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Abstract

The One Health concept provides a framework to examine the linkages between human, animal, plant, environmental, and

ecosystem health. This framework can be represented as a multi-dimensional matrix tool that can be used to examine and

address complex GeoHealth challenges. This matrix tool facilitates comprehensive, systems-based thinking and can include up

to four dimensions depending upon users’ needs. This presentation will briefly review the One Health matrix tool and apply

it, as an example, to examine the global impact of human and animal fecal wastes. Applying the tool reveals linkages between

food-borne illnesses, food insecurity, antimicrobial resistance, and climate change. Understanding these linkages is necessary

for developing effective and equitable public policies that are needed to achieve many of the United Nations’ Sustainable

Development Goals.
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Climate Change Threatens
Agriculture and Food Security

Antimicrobial Resistance Threatens
Antimicrobial Use and Food Safety

Agriculture:
Foundation of Civilization

Antimicrobials:
Foundation of Modern Medicine



Definitions

Food Security means No Hunger

Food Safety means No Foodborne Illness

AMR means bacteria resistant to antibiotics



The One Health 
concept: human, 

animal, plant, 
environmental & 
ecosystem health 

are linked.

This concept 
provides a useful 

framework for 
examining 

complex issues 
such as food 

safety & security, 
AMR, and climate 

change. 

We must examine 
the root causes of 
spillover events if 
we are to develop 
effective policies 
to address them. 

People interact 
with their 

environment 
every day by 
inhaling air, 

drinking water, 
and ingesting 

plants and 
animals (i.e. 

food).

http://www.onehealthinitiative.com

http://www.onehealthinitiative.com/


Multi-Dimensional One Health Matrix: A Cube

Humans 
& Animals

Plants

Environments
& Ecosystems

Microbial

Individual

Population

Local/Regional

National

International/Global

Political, Social, Economic Factors

Adapted by L. Kahn for policy development from Rabinowitz, et al. BMC Med Educ. 2017. 17(1): 45. https://doi.org/10.1186/s12909-017-0883-6. 

One Health Factors Complexity Factors

https://doi.org/10.1186/s12909-017-0883-6


One Health Framework in 2 Dimensions 

One Health and 
Complexity Factors

Microbial Individual Population

Humans

Animals

Plants

Environments & 
Ecosystems

Political, Social, 
Economic Factors

Local & Regional National International & Global

Adapted by L. Kahn for policy development from Rabinowitz, et al. BMC Med Educ. 2017. 17(1): 45. https://doi.org/10.1186/s12909-017-0883-6. 

Environments: abiotic (e.g. soil, water, air) aspects of defined geographic areas.
Ecosystems: biotic interactions (e.g. microbial, flora, fauna) within defined geographic areas.

https://doi.org/10.1186/s12909-017-0883-6


A One Health Analysis

Environments &
Ecosystems
(Water, Soil, Air)
(Global Resistome)

Humans
& Animals
(Domesticated,
Terrestrial Livestock) 

Plants
(Cereal Crops)

One Health 
Factors:

Complexity Factors:

Microbial & Populations
(Fecal Microbes)

Microbial & Populations
(Fecal Microbes)

Microbial & Populations
(Fecal Microbes)

Political, Social, Economic Factors: 
International/Global Food Security

Global Demand for MeatTime Factor: Years



The Satellite PerspectiveA One Health Satellite Perspective



First One Health Analysis 

Humans &
Animals
(Domesticated
Livestock)

Microbial &
Populations

International/Global



Global Human & Animal Populations
Almost 8 Billion Humans Around 30 Billion Terrestrial Food Animals



Biodiversity, land use and ecosystem 
services

Zeller U, Starik N, Gottert T. Global Ecology and Conservation 2017; 10: 114-125; Diamond (2002) Rondinini et al (2011); Smil (2011)

Humans and domesticated livestock constitute approximately 96 to 98%
of global terrestrial mammalian biomass.



Broiler chickens are a signal of a human reconfigured biosphere

Broiler chickens combined mass exceeds all other 
birds on Earth. Standing population of almost 23 billion.

Bennett CE, Thomas R, Williams M, et al. Royal Society Open Science 2018; 5: rsos.180325
https://www.wattagnet.com/Per-capita-meat-consumption-worldwide-by-type-2013-15-vs-2025

https://www.wattagnet.com/Per-capita-meat-consumption-worldwide-by-type-2013-15-vs-2025


All animals eat so…



We produce around 4 trillion kilograms of feces each year!



