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Evolution: Natural Selection

Source: UBC (2019).
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Antimicrobial Resistance: Acquisition

Antibiotic Action

Cell wall synthesis

Vancomycin
Cephlosporins
B—lactams
Bacitracin

Protein synthesis
Aminoglycosides
Chloramphenicol
Tetracycline
Linezolid

Nucleic acid

synthesis
Rifampin
Metronidazole
Quinolones
Fluoroquinolones

Antimetabolites
Trimethoprim
Dapsone
Sulfonamide

Source: Wright (2010).

Cell membrane
Polymyxin
Daptomycin

Antibiotic Resistance
Efflux pumps

Tetracycline
Aminoglycosides
B-lactams
Fluoroquinolones

Inactivation of

antibiotic substance
Macrolides

B-lactams
Aminoglycosides

Target by-pass
Vancomycin
Trimethoprim
Tetracycline
Sulfonamide

Target modification
Vancomycin
Aminoglycosides
Fluoroquinolones
Penicilin



Antimicrobial Resistance: Horizontal Gene Transfer
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Timeline: Antimicrobial Discovery vs. Resistance

1967

2004 2011

Nelsxeric
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pnevomoniae 1988 preusmonioe
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Staphylococcus T —— Neisseric Enterococcus 2002
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Methicillin I
Penicillin Vancomycin B et Ceftazidime
cuphalosporins .
1958 960 (S8 2001 -avibactam
19241 Azithromycin E Daptomycin 2015
1959 1980 20032
1985
1935 — Sulfonamides are 1945 — Fleming receives 1961 — Methicillin- 2013 — 131,000 tonnes 2050 — 10 million

used systemically to
treat bacterial infections

1914-1918 — More
deaths in WWI from
infectious diseases
than battle wounds

1941 — Penicillin
in clinical trials

1900 — The top 3 leading| 1939 — Florey and Chain
isolate penicillin from

causes of death were

infectious diseases mould cultures

1929 — Fleming
publishes the first
paper on penicillin

1943

Source: LGC Standards (2022); Browne (2020).

Nobel prize, warns of
penicillin-resistance

Golden age of antibiotics

given to WWII

resistant Staphylococcus
is documented globally

1950-1970 — Over 20
new antibiotic classes
are discovered

1987 — Lipopeptides
are the last class of

1970-1980 — Over
60 antibiotics are
released to market

1948 — Penicillin-resistant
Staphylococcus is declared
a global pandemic

1959 — Methicillin is
used to treat
penicillin-resistant
Staphylococcus

— Penicillin is

soldiers

of antibiotics were
used in agriculture

2001 —
antimicrobial resistance a
“global public health
concern”

antimicrobial-resistant
related deaths are
predicted each year
2017 — A clinical
Klebsiella pneumoniae

antibiotic successfully | strain is resistant to all
released to market

commercial antibiotics

2015 — The colistin-
resistant mcr-1 gene
was first reported

WHO declares



Antimicrobial Resistance: Epidemiology

ANTIMICROBIALS

Fertilizer

Production

Companion

Animals

Agriculture:
Livestock

Marine Ecosystems

L

Agriculture:
Forestry & Wildlife

Wastewater
Treatment

Freshwater Ecosystems

Recreation

Wood & Paper

Production

Textile & Cosmetics
Manufacturing

Source: Fernando & McKibbin (2022); Linton (19717).
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Antimicrobial Resistance: Factors attecting AMR

Individual Demographic
Characteristics
Age

Gender

Place of Residence

National &
Sub-national Culture

Demographic Trends
Population Aging
Population Growth

Migration

Governance
Political Risk
Economic Risk
Financial Risk

Health System Resilience

for Internal and External
Health Threats

Climate Variability

Mobility

Source: Fernando & McKibbin (2022).
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MODELING ECONOMIC IMPACTS OF AMR



Conceptualizing Economic Impacts of AMR
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Modeling the AMR Etfects on Labor Productivity

Changes in Labor Productivity due to Mortality and Morbidity from AMR-related Diseases

(Mortality - Deaths, Morbidity - Disability-adjusted Life Years)

Modeling the Evolution of AMR-related Diseases

Modeling the Evolution of AMR
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Modeling the Evolution of AMR-related Diseases

