Public Health Mlcroblology Laboratory

Cllmate Change and Publlc Health
Part 2: Understanding, Mitigation, and
Adaption

AGSC 5540: Food Policies and Regulations

11-18-2021

Tennessee State University, Nashville, TN
A. Fouladkhah: Director, Public Health Microbiology Laboratory



Weather and Climate: Variability and Change

o Weather is the temperature, humidity, precipitation, cloudiness and
wind that we experience in the atmosphere at a given time in a specific
location.

o Climate 1s the average weather over a long time period (30 — 50 years)
in a region.

o Climate variability refers to natural variation in climate that occurs |
over months decades. El Nifio, which changes temperature, rain and wind
patterns in many regions over about 2 — 7 years, is a good example of
natural climate variability, also called natural variability.

o Climate change is “a systematic change in the long-term state of the
atmosphere over multiple decades or longer.”

o Based on statistical modeling: There is <1% chance that current
warming of atmosphere since 1950 could be result of climate
variability.

Source: 2016 Public Health Institute/Center for Climate Change and Health



o Climate change: caused by change in the earth’s energy
balance

o Energy balance: How much of the energy from sun that
enters the earth is released back to space.

o Since industrial revolution from 1760s: [ATMOSPHER : oo
o Human activity: Elevated greenhouse gasses (GHG) in atmosphere l “i‘ ,
o GHG trap suns energy rather than reflecting back to space =
o High concentration of GHG: Too much heat is trapped
o Leads to: The earth temperature rising outside the range of natural
variability

o There are many GHG, with different half-life
o GHG are also called Climate Active Pollutants

o Because: Most have negative health effects for human and
animals




Greenhouse Gases

o Carbon Dioxide (CO2):
o Responsible for greatest amount of warming to date i i i ii i

H0 €0, CH, NO 0,

o Accounts for 82% of human-caused GHG emission in the U.S.

o Most CO2 emission:
o Incomplete combustion of coal, oil and gas

o These used for electricity production, transportation, and industrial processes (80% of
CO2 release in atmosphere)

o Other important GHGs:
o Methane

o Nitrous oxide
o Fluorinated gases

o Pure carbon from fuel combustion

Source: 2016 Public Health Institute/Center for Climate Change and Health



Greenhouse Gases

o Global Warming Potential (GWP): A measurement of ability to trap heat

o The GWP for CO2 i1s set at “1” e.o. other GHG are compared to CO2
% of US Lifetime in

Emission Atmosphere

Carbon Dioxide 82% Electricity production; c. 50-200 years 1
(CO2) transportation; industrial
processes
Methane (CH4) 10% Livestock; food decomposition; 12 years 25
extraction of natural gas
Nitrous Oxide 5% Vehicles; industrial processes 115 years 298
(N20)
Pure Carbon >1% Diesel engines; wildfire; c. Days to weeks 3,200

household cook stoves
(developing countries)

Fluorinated gasses >5% No natural sources: Synthetic Some 1 year 7,000-
(PFC, HFC, NF3, pollutants in coolants, some >5,000 22,800
SF6) pesticides, solvents, fire years

exti ng u is h e rs Source: 2016 Public Health Institute/Center for Climate Change and Health



Greenhouse Gases

o Short-Lived Climate Pollutants (SLCP):
o Have short lifetime but high Global Warming Potential

o Includes: Methane, Pure carbon, and some fluorinated gases.
o Their global warming impact will be occur sooner
o CO2 has low GWP, 1t impact will be felt later

o Ultimately, we would need:

o Transition to carbon-free transportation and energy system

o Because: CO?2 is the greatest threat to climate health

o Reducing Short-Lived Climate pollutants may “buy time” while making
the transition

Source: 2016 Public Health Institute/Center for Climate Change and Health



Readucing Short-Lived Climate pollutants

o Reducing Short-Lived Climate Pollutants (SLCP) significantly by 2030:
o Reduce global level of sea level rise by 20% before 2050.

o Cut global warming in half by 2050

o Prevents 2.4 million premature death globally each year

o Improves health for disadvantage communities.