Total fecal matter produced by humans and livestock in 2014 would…

fill over 1.6 million Olympic-sized swimming pools, 
and by 2030, over 1.8 million Olympic-sized swimming pools

with feces. bury the entire surface areas of 
Los Angeles + NYC
in 6 feet of feces.

Los Angeles, CA

New York, NY

Or, to 
put it 

another 
way…

We produce increasing amounts each year.



Human Fecal Matter



Animal Fecal Matter (Manure)



Concentrated Animal Feeding 
Operations (CAFO)





Pathogens in Human Feces

Pathogen means microbe that causes disease.



Pathogens in Animal FecesPathogens in Animal Feces

Few studies examine pathogens
in animal feces.



In 2015, WHO released a report estimating
global burden of foodborne illnesses.

About 1 in 10 people is sickened by food
each year. Of the 600 million people who
get sick, around 420,000 die. Children under
5 years make up 40% of the cases.

Diarrheal disease agents cause 
around 550 million illnesses and 
230,000 deaths.



Second One Health Analysis 

Plants
(Cereal Crops)

Microbial &
Populations

International/Global



Source: SSWM & GENSCH (2010)Source: FAO



The Green Revolution

Dr. Norman Borlaug, plant pathologist.
Awarded 1970 Nobel Peace Prize for
averting widespread hunger.
Founder, The World Food Prize

http://www.worldfoodprize.org/en/dr_norman_e_borlaug/about_norman_borlaug/

In 1944, Borlaug worked for the Rockefeller Foundation’s 
technical assistance program in Mexico.

Production problems limited wheat harvests.

New wheat varieties with disease resistance,
adapted to different growing conditions with
high yields. 

New wheat varieties and crop management
practices spread from Mexico to Asia and South
America becoming known as “The Green Revolution.”

http://www.worldfoodprize.org/en/dr_norman_e_borlaug/about_norman_borlaug/


The Green Revolution





Problems 
with Green 
Revolution

• Intensive farming practices
• Soil erosion
• Water shortages
• Micronutrient deficiencies
• Dependency on chemicals
• Vulnerability to pests
• Loss of control over seeds

• Genetically engineered crops 
(Genetically Modified Organisms—GMO’s) 
led to political opposition.



Source: FAOSTAT

Manure Vs Synthetic Fertilizer Use in Agriculture

Manure (Nitrogen) Synthetic Fertilizer (Nitrogen)

1961: 18.4 B kilograms
2019: 27.1 B kilograms

1961: 11.4 B kilograms
2019: 108.8 B kilograms

1961: 1.5 times more manure used than fertilizer
2019: 4 times more fertilizer used than manure 



https://www.thepigsite.com/news/2015/11/the-scoop-on-poop-why-is-manure-important-1https://www.artsway-ag.com/2020/06/09/manure-vs-fertilizer/

If manure is not being used as fertilizer, what’s being done with it?

https://www.thepigsite.com/news/2015/11/the-scoop-on-poop-why-is-manure-important-1
https://www.artsway-ag.com/2020/06/09/manure-vs-fertilizer/


Third One Health Analysis 

Environments
& Ecosystems

Microbial &
Populations

International/Global



Environments:
Climate Change Threatens Agriculture
Agriculture Worsens Climate Change

https://climate.nasa.gov/effects/

https://climate.nasa.gov/effects/


https://commons.wikimedia.org/wiki/File:All_palaeotemps.png
http://gergs.net/2015/06/updating-the-geological-temperature-plot/all_palaeotemps/

Time of Complex Life on Earth

Cambrian Explosion: Thriving life in seas but barren land

Earth is 4.5 Billion Years Old

Early hominids

Paleozoic Era

Permian-Triassic Extinction

https://commons.wikimedia.org/wiki/File:All_palaeotemps.png
http://gergs.net/2015/06/updating-the-geological-temperature-plot/all_palaeotemps/


Little Ice Age from 1300 to 1850 

The Frozen Thames, Britain, 1677
Frost fairs lasted from 1607 to 1814

Ice skating on main canal of Pompenburg,
Rotterdam, 1825. 