AMR-related Disease Group from
the Global Burden of Disease Studies (IHME)

Corresponding Disease Group

in the Global Burden of Bacterial Antimicrobial Resistance Study (IHME 2022)
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11

12

13

14

Acute hepatitis

Bacterial skin diseases
Chlamydial infection
Diarrheal diseases
Encephalitis

Endocarditis

Gonococcal infection
HIV/AIDS

Invasive Non-typhoidal Salmonella (iNTS)
Lower respiratory infections
Meningitis

Tuberculosis

Typhoid and paratyphoid

Urinary tract infections and interstitial nephritis

Bloodstream infections

Bacterial infections of the skin and subcutaneous systems

Gonorrhoea and chlamydia

Diarrhoea

Meningitis and other bacterial central nervous system infections
Endocarditis and other cardiac infections

Gonorrhoea and chlamydia

Bloodstream infections

Typhoid fever, paratyphoid fever, and invasive non-typhoidal Salmonella
Lower respiratory infections and all related infections in the thorax
Meningitis and other bacterial central nervous system infections
Tuberculosis

Typhoid fever, paratyphoid fever, and invasive non-typhoidal Salmonella

Urinary tract infections and pyelonephritis

Source: GRAM (Murray et al. 2022); GBD (IHME 2022)
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Modeling the Evolution of AMR-related Diseases

Average Percentage Change in the Growth of Disability- Adjusted Life Years (DALYs) from 1990 to 2020
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Modeling the Evolution of AMR

= As a function of:
1. Growth in Antimicrobial Consumption
2. GDP Growth
3. Growth in Old-age Dependency Ratio
4. Growth in Climate Indicators

" Seven pathogens:
Acinetobacter spp.
Enterococcus faecalis
Enterococcus faecium
Escherichia coli
Klebsiella pheumoniae
Pseudomonas aeruginosa

NS Gk b~

Streptococcus pneumoniae
* Data: European Centre for Disease Prevention and Control
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Modeling the Evolution of AMR

Data:

AMR Rates: ECDC (2022) 10
Antimicrobial Consumption: o
ECDC (2022)

Population Data:

UN Population Prospects (2019)
GDP: World Bank (2022) .
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Modeling the Evolution of AMR (Contd.)

Data:

AMR Rates: ECDC (2022)
Antimicrobial Consumption:
ECDC (2022)

Climate Indicators:
Fernando (2023) based on
GFDL ESM (ISIMIP 2022)
GDP: World Bank (2022)

Sensitivity of AMR to Physical
Climate Risks
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Modeling the AMR Effects on Labor Productivity

BRICS

Percentage Change in Labor Productivity in 2050
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Developing
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Modeling the AMR Eftects on Agriculture Productivity

Percentage Change in Livestock Productivity in 2000
BRICS Develaped

Developing
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Modeling the AMR Eftects on Changes in Risk Premia

AMR Preparednesss Index relative to the US

BRICS Developed ~ Developing
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Scenarios

Evolution of Agriculture

Scenario Evolution of Diseases Evolution of Resistance Rates Financial Risks
Productivity Impacts
Baseline
Constant 2019 Resistance Rates. 2000 rates gradually
Scenario
increasing to reach a 20
Evolution as a Function of the 2019 rates gradually increasing to reach a
Scenario 1 percent increase by 2100.
Medium Variant. 20 percent increase by 2100.
Resistance Rates as a Function of Medium
Scenario 2
Variant
Evolution as a Function of the Resistance Rates as a Function of Low
Scenario 3 2000 rates gradually None.
Low Variant. Variant
increasing to reach a 40
Evolution as a Function of the Resistance Rates as a Function of High
Scenario 4 percent increase by 2100.
High Variant. Variant
Resistance Rates as a Function of Medium
Scenario 5
Variant & SSP 1-2.6
Evolution as a Function of the Resistance Rates as a Function of Medium
Scenario 6 2000 rates gradually
Medium Variant. Variant & SSP 2-4.5
increasing to reach a 60
Resistance Rates as a Function of Medium Changes following the
Scenario 7 percent increase by 2100.
Variant & SSP 2-4.5 AMR Preparedness Index.
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The G-Cubed Model: Overview of Features