o Health Benefits of reducing SLCP (Climate Change Mitigation Co-Benefit):
o Reducing air pollution related hospitalization

o Promotion of reduced meat consumption

o Stricter emission standard specially for diesel vehicles

o Cleaner household cook stoves in developing countries

Source: 2016 Public Health Institute/Center for Climate Change and Healtl



o Overall effects of climate change:

o Greater variability, with “wetter wets”, “drier dries” and “hotter hots”

o More frequent and severe extreme heat events

o More severe droughts

o Intense precipitation, such as severe rains, winter storms and hurricanes

o Higher average temperatures and longer frost-free seasons (entomology
concern)

o Longer wildfire seasons and worse wildfires

o Loss of snowpack and earlier spring runoff

o Recurrent coastal flooding with high tides and storm surges

Source: 2016 Public Health Institute/Center for Climate Change and Health



What can we do about Climate Change

o Climate Solutions:
o (1) Mitigation
o (2) Adaption

o (3) Resilience

o Mitigation: “measures to reduce the amount and speed of future climate change by
reducing emissions of heat-trapping gases or removing carbon dioxide from the
atmosphere.”

o Adaptation: “adjustments in natural or human systems.”

o Resilience: “capability to anticipate, prepare for, respond to, and recover from
significant threats with minimum damage to social well-being, the economy, and the
environment.”




Climate Change Mitigation

o Purpose of Climate Change Mitigation:

o Prevent reaching or surpassing “tipping points”

e.g. Collapse of the West Antarctic Ice Sheets: could lead to very rapid sea level rise

——

e.g. Melting of permafrost: large release of methane gas
o Catastrophic climate changes: surpass our ability to adapt

e.g. Parts of Southwest Asia may have recently passed body’s survival threshold for
heat

IPCC Report (International Governmental Panel on Climate Change)

Source: https://www.nrdc.org/stories/permafrost-everything-

o Currently global temperature 1°C higher than pre-industrial level. vou need-know

o Business as usual: Earth temperature rises > 4°C by end of century

o Paris agreement in 2015 (200 countries) : keep temperature rise below 1.5°C
compared to preindustrial level (some climate scientists: not enough)


https://www.nrdc.org/stories/permafrost-everything-you-need-know

Climate Change Mitigation

o Climate Change Mitigation Strategies:

o Use of clean and renewable energy for electricity production
o Walking, biking, using low-carbon (or zero-carbon) vehicles
o Reducing meat consumption

o Less flying

o Changing agricultural practices (lab-grown meat?, insects?)
o Limiting deforestation

o Planting trees




Climate Change Adaptation

o Purpose of Climate Adaption:

o Reduce harmful impact of climate change

o Allow communities to thrive in the face of climate change

o Mitigation strategies:

o Cool roofs and air conditioning: adapt to heat waves
o Seawalls and restoration of wetlands: adapt to sea level rise

o Emergency preparedness planning: extreme weathers and
vector-borne diseases




Exercise 1

* What is Weather, Climate, Climate Variability, and Climate Change? Based on statistical models, what is the chance that
current global warming since 1950 is due to climate variability?

* What are the main greenhouse gases?

* What is Global Warming Potential (GWP)? What is the GWP, current US emission, and lifetime of Carbon Dioxide, Methane,
Nitrous Oxide, Fluorinated gases, and pure carbon?

* What are Short-Lived Climate Pollutants (SLCP) and why are they important?

* What are Climate Change Co-Benefits of reducing Short-Lived Climate Pollutants?

* What is the purpose of Climate Change Mitigation and what are some practices examples?
* Whatis IPCC?

* According to IPCC what is the current temperature increase compared to pre-industrial level? What would be temperature
increase under “business as usual” scenario? What is the goal of Paris agreement for control of temperature in the current
century?

* What is the purpose of Climate Change Adaption and what are some practical examples?



Climate Change and Health and Food Safety

o Three Effects of Climate Change on Health and Food
Safety

o Climate change (direct effects): Changes in survival
and transmission patterns of bacteria, viral, and parasitic
agents.

o Climate-dependent (indirect effects): Temperature and
moisture affects fungal growth and formation of
mycotoxins.

o Extreme weather events and natural disasters:
Climate change increases frequency and severity extreme
weather events.




