures



Disease Surveillance
Systematic gathering of disease data in 
humans or other animals
Should be tied to response efforts and 
concrete interventions
– Outbreak response
– Disease prevention activities/policies

Active surveillance
– Surveys in asymptomatic population, outreach 

to clinicians 
Passive surveillance
– Required reporting to authorities 



Human Disease Surveillance

Human:
– CDC, other national systems
– WHO compiles data, estimates
– DOD
– Emerging disease tracking: Promed, GIPHN 

(Global Public Health Intelligence Network)
Monitor websites, news media, clinician networks



Animal Disease Surveillance
Country level: Departments of 
agriculture:diseases reportable to agriculture, 
(US: USDA,  NAHMS)
World Organization for Animal Health (OIE): 
receives reports from countries (Agriculture 
departments) for a list of notifiable diseases
UN Food and Agriculture Organization (FAO): 
gathers data on food production, disease in food 
animals
– EMPRESi: tracks AI in animals, plans for other 

diseases





Animal Disease 
Surveillance(continued)

Wildlife: 
no mandate for international tracking

OIE: committee on wildlife
Recent initiatives: Global Avian Influenza 

Network for Surveillance(GAINS), Highly 
Pathogenic Avian Influenza Early 
Detection System (HEDDS)



Case for Linking Human and 
Animal Disease Data

Provide early warning of disease 
outbreaks, but also:
Identify ecological/environmental “drivers” 
of disease emergence
– Land use change
– Agricultural systems
– Problems with biosecurity



Challenges to LinkageChallenges to Linkage

Agriculture and public health with different Agriculture and public health with different 
mandatesmandates
No agency with clear mandate to compare No agency with clear mandate to compare 
disease trends in humans and animals in a disease trends in humans and animals in a 
““One HealthOne Health”” mannermanner



Ramification of Animal Disease 
Reporting

Countries may ban imports or exports 
based on animal disease status in a 
country, affected by OIE reports
Huge economic consequences and effect 
on global movement of animals and 
animal products
Local measures of control, culling, 
vaccination



Case Example:  Avian influenza Case Example:  Avian influenza 
H5N1H5N1

Global epizootic: hundreds of millions of Global epizootic: hundreds of millions of 
birds diseased or culledbirds diseased or culled-- continuing continuing 
outbreaksoutbreaks
Zoonotic transmissionZoonotic transmission
387 WHO confirmed human cases, 245 387 WHO confirmed human cases, 245 
deathsdeaths
Pandemic potentialPandemic potential



Intensification of Poultry Intensification of Poultry 
ProductionProduction



Contact between Wild and Contact between Wild and 
Domestic BirdsDomestic Birds



Increased Production of PoultryIncreased Production of Poultry
Production Quanity of Meat Types  in Egypt
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Highly Pathogenic Avian Highly Pathogenic Avian 
Influenza Surveillance in Influenza Surveillance in 

HumansHumans

Detect human casesDetect human cases
Detect person to person transmissionDetect person to person transmission
Help identify risk factorsHelp identify risk factors



Human AI Surveillance Human AI Surveillance 

Human cases diagnosed clinically, Human cases diagnosed clinically, 
confirmed by lab testingconfirmed by lab testing
Country reports cases to regional disease Country reports cases to regional disease 
control authorities as well as WHO which control authorities as well as WHO which 
determines if lab diagnosis meets WHO determines if lab diagnosis meets WHO 
standards for confirmationstandards for confirmation
Viral isolate if availableViral isolate if available
Limited information regarding risk factorsLimited information regarding risk factors



Active Surveillance for AIActive Surveillance for AI

SerosurveysSerosurveys in outbreak or endemic areasin outbreak or endemic areas
Surveillance of high risk workers and other Surveillance of high risk workers and other 
groupsgroups



Other Types of AI trackingOther Types of AI tracking

GPHIN, GPHIN, PromedPromed monitor news reports, monitor news reports, 
networks of clinicians and public health networks of clinicians and public health 
professionalsprofessionals
““Rumor TrackingRumor Tracking””



Challenges of Avian influenzaChallenges of Avian influenza

Can you define modifiable risk factors for Can you define modifiable risk factors for 
human infection?human infection?
Can you identify Can you identify ““high risk groupshigh risk groups””??
Can you predict Can you predict ““high risk areashigh risk areas”” for for 
human cases? human cases? 