The hunters in the snow, Pieter Brueghel the Elder, 1565 

Little Ice Age noted for crop
failures, bread riots, famine, wars.



Estimated agricultural yields in 2050 due to climate change effects,
assuming current agricultural practices and crop varieties. 

https://siteresources.worldbank.org/INTWDR2010/Resources/5287678-1255547194560/WDR2010_BG_Note_Mueller.pdf
http://www.wri.org/sites/default/files/wri13_report_4c_wrr_online.pdf
https://openknowledge.worldbank.org/handle/10986/4387

https://siteresources.worldbank.org/INTWDR2010/Resources/5287678-1255547194560/WDR2010_BG_Note_Mueller.pdf
http://www.wri.org/sites/default/files/wri13_report_4c_wrr_online.pdf
https://openknowledge.worldbank.org/handle/10986/4387


https://www.wfp.org/publications/hunger-map-2020

2020 World Hunger Map

https://www.wfp.org/publications/hunger-map-2020


Manure (And Synthetic Fertilizers) Emit 
Greenhouse Gases

They are Major Sources of Methane and Nitrous Oxide



https://www.epa.gov/ghgemissions/overview-greenhouse-gases#methane
https://www.epa.gov/ghgemissions/overview-greenhouse-gases#nitrous-oxide
http://www.agr.gc.ca/eng/science-and-innovation/agricultural-practices/climate-change-and-agriculture/greenhouse-gases/?id=1329321969842

Enteric Fermentation + Manure Management
Contribute Approx. 36% of U.S. Methane Emissions

Agricultural Soil Management + Manure Management
Contribute Approx. 79% of U.S. Nitrous Oxide Emissions

https://www.epa.gov/ghgemissions/overview-greenhouse-gases
https://www.epa.gov/ghgemissions/overview-greenhouse-gases
http://www.agr.gc.ca/eng/science-and-innovation/agricultural-practices/climate-change-and-agriculture/greenhouse-gases/?id=1329321969842


Current Trajectory 
Leads to Greater 
Than 30C Warming 
in This Century



Ecosystems: The Global Resistome

AMR is 
ancient &

everywhere!



How are humans adversely impacting 
the Global Resistome?

• Poor sanitation
• Indiscriminate antibiotic use
• Untreated human and animal waste
• Land and water contamination
• Spread of resistant microbes and 

resistant genes by wildlife



Environmental fecal waste and antibiotic use:

Is there a relationship?





Fourth One Health Analysis

Humans

Populations

Political, Social, Economic Factors:
International/Global Food Security



Food Security: 
The Foundation 
of Civilization

• Food Security means no hungry 
people.

• Food Security is built on 3 pillars:
• Food availability
• Food access (affordability)
• Food use



Food Security 
(Zero Hunger)  

United 
Nation’s #2 

SDG



Political Implications of Food Insecurity

https://www.technologyreview.com/2011/08/15/192366/the-cause-of-riots-and-the-price-of-food/

High food prices lead to civil unrest.
People riot when food becomes unavailable.

Civilization breaks down.

https://www.technologyreview.com/2011/08/15/192366/the-cause-of-riots-and-the-price-of-food/




Pros and Cons of Eating Meat

Pros

• Meat provides important 
micronutrients such as Vitamin 
B12 and iron.
• Evidence we evolved into 

modern humans because we 
hunted, cooked, and ate meat.
• Eating meat is an integral part 

of many religions and cultures.

Cons

• Meat is not essential if 
supplement diet with Vitamin 
B12 and other vitamins and 
minerals.
• Increases zoonotic spillover 

risks. 
• Raising domesticated animals 

and/or hunting wild animals 
contaminates environments, 
ecosystems, and reduces 
biodiversity.