Climate Change: Bacteria, Viruses, ana

Parasitic Protozoa

o Bacteria, Viruses, and Parasitic Protozoa

o Collectively estimated to cause 2 billion illness globally
o Causing 31 million (DALY) Disability-Adjusted Life Year

0 29% of these disease are estimated to be foodborne.

o Temperature and humidity could greatly affect the growth of organisms:
o Salmonella as an example: 50,000 global death 1n 2010.

o 1°C increase (above 5°C) in weekly temperature lead to 5 to 10% increases
in cases (WHO, 2018)

o Vibrio Cholerae: currently 760,000 global illness/24,000 death per year.



Vibrio spp.

Currently 760,000 global illness/24,000 death per year.

Causing about 80,000 illness and 100 death annually in the United States.
Infection symptoms vary depending on strain, ranging from diarrhea to high fever
Vibrio is a halophilic bacterium and is a major concern in aquaculture industry
Primary sources: Salt water environments and seafood

Requires salt to reproduce (halophile)

Growth parameters Minimum Optimum Maximum
Temperature 41°F (5°C) 99°F (37°C) 114°F (45.3°C)
pH 4.8 7.8-8.6 11

ay 0.94 0.98 0.996 (10% NacCl)
Other Non-sporeformer, requires salt

Atmosphere Facultative - grows with or without oxygen

Sources: Seafood Hazards Guide 2011, ICMSF 1995 and Bad Bug Book 2" edition



Vibrio cholerae proliferation in sea water:
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Vibrio cholerae proliferation in sea water:

Escobar LE et al. Acta Tropica 2015,149:202-11



Climate Change:

o Mycotoxins: (Aflatoxin, fusarium, patulin etc.) s 4l
o Compounds produced by variety of fungi S A &

B aflatoxins

o At very high concentrations acute health problem and death

o Long-term exposure: various forms of cancer

o Estimated 25% of world’s yearly crop contaminated with mycotoxins
o Occur more frequently in hot and humid regions

o Human exposure:

o Dietary exposure: direct (contaminated crop) or indirect (animal derived
food consumed contaminated feed)

o Change in climate could increase moisture in some areas 12-14% (FAO,
2016)




Climate Change: Mycotoxin and Phycotoxins

o Mycotoxins:

o At 2°C increase, aflatoxin growth will become an emerging concern in North
America and Europe.

o Similar trends could lead to Fusarium production in Maize products

o Elevated climate: increases in algal bloom, algae produce toxins=
phycotoxins

o Phycotoxins: a concern in water-filtering organisms such as mussels and
clams

o Another exp. of phycotoxins: Ciguatoxins from algae: Ciguatera fish
poisoning
o Ciguatera fish poisoning:

o Most common seafood poisoning
o Has been increasing in last two decades



clouds

A harmful algal bloom in 2015 closed
fisheries from Mexico to Alaska due =
to high levels of neurotoxins.

3 W ) Mexico

August 2019
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This is an algae bloom of enormous size, if you think about it, this is near the Bering Strait in Alaska all the way down to Baja California in Mexico. Look at that. And they have very high levels of neurotoxins. 

DESCRIPTION: Map illustrating a North American algal bloom stretching from Mexico to Alaska in August 2015

ADDITIONAL TALKING POINTS: Oceans are absorbing most of the extra heat energy trapped by increased greenhouse gases.[1*]
From 1971–2010, the world’s oceans absorbed more than 90 percent of the extra accumulated heat energy from higher greenhouse gas levels.[1*]
This extra energy is warming the oceans, especially in the water closest to the surface.[1*]
Scientists project that the oceans will continue to warm this century, with the strongest surface warming forecasted in tropical regions and in the subtropical zone in the Northern Hemisphere.[1*]

Climate change is disrupting how oceans regulate global temperatures.
Oceans circulate heat around the world through massive currents that help regulate global climate and weather.[2*]
Warmer, less dense water can slow down ocean heat circulation. So can changes in salinity, when land-based freshwater ice melts and runs off into the ocean, diluting salt concentrations.[2*] 
According to the Intergovernmental Panel on Climate Change, it is very likely (90–100 percent confidence) that one of the largest currents – the Atlantic Meridional Overturning Circulation – could weaken 11– 34 percent, depending on future emissions levels this century.[1*] 
This slowdown could mean cooling across the entire Northern Hemisphere while parts of the Southern Hemisphere become hotter.[2*]
While cooler temperatures might sound good in the face of global warming, it could mean massive sea-level rise in eastern North America and shifting rainfall patterns that could dry up Europe’s rivers.[2*] 