Animal AI SurveillanceAnimal AI Surveillance

Disease suspected in poultry or other Disease suspected in poultry or other 
animal populationanimal population
Confirmatory testingConfirmatory testing
Reported to national agricultural Reported to national agricultural 
authoritiesauthorities
Country reports to OIE on periodic basisCountry reports to OIE on periodic basis



Other Animal Surveillance for HPAIOther Animal Surveillance for HPAI

FAO/FAO/EmpresEmpres monitors monitors PromedPromed, GPHIN, , GPHIN, 
receives reports from country offices, receives reports from country offices, 
depts. of agriculturedepts. of agriculture
GAINS, HEDDS, etc. track virus in wild GAINS, HEDDS, etc. track virus in wild 
birdsbirds



Response to Animal CasesResponse to Animal Cases

Search for more animal and human casesSearch for more animal and human cases
Outbreak response: local, regional, Outbreak response: local, regional, 
national and international levelnational and international level
Vaccination , Vaccination , culling,restrictionsculling,restrictions on on 
movement of animalsmovement of animals



GLEWS

“Global Early Warning System for Major 
Animal Disease”
Cooperation between WHO, OIE, and 
FAO



Sharing of Avian Influenza Sharing of Avian Influenza 
Disease Information between Disease Information between 

Animal and Human HealthAnimal and Human Health
GLEWS model: HPAI information sharing GLEWS model: HPAI information sharing 
between WHO, OIE, and FAO: between WHO, OIE, and FAO: realtimerealtime
Sharing of viral sequence data on both Sharing of viral sequence data on both 
animals and human viral isolatesanimals and human viral isolates
Some coordination of outbreak response Some coordination of outbreak response 
between WHO and FAObetween WHO and FAO



Ongoing AI Risk AssessmentOngoing AI Risk Assessment

Where are high risk areas for human Where are high risk areas for human 
cases?cases?
What are high risk groups for human What are high risk groups for human 
cases?cases?
What are the factors driving animal What are the factors driving animal 
outbreaks?outbreaks?



Implications of Risk AssessmentImplications of Risk Assessment

Targeting of public health measures to Targeting of public health measures to 
reduce human risk (including possibility of reduce human risk (including possibility of 
vaccine)vaccine)
Targeting of agricultural methods to Targeting of agricultural methods to 
control and prevent animal diseasecontrol and prevent animal disease



Biosecurity is Key to Link Biosecurity is Key to Link 
Between Human and Animal Between Human and Animal 

CasesCases

Human disease risk is related to the degree of Human disease risk is related to the degree of 
virus circulation (manifest as cases in virus circulation (manifest as cases in 
animals) and:animals) and:

Degree of animalDegree of animal--human contacthuman contact
Degree of domestic animalDegree of domestic animal--wildlife contact also wildlife contact also 

importantimportant



FAO Production Sector Concept



Relationship of Production Relationship of Production 
Sector to Disease RiskSector to Disease Risk

Bird cases identified in all sectorsBird cases identified in all sectors
Global growth in sectors 1 and 2Global growth in sectors 1 and 2
Human cases more in sector 4Human cases more in sector 4



Not Well Known, not Easily Not Well Known, not Easily 
TrackedTracked

Distribution of production sectors within Distribution of production sectors within 
countriescountries
Maps of production sectors, includingMaps of production sectors, including
–– Location of intensive production facilitiesLocation of intensive production facilities
–– Location of (many) live animal marketsLocation of (many) live animal markets
–– Interaction with wildlifeInteraction with wildlife



