PANDEMICS &/
ENVIRONMENTAL HEALTH

Exploring the links between Environmental Health, ‘,
Climate Change and Pandemics present, past and future [ 5




LEARNING OBJECTIVES

Understand links between environmental health and pandemics
To understand the interactions between environmental health and pandemics.
Assess Impact on Pandemic Severity and Healthcare
To analyse how human and climate-driven events impact healthcare and increase
health disparities during pandemics.
Draw Lessons from Historical and Current Examples
To explore how climate change has influenced past pandemics and recent
outbreaks.
Propose Synergistic Solutions and Strategies
To understand strategies that address both environmental change and pandemic

preparedness.
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INTRODUCTION

Humans interact with their
environment in many ways. Being
in close proximity with other
animals and wildlife increases the
risk of zoonotic disease
transmission, where diseases
‘jump’ from one species to another.




INTRODUCTION

Climate change alters the way we
interact with other species on
Earth.

This inevitably has an impact on
our health, and increases the risk
for infections
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DEFINITIONS Z0ONOTIC DISEASES
spread BETWEEN animals and people
Zoonotic transmission refers to @ =
spread of disease between -~ oo TP 20
animals and people. @QQ ' 'l.'@. - .||
r
COVID-19 may be one such < winasnly,

example. Other diseases, such as
bird flu, are also on the rise due to
the sheer number of people on the
planet, habitat destruction and
cultural factors




DEFINITIONS

Disease can spread through:

Food

Proximity or direct contact with
animals

Airborne or waterborne
diseases

Vector-borne disease

HOW ZOONQTIC DISEASES -+ varsrite
m Vector-horn disease @

Air—horn/water—born disease

f%

s v\y

direct contact




DEFINITIONS

Climate Change refers to long-term
shifts in temperatures and weather
patterns. These shifts can be
natural, or human-caused.

We are currently experiencing
warming due to human activities,
called “anthropo-genic” warming.

Average temperature over
reference period (1971-2000)

Reference period
1971 2000

—_—

Much
warmer




DEFINITIONS

The evidence overwhelmingly
shows that current climate change
is unprecedented in speed,
intensity and magnitude during
human history.

The world has warmed 1.2°C since
the start of the Industrial
revolution.

Global temperatures: Human and natural factors, 1850-2017

* Observed AllFactors = All Human Factors == All Natural Factors




¢) The extent to which current and future generations will experience a
hotter and different world depends on choices now and in the near-term

2011-2020 was
around 1.1°C warmer
than 1850-1900

future experiences depend on

Future emissions Q/how we address climate change

1900 , 1940 - 1980 scenarios: 2060 2100
very high
warmin
continue
beyond
intermediate 2100
very low
\
1°C Global temperature change above 1850-1900 levels
B born B 70 years
0 05 1 15 2 25 3 35 4 in 2020 |t [ old in 2090
=
b%’éo B ) Y ~70 years
" ), 41 old in 2050
born ‘ . ‘ A ' | /0 years
in 1950 — ) \ oldin 2020




DEFINITIONS

A pandemic is a widespread
occurrence of infectious diseases
over a region or the whole world at
a particular time.

The COVID-19 pandemic is one
such example. We will explore
others that occurred in history




What’s the difference?

Endemic, epidemic and pandemic explained.

Epidemic or Pandemic Endemic

Outbreak An epidemic that A disease or condition
spreads across regions present among a

Disease occurrence g :
population at all times

among a population
that is more than what
is expected in a given
time and place, usually
dd " Source: Centers for Disease
asu en increase Control and Prevention (CDC)




DEFINITIONS

Pandemic examples:

- Spanish Flu
- HIV/AIDS
- COVID-19

HISTORY OF PANDEMICS

PAN-DEM:-IC (of a disease) prevalent over
a whole country or the world.

Death toll

Antonine Plague 165-180 5M ®
Plague of Justinian 541-542 30-50M .

Japanese Smallpox Epidemic 735-737 1M —@

Black Death (Bubonic Plague) 200M
1347-1351

Throughout the 17th and 18th
centuries, a series of
*Great Plagues® routinely

Smallpox 56M

1520
ravaged cities across Europe.
17th Century Great Plagues 2M —
1600
18th Century Great Plagues 600K '

1700

Cholera 6 outbreak 1M
1817-1923

The Third Plague 12M
1855

THROUGHOUT HISTORY, as humans
spread across the world, infectious
diseases have been a constant
companion. Even in this modern
era, outbreaks are nearly constant.

Here are some of history's most
deadly pandemics, from the
Antonine Plague to COVID-19.

1450

1500
1550
1600

1650

B Spanish Flu 40-50M

Yellow Fever 100-150K
LATE 1800s a7, 1218-1919
Russian Flu 1M
1889-1890
1900
1925
HIV/AIDS 25-35M
1981-PRESENT AsianFlu 14M -
1957-1958 2
Hong Kong Flu 1M
1968-1970
1975

."COVID-19

7, Z 7
SARS 770 /
2002-2003 b
MERS &850 ¥ .
2012.pRESENT ¢ Ebola 11.3K / 5
2014-2016

2000

Swine Flu 200K
2009-2010

6.9M*

2019-02:30Pm PT, MAR 1, 2023 [ONGOING]

2025



ENVIRONMENTAL HEALTH,
CLIMATE CHANGE AND PANDEMICS

How are they related?



ENVIRONMENTAL HEALTH

This is a branch of public health
concerned with monitoring or
mitigating factors in the
environment that affect human
health and disease.