Warming oceans are devastating the world’s precious coral reefs.
Coral reefs are some of the most biodiverse habitats on the planet, home to nearly one-quarter of all ocean species, yet occur in less than 1 percent of the world’s oceans.[3*]
Prolonged high water temperatures (among other factors) can cause coral polyps to expel the symbiotic algae that help them produce food.[3*]
The result is coral bleaching, which puts the health of the whole reef system at risk.[3*] 
The world’s largest reef, the Great Barrier Reef off the Australian coast, frequently suffers from catastrophic bleaching events in response to regular heat stress.[4*]
During the nine-month marine heatwave of 2016, an estimated 30 percent of the Great Barrier Reef’s corals died.[4*] 

Rising CO2 concentrations in the atmosphere are making our oceans more acidic – with wide-ranging and potentially catastrophic consequences.
Since 1750, the global ocean has absorbed about 28 percent of the CO2 from burning fossil fuels.[5*]
The ocean absorbs this carbon largely through a chemical reaction at the surface: CO2 combines with sea water to form carbonic acid, which leads to more acidic oceans.[5*] 
The more carbon the oceans absorb, the more acidic the water becomes.[5*]
More acidic oceans makes it more difficult for creatures – like plankton, corals, and shellfish – to produce healthy hard skeletons or shells.[5*] 
This can lead to broader changes in the overall structure of ocean and coastal ecosystems, which can affect fish populations – and the people that depend on them.[5*] 

Changes in our ocean due to climate change will impact small-scale fishers.[6*]
Climate change will significantly impact fisheries due to changes in sea temperature, salinity, and what kind of fish live where.
Studies have shown that climate change will likely lead to fisheries in warmer regions becoming significantly less productive. 
These decreases will have disproportionate impacts on developing countries, which tend to be located in the tropics, as well as the small-scale fisheries that provide livelihoods, essential nutrition, and economic opportunities at the household, local, and national level in these regions. 

Warmer oceans can also encourage dangerous algae overgrowths that produce toxins and lower oxygen levels in the water, killing marine life and even people. 
In some regions, chemicals from agricultural runoff feed into these water waters creating ideal conditions for rapid algae growth known as algal blooms.[7*] 
Some types of algal blooms can produce extremely dangerous toxins that can cause eye and lung irritation and worsen asthma. These blooms can even kill people and animals.[7*]
Growing algae depletes the oxygen in the water necessary for marine organisms to live, forcing species to flee or perish.[7*] 
From 1960–2010, the oceans lost an estimated 77 billion metric tons of oxygen, affecting an accumulated area approximately the size of the European Union.[8*]

Fossil fuel pollution has severe impacts on ocean ecosystems and communities that depend on them.
It’s not just the atmosphere that fossil fuels pollute. Millions of metric tons of plastics derived from oil and methane gas end up in the ocean each year. Marine animals can become entangled in or ingest plastic, causing them to drown, starve, or incur wounds. The plastic can also cover phototropic organisms that depend on access to light and oxygen to survive.[9*]
When fossil fuels spill into the ocean, the results can be harmful or even deadly. People exposed to oil spills, especially those tasked with cleanup, are at risk of health problems like skin and eye irritation, neurologic and breathing problems, and stress.[10*] For marine animals, oil can interfere with the insulating ability and water repellency of fur and feathers, and it can poison animals that come into contact with it or accidentally ingest it while trying to clean themselves.[11*]
The economic impacts of oil spills go far beyond the cost of cleanup to include losses from fisheries, aquaculture, tourism, recreation, and critical infrastructure that relies on clean water.[12*]
Oil spills disproportionately hurt poor communities. For example, according to a study carried out in the immediate aftermath of the 2010 Deepwater Horizon Oil Spill, coastal residents in households earning less than $25,000 per year were more likely to report that they lost income, more likely to think they would have to move, and more likely to report adverse physical and mental health impacts among their children.[13*]