Mapping Biosecurity

No agreed upon method: 
Large farms
Small farms
Movement of animals



Data Sources on BiosecurityData Sources on Biosecurity

FAO global livestock production atlas FAO global livestock production atlas 
(GLIPHA)(GLIPHA)
UN Demographic databasesUN Demographic databases
OIE WAHID data on animal healthOIE WAHID data on animal health-- 
veterinary servicesveterinary services
InIn--country agricultural censuses and country agricultural censuses and 
surveyssurveys



FAO Global Livestock Atlas of FAO Global Livestock Atlas of 
the World (GLIPHA)the World (GLIPHA)

Maps of livestock densityMaps of livestock density
Data on animal census and exports, by Data on animal census and exports, by 
countrycountry



Can Linking Human and Animal Can Linking Human and Animal 
Surveillance Data Shed Light on Surveillance Data Shed Light on 

Human and Animal Risk?Human and Animal Risk?

““One HealthOne Health”” concept in actionconcept in action
View both human and animal View both human and animal 
cases as indicators of cases as indicators of 
biosecuritybiosecurity and other and other 
environmental risksenvironmental risks



Traditional Dot Map to Compare Traditional Dot Map to Compare 
Bird and Human AI CasesBird and Human AI Cases

source: source: www.PandemicFlu.govwww.PandemicFlu.gov



Other Approaches to Data Other Approaches to Data 
LinkageLinkage

Compare temporal and spatial patterns of Compare temporal and spatial patterns of 
disease using quantitative methodsdisease using quantitative methods
Use animal data in a predictive model for Use animal data in a predictive model for 
human caseshuman cases
Can other risk variables help explain the Can other risk variables help explain the 
relationships?relationships?



Previous Analysis of Temporal Previous Analysis of Temporal 
RelationshipsRelationships





No Previous Use of Bird Data to No Previous Use of Bird Data to 
Predict Human Cases in Predict Human Cases in 

Quantitative ModelQuantitative Model



Development of Objective Data Development of Objective Data 
Model for Human Risk Model for Human Risk 

AssessmentAssessment
Merge animal and human data (Merge animal and human data (EMPRESiEMPRESi 
animal cases and WHO human cases animal cases and WHO human cases 
(from website)(from website)
Identify variables mediating association Identify variables mediating association 
between animal and human casesbetween animal and human cases
Create risk map based on modelCreate risk map based on model
Can it add value ?Can it add value ?



Country Level Variables
Human population
GDP (UN)
Prevalence of hunger (FAO)
Number of veterinarians (WAHID)
Poultry density (GLIPHA)
Duck census (GLIPHA)
Poultry exports (GLIPHA)
% human population engaged in agriculture 
(GLIPHA)



Data Analysis Model

Created, in SAS 9.01, a longitudinal data 
analysis model that looks at sequential 
time windows for a particular country and 
determines
– Number of animal cases in past 30 days 

(including species of animal case)
– Occurrence of human case in current month
– Other time dependent information (season, 

temperature, holiday)
– Adjusts for other risk variables



Application of Risk Model

Performed bivariate and multivariate 
analyses of variables to determine which 
were independent predictors of human risk
Analyzed collinearity between variables



Additional Comparison of Human 
and Animal Data Streams

Epidemiological curves for birds and 
animals
Time lags between first reported bird case 
and first reported human case in a country 



Results of Preliminary AnalysesResults of Preliminary Analyses



H5N1 Outbreaks in Birds 2003H5N1 Outbreaks in Birds 2003--77
Avian Influenza

Countries with >=10 outbreaks
(N=59 Countries)
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H5N1 Human Cases 2003H5N1 Human Cases 2003--77

Human Cases of Avian Influenza
(N=77 Countries)