These factors are often called
determinants of health and

wellbeing, and can be natural or
human factors.

LOBALECOSYsTe,

The determinants of
health and well-being
in our neighbourhoods

Ansi anpo'®



ENVIRONMENTAL HEALTH
AND PANDEMICS

An unhealthy environment
increases the risk of disease
transmission or new diseases
emerging.

This could set the scene for a new
pandemic, especially in our
interconnected world.

HOW THE ENVIRONMENT
IMPACTS OUR HEALTH

9,
= v HN
AIR POLLUTION
g s P4 @ CLIMATE

CHANGE

1) BUILT
INADEQUATE oy ) ENVIRONMENTS
WATER, SANITATION 0
CHEMICALS @ AGRICULTURAL
and blological agents Q PRACTICES
RADIATION
ultraviolet and ionizing connumrv OCCUPATIONAL

) st

vironmentalHealth



ONE HEALTH

One Health refers to a notion that
human health and animal health are
interdependent, and linked to their
shared ecosystems.

This requires a multidisciplinary
approach, and increasingly
important over time requiring local,
national and global cooperation.

ONE HEALTH

Human health and animal health are interdependent.
At the same time, both depend on the environment.

Social
determinants
e
Note: The

associated factors

Population  are not exhaustive,
movements theyare examples,
as there are many

elements to

consider.

security

Antibiotics and m

other antimicrobials

Climate
change

wesiock M|V /NBE ONEHEALTH

Q HEALTH pollution
niOdli‘),:s“"yQ @ Deforestation



ONE HEALTH

A healthy environment is conductive

to health animals and healthy humans.

This is particularly of note due to

* human population expansion and
growth

 climate & land-use changes

 global movements of animals
and people

ONE HEALTH

Human health and animal health are interdependent.
At the same time, both depend on the environment.

Social
determinants
e
Note: The

security associated factors
Population  are not exhaustive,
movements theyare examples,
as there are many
elements to
consider.
Antibiotics and
other antimicrobials

Climate
change

ivestock [\ N||V VNN ONEHEALTH
5 HEALTH pollution
Disease Air

Biodivm"YQ @ Deforestation
loss



ONE HEALTH

In the chat during this
clip type points of
concern from an
environmental health
perspective.

Video clip: Contagion
(2011).
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- One Health
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[
NVIRONMENTAL HEALTH: HABITAT ENCROACHMEN%

Forest loss is defined as the combination of deforestation and forest degradation.
Deforestation involves the abrupt transition from land with trees to land without trees with no subsequent regrowth.
Forest degradation refers to thinning of the canopy and loss of carbon without a change inland use. Forest is expected to regrow.

Global forest loss: deforestation vs. forest degradation
In Lata

20.93 Mha annual tree loss

o One-quarter (27%) is Tropical regions — Temperate regions —
AS h u m a n S d eSt roy h a b It atS permanent deforestation I;foresfatiopn for agricu\t\%& dqminate—sl Degradation from vadﬁre& p\anat\oﬁugging dominates
95% of global deforestation 5% of global deforestation
th h . f .t' ’.t’ 34% of forest degradation 66% of forest degradation
rougn expansion ot acuvities Wildfires EX:JVIIES 5.2 Mha
hyrs 5Mha
. o e M s 4.7Mh
such as deforestation, mining, |
. ) Forestry =
agriculture and construction, the products
0 0 o . paper, pulp etc.) 35Mh
risk of disease transmission sl :
. 3Mha
increases. hifing N e
agriculture
ﬁ‘ 2 Mha
FrY
1.5Mha
Deforestation 1Mh
Mostly (>70%) 1Mha —
oo R e
& urbanization. 27% 0.5Mha -
!'
EE@,’H’:‘H 0L' South Afri North Russia, China, E Oceani
Global america aga T Aerica  SouthAsa oTope Ocean
IC;Ault\:\;;EIEiED;t‘ai.:c;;;I‘ l\’m‘ ‘fl‘:l“:"”::;.‘:.‘_T.,!‘a: :;II\F-{ :. .:u : I problems. € 1 CC-BY by it ! ;




EBOLA AS AN EXAMPLE

Ebola outbreaks are likely to
occur in hotspots of forest
fragmentation. Through
increased human contact with
wildlife, the risks of
transmission of ebolaviruses
from wildlife reservoirs to
humans increase.

As forests fragment, Ebola
outbreaks are more likely to
occur.

A

Forest fragmentation, 2000 (top) vs 2014 (bottom)
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ANTIMICROBIAL RESISTANCE

Through careless and widespread use of
antibiotics, microbes are developing the
ability to defeat drugs designed to Kill
them.

This is a major worldwide problem
requiring global cooperation and stringent
monitoring. The WHO has recently
declared AMR as one of the top 10 global
public health threats facing humanity.

I
revent or treal
jsct sl lants
Fungi P Parasntes
Antlparasntlcs
An antimicrobial
drug works against only ong
type of ol g nism
such as thrush, rin
worm and athlete's foot ice
° Py

Ko Antimicrobials:

ecurity

a simple overview
Prevent or treat Pr 1

infections cause: d by by
Bacteria Vlruses

are medicines
usedtope ent and treat

Antibiotics
(also known as
antibacterials)
Antimicrobials
ary Tract
nfection IS ),
Sexually nfections O\/\D 1‘9 Hlv

infections caused by

microorganisms in
humans, animals and

Antimicrobial Resistal

el\ ere
medicines pr \y drt 11h



ANTIMICROBIAL RESISTANCE

Dealing with this problem requires
a transdisciplinary approach
though veterinary, public health
and clinical cooperation.