REFERENCES:
[1*] Rajendra K. Pachauri et al., “Climate Change 2014: Synthesis Report,” Contribution to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change, Cambridge University Press, Topics 1 and 2 (November 2, 2014): 40-62. http://www.ipcc.ch/pdf/assessment-report/ar5/syr/SYR_AR5_FINAL_full.pdf
[2*] Nicola Jones, “How Climate Change Could Jam The World’s Ocean Circulation,” Yale Environment 360, September 6, 2016. https://e360.yale.edu/features/will_climate_change_jam_the_global_ocean_conveyor_belt 
[3*] NOAA Fisheries, “Shallow Coral Reef Habitat,” National Oceanic and Atmospheric Administration, last updated January 21, 2020. https://www.fisheries.noaa.gov/national/habitat-conservation/shallow-coral-reef-habitat
[4*] Ben Smee, “Great Barrier Reef: 30% of coral died in ‘catastrophic’ 2016 heatwave,” The Guardian, April 18, 2018. https://www.theguardian.com/environment/2018/apr/19/great-barrier-reef-30-of-coral-died-in-catastrophic-2016-heatwave
[5*] US Environmental Protection Agency, “Climate Change Indicators: Ocean Acidity,” last updated January 30, 2021. https://www.epa.gov/climate-indicators/climate-change-indicators-ocean-acidity 
[6*] Food and Agriculture Organization of the United Nations, “The State of the World Fisheries and Aquaculture 2020,” June 2020. http://www.fao.org/documents/card/en/c/ca9229en  
[7*] National Institute of Environmental Health Sciences, “Algal Blooms,” last updated January 21, 2021. https://www.niehs.nih.gov/health/topics/agents/algal-blooms/index.cfm
[8*] Mindy Weisberger, “The Ocean Is Suffocating and It’s Our Fault,” Live Science, January 4, 2018. https://www.livescience.com/61338-ocean-losing-oxygen.html
[9*] UNEP, “Research highlights true impacts of plastics on our planet, ecosystems and people,” March 12, 2019. https://www.unenvironment.org/news-and-stories/press-release/research-highlights-true-impacts-plastics-our-planet-ecosystems
[10*] MedlinePlus, “Oil Spills,” US National Library of Medicine, last updated February 11, 2021. https://medlineplus.gov/oilspills.html
[11*] NOAA, “How does oil impact marine life?” last updated February 25, 2021. https://oceanservice.noaa.gov/facts/oilimpacts.html 
[12*] Jonathan L. Ramseur, "Oil Spills: Background and Governance,” Congressional Research Service, September 15, 2017. https://fas.org/sgp/crs/misc/RL33705.pdf 
[13*] David Abramson et al., “Impact on Children and Families of the Deepwater Horizon Oil Spill: Preliminary Findings of the Coastal Population Impact Study,” National Center for Disaster Preparedness, August 2010. https://academiccommons.columbia.edu/doi/10.7916/D8988GQT 

SLIDE SOURCE(S): https://www.climate.gov/news-features/event-tracker/scientists-link-toxic-algal-blooms-along-us-west-coast-warm-waters


Climate Change: Veterinary Drugs

o Elevated temperature could lead to:

o Enhanced survival of pathogens
o Increases in vector-borne diseases
o Increases in parasite prevalence in animals (FL, TN)

o Heat-stress: increases susceptibility of animals to disease

o These require increase in veterinary drugs use, may lead to:
o Increased residue in animal foods (chronic and acute human health)

o Increased antimicrobial resistance in human and animal pathogens



Climate Change: Pesticides

o Increases in extreme temperature and rainfall:

o Attraction of pests, plant diseases, weeds
o Changes in pesticide use pattern is likely
o Excessive rainfall could: water pollution with pesticides

o Specially of concern for: Polychlroniated Biphynols (PCBs)
and dioxins (environmentally stables chemicals).

o Mitigation:

o Use of draught-resistant crops
o Changing planting and harvest dates

o High-yield water-sensitive crops



Climate Change.: Zoonosis

o Zoonosis, Vectorborne Diseases, and other Animal Diseases:

o Elevated temperature could result in:
o Survival and proliferation of the pathogen (e.g. Salmonella serovars)
o Changes in migration pathways (e.g. for avian influenza)
o Changes in carriers and vectors (e.g. Zika virus)

o Changes in natural ecosystem (e.g. Ciguatera fish poisoning)

o These changes could lead to:

o Increased outbreak and sporadic cases

o Increased need for antibiotics and antimicrobials



* Annualillness (death): 1,027,561 (378) in humans

Sa/l ) ] On 6//0 * Infection causes nausea, vomiting, diarrhea, fever, headache
* Primary sources: Intestinal tract of people and animals