0 1 1 2 3
7 8

12

25 25

38

100
105

0

20

40

60

80

100

120

OTHER 65

DJIB
OUTI

NIG
ERIA

LA
O

IR
AQ

CAMBODIA
AZERBAIJA

N

TURKEY

CHIN
A

THAILA
ND

EGYPT

VIE
TNAM

IN
DONESIA

Country

# 
of

 H
um

an
 C

as
es



Epidemiological Curves for Bird (Epidemiological Curves for Bird (EMPRESiEMPRESi) ) 
and Human (WHO Confirmed) HPAI Casesand Human (WHO Confirmed) HPAI Cases
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Time Lags Between First Bird Time Lags Between First Bird 
and Human Cases: by Countryand Human Cases: by Country
Range between Range between --56 days (humans 56 days (humans 
sentinels for animal risk) to 1122 days sentinels for animal risk) to 1122 days 
(animals sentinels for humans)(animals sentinels for humans)
Indicates variability in quality and Indicates variability in quality and 
consistency of surveillance and reporting consistency of surveillance and reporting 



Use of Animal Cases in A Use of Animal Cases in A 
Predictive Model of Human RiskPredictive Model of Human Risk

In initial multivariate analyses, predictive In initial multivariate analyses, predictive 
factors include:factors include:
–– Poultry densityPoultry density
–– Recent bird casesRecent bird cases
–– Cases involving ducksCases involving ducks
–– SeasonSeason



Accuracy of ModelAccuracy of Model

CountryCountry--level model appeared to have an level model appeared to have an 
accuracy of approximately 90% when accuracy of approximately 90% when 
tested in a logistic regression fashion. tested in a logistic regression fashion. 



Risk MapsRisk Maps

Can be generated from modelCan be generated from model
Will change continuously based on new Will change continuously based on new 
temporal information (temporal information (EMPRESiEMPRESi cases, cases, 
etc.)etc.)
Example: AI risk in EgyptExample: AI risk in Egypt-- MapMap





Conclusions

Bird cases in EMPRESi provide predictive 
information for human risk
Outbreaks involving ducks appear to be 
associated with increased human risk 
Seasonality and temperature important for 
human animal transmission risk
Independent geographic variables 
(FAOSTAT and other sources) can help 
explain human animal risk linkages



Additional findingsAdditional findings

Often (but not always) the reported bird Often (but not always) the reported bird 
cases are providing early warning of cases are providing early warning of 
human risk for HPAI. human risk for HPAI. 
When human cases precede bird casesWhen human cases precede bird cases-- 
suggests problems with animal suggests problems with animal 
surveillance systemssurveillance systems



Ways to Improve Linkage of Ways to Improve Linkage of 
Human and Animal Data  Human and Animal Data  

virus characteristicsvirus characteristics
–– ((cladeclade /molecular markers?)/molecular markers?)
–– some more infectious to humans than others?some more infectious to humans than others?

biosecuritybiosecurity
–– Better information on production sectorsBetter information on production sectors

WildlfeWildlfe surveillance datasurveillance data



Beyond AI: Other Disease Risks Beyond AI: Other Disease Risks 
Related to HumanRelated to Human--Animal Animal 

Contact: Contact: 
Specific diseasesSpecific diseases
–– Rift Valley Fever, Brucellosis, etc. Rift Valley Fever, Brucellosis, etc. 
High Risk settingsHigh Risk settings
–– BushmeatBushmeat industryindustry
–– Live animal marketsLive animal markets
–– Agricultural practicesAgricultural practices
How many exposed and with what degree How many exposed and with what degree 
of exposure and of exposure and biosafetybiosafety? ? 



Other benefits of Avian 
influenza Cooperation

On local levels, unprecedented contact 
and cooperation between 
agriculture/animal health and human 
health- alliances formed
Involvement of wildlife health, 
unprecedented wildlife surveillance
Attempts for international tracking
Realization that animal and human 
outbreaks are connected



If Linking Animal and Human If Linking Animal and Human 
Disease Data Has Value, Who Disease Data Has Value, Who 

Should Do it?Should Do it?
Public Health?Public Health?
Agriculture/Animal Health?Agriculture/Animal Health?
GLEWS?GLEWS?
Need for joint effort in Need for joint effort in ““One HealthOne Health”” ModelModel
Global mapping of Global mapping of biosecuritybiosecurity risks:risks:
–– Disease reservoirs: wild and domesticDisease reservoirs: wild and domestic
–– Cases in animals and humansCases in animals and humans
–– Types of humanTypes of human--animal contactanimal contact
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