The cost of AMR is highly
significant. Prolonged illness
burden healthcare systems,
require more expensive medicines,
and may still lead to patient death.




ANTIMICROBIAL RESISTANCE
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EMERGENCE OF SUPERBUGS

Superbugs are strains of bacteria
that have become resistant to
known antibiotics.

According to the WHO there will be
more deaths related to superbugs
than cancer by 2050!

These could well be candidates for
future pandemics, and virtually
untreatable (as drugs take a long

time to develop). ; :
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EMERGENCE OF SUPERBUGS

How do we slow down the
development of superbugs?

Avoid self-medication, take only
when necessary

Doctors need to stop
administering antibiotics for
trivial infections

Treatments must be completed,
even when symptoms subside.




CLIMATE CHANGE
AND PANDEMICS

As climate change sets in, habitats

change, and with it, the ecosystem.

For example, previous areas too
cold for certain vectors of disease
(e.g. certain mosquito species)
become suitable.

CLIMATE HAZARDS EXACERBATE DISEASES

Rising temperatures pose the greatest threat to disease outbreaks. For instance,

warmer temperatures increased mosquito survival and biting rates, thereby
increasing the spread of West Nile virus.

Rising temperatures

Rainfall

Floods

Drought

Storms

Land-cover change

Oceanic climate change

Fires

Heatwaves

Sea level rise

0 50 100 150 200

Number of diseases made worse




CLIMATE CHANGE
AND PANDEMICS

As climate change sets in, habitats
change, and with it the ecosystem.
For example, previous areas too
cold for certain vectors of disease
(e.g. certain mosquito species)
become suitable.

MODE OF TRANSMISSION

Climate change has exacerbated more than 100 infections
spread by vectors, such as mosquitoes, ticks, fleas and birds.
Vector-borne
Waterborne
Airborne
Direct contact

Foodborne

Unspecified :
0 20 40 60 80 100 120
Number of diseases made worse




CLIMATE CHANGE AND PANDEMICS

Changes in climate and associated =
effects lead to shifts in the
geographical range of species.

Warming, precipitation changes
especially are associated with a
range of expansion of vectors
including mosquitoes, ticks, fleas, |
birds and several mammals.

A

©
&

% 2o




122 Precipitation

]
Drought
Storms

I
Natural cover change

Ocean climate change

2] Fires
&0 Heatwaves

U8 Vector-borne

Waterborne

Airborne

&g Direct contact

9 Food-borne

11@ Unspecified
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CLIMATE CHANGE AND PANDEMICS

Mean and future changes in climate parameters and

i ?
How are they linked? malaria risk based on the RCP 8.5 scenario.

RCP8.5

Difference 2040-2050 and 2000-2020

E.g. Malaria

« Warmer temperatures
expand vector habitats

* Increased/Decreased
precipitation and
humidity contribute to
changes




CLIMATE CHANGE AND PANDEMICS

Example: Malaria (spread by Anopheles sp.)

 City X was above the altitude comfortable
for mosquitoes to survive

» Climate warms -> Mosquitoes survive
higher up S

« Malaria spreads in the city }% —



CLIMATE CHANGE AND PANDEMICS

West Nile Virus

Climate change increases the
risk of human exposure to West
Nile Virus.

Warmer temperatures facilitate
mosquito growth and spread,
biting rates and incubation of the
disease within the mosquito.

Human cases reported in
2019

Human cases reported in y
2018

Human cases reported
during 2011-2017

No reported cases
Not included

ECDC. Map produced on: 15 Nov 2019



CLIMATE CHANGE AND PANDEMICS

West Nile Virus
= ?g&an cases reported in
. Human cases reported in .
* The effect of climate change on ff”:
the timing of bird migration and o
breeding patterns may also fikioeleled
contribute to changes in long- > %
range virus movement. e .
R ‘ﬂ"f . I( s
Mild winters and drought have . x \

been associated with West Nile
virus disease outbreaks

ECDC. Map produced on: 15 Nov 2019



CLIMATE CHANGE AND PANDEMICS

Lyme Disease

* Lyme disease is a bacterial
iliness that can cause fever,
fatigue, joint pain, and skin rash,
as well as more serious joint and
nervous system complications.

* Lyme disease is the most
common vector-borne disease
(that is, a disease transmitted by
mosquitoes, ticks, or fleas) in the
United States




CLIMATE CHANGE AND PANDEMICS

Lyme Disease

* The range for tick survivability
has expanded, increasing the
risk of transmissibility of Lyme
disease.

* The life cycle and prevalence of
Deer ticks is strongly influenced
by temperature and humidity. A
changing climate improves their
odds of survival.




Other links: Food security & Immunity

* Food insecurity caused by climate

change may force people to
purchase low-quality food

* This may weaken their immune
system, making them more
susceptible to disease.

* This can make entire populations
vulnerable to spread of disease

CLIMATE CHANGE AND PANDEMICS

Benefits of Healthy Eating
for Adults

......
May help you
live longer

Keeps skin,
teeth, and ®
@Yes healthy

Lowers risk
l\;\ of heart disease,
MIE type 2 diabetes,
and some cancers

Supports
healthy
A pregnancies and
- breastfeeding
Supports
muscles
e |
? ’
" Boosts

Helps the digestive

immunity system function

Strengthens Helps achieve
bones g and maintain a
healthy

weight

TO LEARN MORE VISIT
cdc.gov/healthyweight/healthy_eating




: :\' CLIMATE CHANGE AND PANDEMICS

Other links: Food security & Immunity

Climate

* Food insecurity caused by climate change
change may force people to
purchase low-quality food

* This may weaken their immune !
system, making them more
susceptible to disease.
Food _
security

* This can make entire populations
vulnerable to spread of disease




PANDEMICS AND HEALTHCARE

How are they related?
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CoviD-19 PANDEMIC

The COVID-19 pandemic has
shown us that the world was
growly unprepared. The cost,
measured in lives, mental health,
economic costs and human
suffering was immense.