S e rova rS * Transmitted by meat, poultry, eggs, raw milk, unpasteurized juice, many
(Non-typhoidal)

other foods (nuts, spices, produce, chocolate, flour)

Contributing factors: cross-contamination, undercooked food, poor
agricultural practices

Growth Minimum Optimum Maximum

parameters

Temperature 41°F (5.2°C) 95-109°F (35- 115°F
43°C) (46.2°C)

pH 3.7 7-7.5 9.5

aw 0.94 0.99 >0.99

Other Non-spore former

Atmosphere Facultative - grows with or without oxygen

Sources: ICMSF 1995 and Bad Bug Book 2" edition, Scallan et al.,
2011, and FSPCA




# of Bacteria

ht\,&,} 0 minutes 1
l 20 minutes 5 Bacteria Estimated Infective Dose*
40 minutes 4 Salmonella serovars <10 cells
@ 1 hour p Shiga toxin-producing E. coli 10 to 100 cells
I 2 hours 64 Cronobacter sakazakii 10 to 100 cells
(@ ; 4 hours 4,096 Listeria monocytogenes <1000 cells
T \ 6 hours 262,144 Campylobacter spp. 5000 to 10,000 cells
| @ 8 hours 16,777,216 Staphylococcus aureus >100,000 cells
) 12 hours 68,719,476,736 Vibrio cholerae 1,000,000 cells

Public Health Microbiology Laboratory: Education, Research, Outreach, and
Technical Assistance: hitps://publichealthmicrobiology.education/



Climate Change and Public

Health Microbiology

Non-typhoidal Salmonella enterica serovars
o Global death: 50,000 global death in 2010 (WHO, 2020)

o Public Health Burden in the U.S.: >1 million annual cases

in 2011 (CDC, 2011)

Climate Change:

o 1°C increase : 5 to 10% increases in Salmonellosis

(WHO, 2010)
o 2500 to 5000 additional global death
o 50,000 to 100,000 U.S. morbidity

At our current rate (2021 IPCC report)
o >1.5°C by 2040
o >4.8°Cby 2100
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Changing climate

A ‘threat multiplier’ for foodborne and waterborne
infectious diseases and antibiotic resistance
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THE ROLE OF CLIMATE CHANGE
Microbial pathogens have an incredible.
ability to evolve and move towards
“fitness'in response to changes in their
environment. Climate change will have
pronounced effects on the proliferation,
survival, and spread of microbial
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In response to evolving environmental, production, and processing conditions, microbial
communities have tremendous abilities to move toward increased diversity and fitness by various
pathways such as vertical and horizontal gene transfer mechanisms, biofilm formation, and quorum
sensing [1,2]. As such, assuring the safety of water and food supplies from various natural and
anthropogenic microbial pathogens is a daunting task and a moving target. Recent outbreaks of Listeria
monocytogenes in South Africa associated with a ready-to-eat product (affecting close to 1000 individuals)
and the 2018 outbreak of Shiga toxin-producing Escherichia coli O26 associated with ground meat in the
United States (leading to the recall of more than 132,000 pounds of products) are bitter reminders of
the devastating influences of foodborne diseases on the public health and food manufacturing [3,4].

Recent epidemiological studies of world populations indicate that 420,000 people lose their lives
every year due to foodborne diseases, with around one-third of those being 5 years of age or younger.
It is further estimated that every year, 1 in 10 individuals experience foodborne diseases around the
globe, leading to an annual loss of 33 mill I. These episodes of food and water
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https://researchoutreach.org/articles/changing-climate-threat-multiplier-foodborne-waterborne-infectious-diseases-antibiotic-resistance/

* What are the three main effects of climate on food safety?

* Please name two main foodborne bacteria that could cause enhanced
public health problems in the changing climate?

* Please name two main mycotoxins that could cause enhanced public
health problems in the changing climate?

* What are phycotoxins? Please provide one example of foodborne
phycotoxins?

* What 1s the effects of climate change on zoonosis diseases?

* What 1s the effects of climate change on pesticides use and how the
negative effects could be mitigated?



Thank you

Dr. Aliyar Cyrus Fouladkhah,

Faculty Director, Public
Health Microbiology
Laboratory, Tennessee State
University

afouladk@tnstate.edu|
Phone: (970) 690-7392

Photos Courtesy: Adobe Stock, royalty purchased (standard
license) by public health microbiology laboratory
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