Changing National Dietary Preferences is Possible

But Requires Cultural and Societal Change



Our One Health Analysis Findings

Environments &
Ecosystems
(Water, Soil, Air)
(Global Resistome)

Humans
& Animals
(Fecal Wastes)

Plants
(Fertilizers)

One Health 
Factors:

Complexity Factors:

Microbial & Populations

Microbial & Populations

Microbial & Populations

Political, Social, Economic Factors: 
International/Global Food Security
Global Demand for Meat

Time Factor: Years



One Health Analysis Findings

• Human and domesticated animal populations are growing and producing 
increasing amounts of fecal matter each year.
• Animals produce 80 percent of global fecal matter, but it’s generally ignored.
• Human and animal fecal matter contain many pathogens, but sanitation 

systems are designed to process human waste.
• Little oversight of manure management in many middle- and low- income 

countries. Little oversight of CAFO manure management in the U.S.
• Plants need nitrogen, phosphorus, and potassium—which are contained in 

manure, but synthetic fertilizer use predominates.
• Manure management and agricultural soil management emit methane and 

nitrous oxide, potent greenhouse gases into the atmosphere worsening 
climate change.
• Manure risks contaminating the ’Global Resistome’ which worsens AMR.
• These findings impact food safety and the practice of medicine as well as 

food security and the continuation of agriculture.



What Can Be Done To Reduce Agriculture’s 
Greenhouse Gas Contributions?

What can be done?



 
 

 

 

 

Antimicrobial Resistance 

 
A MANUAL FOR DEVELOPING  

NATIONAL ACTION PLANS 

 

Version 1 

February 2016 

  

UN General Assembly

No Mention of Manure
Management and 
Ecosystem Impact. 



No mention of curtailing agriculture’s greenhouse gas emissions



Strategies to Reduce 
CH4 & N2O Emissions

https://www.edf.org/media/report-changing-manure-management-would-significantly-reduce-dairy-methane-emissions

https://ucanr.edu/sites/Nutrient_Management_Solutions/stateofscience/Nitrous_Oxide__In_focus/

https://ucanr.edu/sites/Nutrient_Management_Solutions/stateofscience/Nitrous_Oxide__In_focus/#N2O%20management%20practices

Manure Management: Change the 
way manure is stored and 
handled; methane digesters 
capture and convert emissions 
into renewable energy. 

Agricultural Soil Management: 
Avoid over-fertilization of soils, 
urea-based (low N) fertilizer use, 
subsurface drip irrigation, 
nitrification inhibitors, monitoring 
soil N, cover crops, no-till farming.  

https://www.edf.org/media/report-changing-manure-management-would-significantly-reduce-dairy-methane-emissions
https://ucanr.edu/sites/Nutrient_Management_Solutions/stateofscience/Nitrous_Oxide__In_focus/
https://ucanr.edu/sites/Nutrient_Management_Solutions/stateofscience/Nitrous_Oxide__In_focus/


California Senate Bill 605, Chapter 523 Short-lived Climate 
Pollutant Reduction Strategies, 2014

Senate Bill 605 (Lara, Chapter 523, Statutes of 
2014) and Senate Bill 1383 (Lara, Chapter 
295, Statutes of 2016) direct California Air 
Resources Board (CARB) to reduce dairy 
methane emissions by 40 percent by 2030.

Budget Act of 2014 allocated $12 million to 
support dairy methane reduction projects 
such as the Dairy Digester Research and 
Development Program—captures methane 
from manure to use as energy source.

https://ww3.arb.ca.gov/cc/shortlived/meetings/03142017/final_slcp_report.pdf
https://en.wikipedia.org/wiki/Ricardo_Lara

Ricardo Lara, Democrat
Calif. Senate 2012-2019

Currently, Calif. Insurance Commissioner

https://ww3.arb.ca.gov/cc/shortlived/meetings/03142017/final_slcp_report.pdf
https://en.wikipedia.org/wiki/Ricardo_Lara


We must restore our 
beautiful planet. 

One Health recognizes 
that life is interconnected.

• What can you do?
• Learn about One Health
• Spread the word
• Interdisciplinary colleagues
• Organize and be change agents





• Co-Founded in 2006; Website in 2008
• The OHI Team:

• Bruce Kaplan DVM, Dipl. AVES (Hon)
• Laura Kahn, MD, MPH, MPP, Dipl. AVES (Hon) 
• Tom Monath MD, Dipl. AVES (Hon)
• Thomas M. Yuill PhD
• Helena Chapman MD, MPH, PhD
• Craig Carter DVM, PhD, Dipl. ACVPM
• Becky Barrentine, MBA

Bruce Kaplan Tom Monath Tom Yuill

Helena Chapman Craig Carter Becky Barrentine

Laura Kahn

http://www.onehealthinitiative.com

http://www.onehealthinitiative.com/


Thank you! Questions?

Follow on Twitter: @LauraKahn1