1.

CoviD-19 PANDEMIC

Good science is not good
enough. Public participation and
community acceptance is key.
We need to engage with politics.

Health inequities are a huge
problem. Social and
environmental determinants of
health are a real problem.




& rumstonns  COVID-19 STATUS REPORT
B Los Angeles, California

HEALTH FACTS AND INFRASTRUCTURE POPULATION POLICIES AND CASES
HEALTH INSURANCE RACE AND ETHNICITY COUNTY CASE DATA

CoviD-19 PANDEMIC

3. National perspectives and border-ism

are a problem. Viruses don't care E s wax owsew e
about borders. We need global Eow T o= uEnE
cooperation and interlinked healthcare

systems. ' ==

4. Better data and health surveillance is
key. This allows real-time monitoring,
coordinated policymaking and contact
tracing capacity.

7/8/2020, 7:33:48 AM
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CoviD-19 PANDEMIC

5. Biomedical science is key.
Unprecedented efforts to produce
vaccines that work, fast, have saved
millions of lives and billions in
economic costs.

6. Misinformation is big challenge. The
pandemic showed us how
misinformation, empowered through
social media, spreads and endangers
global efforts.




HEALTHCARE SYSTEMS

Healthcare systems play a crucial role in
controlling and managing pandemics.

Essential components include:

Surveillance
Research
Treatment
Prevention

Long term Strategic
Perspective &
Innovativeness

Institutional
Accountability &
Individual
Responsibilty

Sustainable
Healthcare

System

Instatutionalization
of Environmental
Concerns

Disease Prevention
& Health Promotion
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HEALTHCARE SYSTEMS

Ensuring healthcare systems
continue functioning is essential to
prevent burnout, dealing with
patient influx and to ensure
resource allocation.

Active cases

Without
mitigation

Flattening the curve

Increasing healthcare
i capacity

””””””” o

Time



GLOBAL COOPERATION

Global cooperation and trust during
pandemics is key. Pandemics in the
past decades has showed us the
importance of collaboration, especially
in our interconnected world.

While there is much progress in sharing
of science and knowledge, there is
much more to be done in sharing of
resources, especially with countries with
buckling healthcare systems.

International Cooperation
Failures in the Face of the
COVID-19 Pandemic

Learning from Past Efforts to

Address Common Threats

Jennifer M. Welsh




HEALTH DISPARITIES

Health disparities increase the risk of
pandemics. For example: We will never know
the true impact of Covid-19 in many countries
and within many countries precisely because
health systems are not as equipped, or
equally accessible.

The US is a case in point! Their healthcare
system actually allows chronic diseases in
the least advantaged members of society to
go unchecked, leading to higher risk of
disease/pandemic spread.

Disparities and COVID-19 in
the US

Eleven months after the first reported case of COVID-19, new
data continue to document the crisis’ physical, mental, and
econcmic toll on the nation's most vulnerable populations.

Federal Action

The US government can
mitigate disparities by targeting
COVID-19 relief funds to
underserved communities and
making investments in economic
security and mental health
support for low-income
individuals.

State Solutions

A COVID-19 task force in
Maryland leveraged data on
social determinants of health
to aid populations most at risk
of severe COVID-19
complications.

Low minority participation in vaccine
trials and historical distrust of the
government may inhibit vaccine
reception among minorities.

=0

Read the full series here:
Part 1: https/fbit ly/3gLEPLU
Part 2: https:fbit ly/ 388wmls
Part 3: https://bit ly/3qVud1v

Public Trust

35% of Black respondents of a Commonwealth
Fund health policy COVID-19 survey offered a
*good” or "very good” assessment of state and
local governments’ handling of the pandemic,
compared with 54% of White respondents.

Chronic lliness

n the US, peaple of color have
higher rates of chronic diseases
than their White counterparts:

the risk of being diagnosed with
diabetes is 77% higher for African
Americans and 66% higher
among Hispanics compared with
White Americans.

Economics

Low-income individuals are
more likely to have chronic
illnesses, while individuals with
low incomes in America are
disproportionately racial and
ethnic minorities

Insurance

Thus far, the percentage loss of
health insurance coverage among
Black, Hispanic. and Asian
American populations is
approximately double that of White
individuals during the pandemic

AJMC 25
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PANDEMICS THROUGHOUT HISTORY

Shedding light on how
pandemics have shaped history

+

g



HISTORY OF PANDEMICS

PAN-DEM:-IC (of a disease) prevalent over
a whole country or the world.

THROUGHOUT HISTORY, as humans

Death ol spread across the world, infectious
Antonine Plague 165-180 5M ® . diseases have been a constant
Plague of Justinian 541-542 30-50M —— - companion. Even in this modern

Japanese Smallpox Epidemic 735-737 1M —@ era, outbreaks are nearly constant.
Here are some of history's most
deadly pandemics, from the
Antonine Plague to COVID-19.

Black Death (Bubonic Plague) 200M
1347-1351

Throughout the 17th and 18th

centuries, a series of
*Great Plagues” routinely Elallnox ?552"3

: 1450
ed citi E S
ravaged cities across Europe. —_ . s
N e s
1550
17th Century Great Plagues =M
1600 1600
1650
18th Century Great Plagues 600K 77‘ 1700
1700
1725
1750
Cholera 6 outbreak 1M
1817-1923

The Third Plague 120
1855

Spanish Flu 40-50M
1918-1919

Russian Flu 1V

Yellow Fever 100-150K
LATE 1800s

1889-1890
1900
1925
HIV/AIDS 25-35M
1981-PRESENT Asian Flu 11M
1957-1958 {250
Hong Kong Flu 1M
1968-1970
1975
2000
Sﬁ)Rosz,zag * Swine Flu 200K
MERS 850 | Ebola 11.3K v 2009-2010
2012-PRESENT 501a.3016 &7 Zz"COVID-19 6.9M*

12025

'WHO officially declared COVID-19

DEATH TOLL
[HIGHEST TO LOWEST]

200M

Black Death (Bubonic Plague)
1347-1351

56M

Smallpox
1520 Spanish Flu
1918-1919

The plague originated The outbreak wiped

in rats and spread to out 30-50% of Europe's
humans via infected fleas. population. It took more than
200 years for the continent’s
population to recover.

Smallpox killed an estimated 90% of
Native Americans. In Europe during the
1800s, an estimated 400,000 people
were being killed by smallpox annually.
The first ever vaccine was created to
ward off smallpox.

25-35M 11M
HIV/AIDS The Third Plague COVID-19 Antonine 17th Century Asian Flu
1981-PRESENT 1855 2019-02:30pm PT,  Plague Great Plagues  1957-1958
MAR 1, 2023 165-180 1600
[ONGOING]

L & L) e .

M 600k 100-150K
Cholera 6 Japanese 18th Century Swine Flu Yellow Fever Ebola
outbreak Smallpox Epidemic Great Plagues 2009-2010 LATE 1800s 2014-2016
1817-1923 735-737 1700

(@ )eapiTALICT

30-50M

Plague of Justinian
541-542

The death toll of this plague
is still under debate as new
evidence is uncovered, but
many think it may have
helped hasten the fall of

| the Roman Empire.

™M
Russian Flu Hong Kong Flu
1889-1890 1968-1970
MERS SARS

2012-PRESENT 2002-2003

- Sy
w(p/:/visualcapnahst &) ((©)) @visualcap | & | visualcapitalist.com



ANTONINE PLAGUE (160 CE)

Estimated deaths: 5 - 10 million
Fatality rate: 25%
Culprit: Unknown. Possibly Smallpox (debated)

Brought to the Roman Empire at its zenith
from the Near East, probably during the siege
of the Mesopotamian city of Seleucia. It
spread throughout legions and over 15 years
led to the death of 10% of the empire’s
population.

While the extent of its impact is debated by
historians, it coincides with a turning point in
the fate of the Roman Empire.

Documented by Galen, the Greek Physician
and writer. Symptoms included fever, diarrhea,
pharyngitis and pustular skin eruptions on the
9th day of infection.




PLAGUE OF JUSTINIAN (541-542 CE)

Estimated deaths: 30 - 50 million (~1/3 of European population)
Fatality rate: 40%?
Culprit: Yersinia Pestis carried via fleas on rodents

Brought to the Byzantine Empire through traders from
the Kingdom of Aksum in East Africa via Egypt. Up to
5,000 people per day were dying in Constantinople at
its peak. Around 25% of the population in the
Mediterranean basin died over this period.

This had a tremendous economic impact on the
Byzantine empire, leading to famines and loss of
craftmanship. Military campaigns faltered, and the size
of military reduced, with Byzantium unable to retain
recaptured land in Italy.




PLAGUE OF JUSTINIAN (541-542 CE)

Estimated deaths: 30 - 50 million (~1/3 of European population)
Fatality rate: 40%?
Culprit: Yersinia Pestis carried via fleas on rodents

A “sudden fever...but the body showed no change in
its original color, neither was it as hot as expected
when struck by a fever, nor did any inflammation
occur...but the fever was of such a lethargic
kind....[within a couple of days] a bubonic swelling
developed there in the groin of the body, which is
below the abdomen, but also in the armpit, and also
behind the ear and at different places on the thighs...
Up to this point, then, everything occurred in the
same way all who had taken the disease.”

Procopius, contemporary historian




PLAGUE OF JUSTINIAN (541-542 CE)

Estimated deaths: 30 - 50 million (~1/3" of European population)
Fatality rate: 40%?
Culprit: Yersinia Pestis carried via fleas on rodents

There are debates around association with a
possible “Cold event” in 536 CE. Volcanic
eruptions that year led to a period of protracted
cooling, documented worldwide. The lingering
effects were accentuated in 541CE with another
eruption. Possible links with crop failures and
lowering immunity, predisposing populations to
disease and pandemics. Rodents were more
likely to survive the usually hot journey to Egypt.

This period of cooling (536 - 660 CE) is often
called the “Late Antique Little Ice Age”
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BLACK DEATH(1347 -1351 CE)

Estimated deaths: 200 million (30-60% of European
population!)

Fatality rate: 30-60%

Culprit: Yersinia Pestis carried via fleas on rodents

Arrived from China in the 1340s, reached Europe
during the siege of Kaffa (Crlmea) in the summer of
1347 with Genoa as an epicentre, spreading via
trade routes.

Devastating to European society. Population levels
would not recover until the mid-1500s. However it
also brought about changes that set the foundation
for the Renaissance over the following decades.

Sidenote: “Crow face” to the right was a beak filled
with herbs and sweet flowers as belief at the time
was that disease was spread through bad smells..!
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BLACK DEATH(1347-1351 CE)

Estimated deaths: 200 million (30-60% of European
population!)

Fatality rate: 30-60%

Culprit: Yersinia Pestis carried via fleas on rodents

Interestingly, it seems to have followed the “Great Famine” of 1315-1317,
which killed around 15-20% of the European population. It is possible that
a weakened population with lower immunity was predisposed to higher
mortality rates within a generation of this event.

This also coincided with the “Dantean Anomaly” of the 1310s, where
cold/wet cycles of rainfall and rapid climate change may have
precipitated the Great Famine.

This perhaps demonstrates how climate, food security and health are
linked, in ways that are complicated but historically relevant.




BLACK DEATH(1347 -1351 CE)

Estimated deaths: 200 million (30-60% of European
population!)

Fatality rate: 30-60%

Culprit: Yersinia Pestis carried via fleas on rodents

A shock, but it
brought about
immense changes
to society!




SMALLPOX AND OTHERS (16™ CENTURY)

Estimated deaths: 50 million? (90-95% of Americas!)

Fatality rate: 95%

Culprit: Smallpox, Typhus, Measles

The Spanish Franciscan Motolinia left this description:

"As the Indians did not know the remedy of the disease...they died in
heaps, like bedbugs. In many places it happened that everyone in a
house died and, as it was impossible to bury the great number of
dead, they pulled down the houses over them so that their homes

become their tombs."

Effectively biological warfare.
Pandemics as weapons.

Population Collapse in Mexico

<——1520 Smallpox (~8 million deaths)

<—— 1545 Cocoliztli (~12-15 million deaths)

1576 Cocoliztli (~2 million deaths)
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SMALLPOX AND OTHERS (16™ CENTURY)

Estimated deaths: 50 million? (90-95% of Americas!)
Fatality rate: 95%
Culprit: Smallpox, Typhus, Measles

This is characteristic of new diseases. It is why COVID-19 spread
so fast - our bodies had not previously encountered it, and
immunologically we were not prepared for it. This is why disease
surveillance, monitoring and mitigation is an essential trifecta in
our scientifically-informed age.

Lakota winter count showing smallpox events




SMALLPOX AND OTHERS (16™ CENTURY)

Estimated deaths: 50 million? (90-95% of Americas!)
Fatality rate: 95%
Culprit: Smallpox, Typhus, Measles

This is characteristic of new diseases. It is why COVID-19 spread
so fast - our bodies had not previously encountered it, and
immunologically we were not prepared for it. This is why disease
surveillance, monitoring and mitigation is an essential trifecta in
our scientifically-informed age.

Lakota winter count showing smallpox events




CHOLERA EPIDEMICS & EL NINO

In the wake of the 2015-2016 El Nifio, multiple cholera epidemics

occurred in East Africa, including the largest outbreak since the 1997-

1998 El Nifo in Tanzania, suggesting a link between El Nifio and
cholera in Africa.

High-resolution mapping techniques found the cholera burden shifts
to East Africa during and following El Nifio events.

Throughout Africa, cholera incidence increased three-fold in El Nifio-
sensitive regions, and 177 million people experienced an increase in
cholera incidence.

Without treatment, the case fatality rate can reach 50%, but
accessible, appropriate care nearly eliminates mortality. Climatic
forecasts predicting El Niflo events 6—-12 months in advance could
trigger public health preparations and save lives.

How could El Nino affect health? m

Higher temperatures and extreme weather
events are more likely in an El Nifio

-

Escalates 3
infectious droughts
diseases s and fires

Like malaria,
dengue
and cholera

Impacts
food security
and access
to healthcare

Heat-related risks
to physical and mental health
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Geographical distribution of cholera in El Nifio and non-El Nifio years.




WHAT CAN WE LEARN FROM HISTORY?

NOT preparing for pandemics in our time is both
irresponsible and risky.

We live in an interconnected globe with fast means of
travel — pandemics are not only likely, but inevitable.

We need to have global cooperation and collaboration to
fight off the next pandemic — one hopes we have learnt
some lessons from COVID-19, which could have been
much worse.

Mitigating climate change and environmental degradation

is essential. Historical associations of climatic events and
d

pandemics are highly debated, but accepted as real
explainable.




PREPARING FOR
PANDEMICS

Strategies to prepare for future,
inevitable pandemics



KEY LESSONS LEARNT FROM COVID-19

Importance of early detection and rapid
response

The critical role of robust healthcare systems

The value of science and transparent
communication in controlling misinformation

The need for global cooperation and collective
action




1. EARLY DETECTION AND RESPONSE

Disease Surveillance systems are crucial here.
These systems involve the:

e Collection
* Analysis
* Interpretation

' s
------

Of data from a variety of sources
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1. EARLY DETECTION AND RESPONSE

Data sources may include

Syndromic data (e.qg. fever, etc)
Laboratory data

Demographics

Socioeconomic data

Location data

These data need to be cleaned, transformed into

something understandable, and visualised. ‘; : )




1. EARLY DETECTION AND RESPONSE

National reports (including real-time updates!) can
be generated which are important tools for health
policy decision making.

These datasets can then be pooled together with
other countries to map what, where and how
diseases are spreading, and what their
characteristics may be.

In Europe, such a system exists and is called TESSy
(The European Surveillance SYstem)

The European Surveillance System (TESSy) : &
a unique platform ecoc
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2. THE CRITICAL ROLE OF ROBUST HEALTHCARE SYSTEMS

A robust healthcare system is key to a nation’s 1 Y |

resilience. The WHO lists the following priorities: \ < -

- Investing in public health functions \_J +

- Building strong primary healthcare systems ) ‘\37

- Creating and promoting environments for i ¥
research, innovation and learning A 6

- Increasing investment in health systems and
emergency response management
- Address preexisting inequities

1:3
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3. THE VALUE OF SCIENCE AND TRANSPARENT
COMMUNICATION

Without addressing communication and scientific
information pitfalls, healthcare systems lose the
trust of the public.

This was amply demonstrated during COVID-19
when scientific misinformation caused immense
harm, especially due to misinformation spread
through social media.

This will be an ongoing challenge in every ﬁher:, N




4. THE NEED FOR GLOBAL COOPERATION AND RESPONSE

Importantly, as aforementioned, in our
interconnected world we cannot afford to silo
ourselves. Resources, knowledge and technical
information needs to be shared to deal with
emerging diseases as quickly and efficiently as
possible...

Ideally before they become a pandemic!

@ World Health
{8 Organization




WHAT IS THE ROLE OF
ENVIRONMENTAL HEALTH
IN ALL THIS?



VIRONMENTAL HEALTH: TRACKING CHANGE

As we have seen. Environmental health The Exposome: Understanding the Effect ISGlobal
! . . . ) of the Environment on Our Health
plays a key and growing role in dealing with

the threat of pandemics. Without a healthy @ cLIATE

environment, we cannot have healthy
@ ACTIVITY POI.IAl}"T‘ION GREEN
Wor e .

societies.

We need a “HEALTH IN ALL” approach, Y T HE PERSONAL THEEXTERNAL
where health is at the core of all our i (EXPOSOME) S
human systems. This goes from personal s

exposures, to external and biological
responses (The ‘Exposome’)

There is a need to TRACK change, and
prepare for possible outcomes, including
pandemics




VIRONMENTAL HEALTH:
PROMOTING SUSTAINABLE PRACTICE

Implementing environmentally sustainable
practices can reduce the chance of
zoonotic disease.

This can happen in any sphere, especially in
food systems where animal livestock are
involved.

This will require a change in diet, but it will
be a healthy, positive change.




VIRONMENTAL HEALTH:
PROMOTING SUSTAINABLE PRACTICE

HOW TO EAT SUSTAINABLY

e REALITY

NUTRITIONALLY

ADEQUATE
SAFE ACCESSIBLE
LOW CARBON
LongocTApgﬁlorN +g1¢ FOOTPRINT  HEALT
CULTURALLY

ACCEPTABLE




H : Our World

FOOD / Greenhouse gas emissions across ] n O

THE CARBON FOOTPRINT
OF FOOD

There is a vast difference in greenhouse gases (GHG) that are produced across various food types.

3 YA\
B B [S]
> 3 3 Pr i 3 T port 3 Retail »  Packaging

Aboveground changes In Methane emisslons On farm emissions from  Emisslons from energy  Emissions from energy  Emisslons from energy Emisslons from Cheese
biomass from deforestation, from cows, methane crop production and Its use In the process use Inthe transportof  use In refrigeration and the production of e v P .
and below ground changes from rice, emissions processing into feed of converting raw food items in country other retall processess  packaging materials, == Pork m e 28%  26%
In soll carben from fertilizers, manure, for livestock agricuttural products and Intemationally material transport and Other b """*A
and farm machinery Into final food items end-of-life disposal Poultry m t e =

Milk X

Transport emissions

GHG emissions per kilogram of food product
(kg CO2-equivalents per kg product) are very small for Eggs [17)
mast food products.
Beef (beef herd) | ] 60.0 Rice [ 0.16 L =
Lamb and mutton [ | 24.0 Legumes | 0.11 m Diet Emissions
11 &
Cheese 210 Methane production from cows Dairy co-products means beef from = b Fo od T e
. and land conversion for grazingt e et n footprint y yp
Beef (dairy herd) 210 daky herds has a lower carbon footprint
and animal feed means beef than dedicatad beef herds. %, Carrots
Chocolate 190 ffom dedicated beef herds has -
Coffee @ very high carbon footprint. Potatoes
Prawns (farmed) 120 26%
Palm oil of
Pig meat B 7o — Pigs and poultry are non-ruminant greenhouse gas
Poultry meat I s0 IIvestock, 5o they do not produce methane. emissions come
They have significantly lower emissions
Olive ol 52 than beef and lamb. from food
Fish (farmed) M 50
Eggs . . .
Flaoded rice produces methane,
Rice 4.0 which dominates on-farm emissions. Tlps For Reduclng Your Carbon F°°tp"nt
Fish (wild catch) 30 “Farm" emisslons for wild fish refers From Food
Milk 1o fuel use by fishing vessels.
. 20 Methane production from cows
ane sugar . means diry milk has significantly / "
Groundnuts 25 higher emissions than plant-based milks. ‘
Wheat and rye 14 \
Tomatoes 9% €0; emissions from most plantbosad prodcts
M {corn) ) are as much as 10-50 times lower than most
aize y ) .
pd animakbased proaucts. Meat and Avoid Buy seasonal Reduce Eata
Fact hasu tdistance, relai, ' H El 3
Soymilk || 0 “actors such as transport disiance, relai, dairy account meat and local diary plant-based diet
packaging, or specific farm methods are
Peas 09 often smail compared to Importance of food type. for 75% of
Bananas || o7 the carbon
Root vegetables | 0.4 footprint Y A
Apples | 0.4 INuTs have a negative land use change figure, from food Q o
Citrus fruits because nut trees are currently replacing coplands; e
carbon is stored In the trees. : 1
Nuts 03 Recycle Save Cooking  Refuse single-use
or reuse water smartly plastic




l\

Ty G N PLANETARY HEALTH
0 Planetary
ne .
% Health Healthy B We need to start thinking in terms
- Global €a : of systems and health being an
Public Health | interlinked system, where the
Health ‘¢ environment, life and human life

on our planetis one
interdependent whole (which it is!).

Health plays a key role here, and
we need this shift in thought to
ensure sustainable futures as part
of a global, collective, (healthy!)
civilization.




PLANETARY HEALTH

climate
change

This also needs to be reflected in
our (currently, very broken)
economic system, which should
ensure that while basic human
needs are met, environmental
thresholds are respected.

food

water

energy
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gender peace &
justice

equality

social political
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CLIMATE CHANGE FRESHWATER CHANGE

Increasing risk

Freshwater use
(Blue water)

STRATOSPHERIC OZONE
DEPLETION

P - Ve'ratir; 3 ' B
y = gaﬁeop g s, EI{;‘\
(Not yet quantified)

ATMOSPHERIC
AEROSOL
LOADING

(Not yet quantified)

LAND-SYSTEM
CHANGE

OCEAN
ACIDIFICATION

PLANETARY HEALTH

This also needs to be reflected in
our (currently, very broken)
economic system, which should
ensure that while basic human
needs are met, environmental
thresholds are respected.

There are Planetary boundaries,
and we are bursting through them
in ways that cause long-term,
irreversible harm.




PLANETARY HEALTH: BETTER CITIES, HOMES AND LIVING SPACES

Designing better environments,
from our cities to the places that
we work, our commutes, our
homes, will go a long way at
ensuring a better quality of life,
environment and health.




PLANETARY HEALTH: BETTER CITIES, HOMES AND LIVING SPACGES

Example: the 15 minute city

- Better commuting

- Less stress

- No need for cars

- Fewer carbon emissions
- More greenery

- Better communities!




ETARY HEALTH: BETTER CITIES, HOMES AND LIVING SPA




ETARY HEALTH: BETTER CITIES, HOMES AND LIVING SPA
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one more lane and it'll fix everything bro.
whole problem bro. bro cmon just give me
one more lane i promise bro. bro bro please i

Anything except a solution that actually
just one more lane bro. i promise bro just

makes sense




UN @ SANITATION,

P LA N ETA RY H EA LT H : ;;‘gggr‘n"‘;g‘ WASTEWATER MANAGEMENT 9
AND SUSTAINABILITY EDITION
WAT E R MA N AC EM E N T FROM WASTE DISPOSAL TO RESOURCE RECOVERY

Better water management is
key to a sustainable world and
environmental health goals.

This also ensures that our
water is safe to drink and
utilise.

Access to water needs to be
equitable and safe.




PLANETARY HEALTH:
WATER MANAGEMENT

Better water management is
key to a sustainable world and
environmental health goals.

This also ensures that our
water is safe to drink and
utilise.

Access to water needs to be
equitable and safe.




HABITAT LOSS REVERSAL

How to 'bend the curve' on
biodiversity loss

Actions to stop the decline of nature

Biodiversity in
2000

Consume less
Produce sustainably

Reduce other drivers

Increased conservation efforts ' ., 3
+ more sustainable production ®---------¢ e

Biodiversity level

Slow climate change

+ more sustainable consumption e e
Conserve and restore
3 Without action
Increased conservation efforts @-----ss==essesemcananl S S S S S =
.4 S I P & F 9
3 P P PP P

'
BuSINess as USUAl @--ccccccccccccaconcnccrcnccncccccnccacconnant

@O  Source: Global Biodiversity Outlook 2020




HABITAT LOSS REVERSAL:
BIODIVERSITY PREVENTS PANDEMICS!

Biodiversity plays a critical role in preventing pandemics by
maintaining the balance of natural ecosystems and preventing
the spillover of diseases from animals to humans.

In diverse ecosystems, diverse species can act as a buffer and
inhibit pathogens from spreading, a concept known as the
"dilution effect". Preserving different species is key.

Human-induced changes such as deforestation and urbanisation
disrupt these natural systems, leading to closer contact between
wildlife and human populations, increasing the risk of zoonotic
disease transmission, and potential pandemics. These need to be
stopped and reversed where possible.




Microbes are a key part of wildlife diversity
& often drive population dynamics

Anthropogenic environmental changes

Land Microbe communities
degradation / altered

A

Habitat Increased interaction
loss / among animals & species
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Spillover among wildlife, livestock, and people
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CONCLUSIONS

Placing Environmental Health
principles at the heart of all
policies ensures that we can fight
off the next pandemic heading our
way, while improving our quality of

life and wellbeing.




CONCLUSIONS

Placing Environmental Health principles at
the heart of all policies ensures that we
can fight off the next pandemic heading
our way, while improving our quality of life
and wellbeing.

Pandemics are a symptom of poor human
management of their environment and
surroundings.

Bad news: We have a lot of work to do
Good news: We can change that system!
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THANKS!

Do you have any questions?

john.cauchi@gmul.ac.uk