A global, multisectoral, intertemporal general equilibrium model

A hybrid DSGE-CGE model

Agents in the model
Households

Firms (Energy, Mining, Agriculture, Durable Manufacturing, Non-durable Manufacturing, Services)
Governments

Central Banks

* Heterogeneous agents

Inter-industry linkages, trade, capital flows, consumption, and investment

Captures frictions in the labor market and capital accumulation

20
Source: McKibbin & Wilcoxen 1999; 2013; McKibbin & Triggs 2018



The G-Cubed Model: Countries/Regions
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The G-Cubed Model: Sectors

Agriculture &
Forestry

Durable

Manufacturing

Non-durable
Manufacturing

Services 1

Source: G-Cubed Model Version 20C

Capital (K)

Labor (L)

Energy (E)

CES Function
for Materials
()

CES
Production

Function for
Sector X
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ECONOMIC CONSEQUENCES OF AMR
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Results Dashboard
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Cumulative Real GDP Losses from 2021 to 2100

Baseline

Region . Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 Scenario 7
Scenario
BRA -0.76 -0.90 -2.52 -2.77 -2.36 -3.07 -3.25 -10.76
CHN -2.56 -3.09 -3.45 -3.52 -3.41 -3.86 -4.38 -24.22
BRICS IND -1.09 -1.27 -1.77 -1.82 -1.73 -2.15 -2.32 -7.90
RUS -0.52 -0.61 -0.84 -0.87 -0.82 -0.98 -1.04 -3.34
ZAF -0.13 -0.15 -0.87 -0.93 -0.82 -1.25 -1.34 -0.67
AUS -0.29 -0.34 -0.36 -0.37 -0.36 -0.38 -0.42 -0.44
CAN -0.29 -0.34 -0.36 -0.36 -0.36 -0.37 -0.42 -0.95
DEU -0.06 -0.08 -0.40 -0.44 -0.36 -0.62 -0.61 3.20
EUZ -0.08 -0.14 -0.79 -0.88 -0.72 -1.30 -1.36 5.98
FRA -0.05 -0.08 -0.30 -0.33 -0.28 -0.46 -0.46 1.94
GBR -0.01 -0.02 -0.35 -0.39 -0.32 -0.69 -0.72 6.01
Developed ITA -0.01 -0.03 -0.29 -0.33 -0.27 -0.49 -0.51 -2.16
JPN -0.38 -0.45 -0.96 -1.06 -0.90 -1.68 -1.79 -4.13
KOR -0.03 -0.05 -0.13 -0.15 -0.12 -0.23 -0.25 -1.58
OEC -0.10 -0.14 -0.28 -0.30 -0.27 -0.41 -0.45 2.47
USA -1.49 -1.76 -2.19 -2.25 -2.15 -2.41 -2.68 18.05
SAU -0.02 -0.03 -0.29 -0.32 -0.27 -0.45 -0.45 2.24
TUR -0.14 -0.18 -0.47 -0.51 -0.44 -0.66 -0.68 -1.50
ARG -0.25 -0.30 -0.68 -0.74 -0.64 -0.81 -0.86 -2.81
IDN -0.31 -0.38 -0.43 -0.44 -0.43 -0.44 -0.51 -5.24
. MEX -0.15 -0.18 -0.49 -0.53 -0.46 -0.59 -0.63 -6.18
Developing
OAS -0.29 -0.36 -0.57 -0.59 -0.55 -0.63 -0.69 -6.00
OPC -0.97 -1.16 -2.97 -3.02 -2.93 -3.78 -4.04 5.11
ROW -6.57 -7.84 -16.82 -17.29 -16.45 -21.11 -22.74 -82.89
Global -16.55 -19.86 -38.57 -40.23 -37.41 -48.82 -52.61 -115.76
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Changes in Real GDP by 2050 from the Baseline

Percentage Change in Real GDP from the Baseline m 2050
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Sectoral Changes by 2050 from the Baseline: Agriculture

Percentage Change in Output from the Baseline in 2050: Agriculture
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Policy Implications

A global economy-wide multisectoral one-health approach to AMR
= A one-health approach factoring environmental and socioeconomic interaction

= A global multisectoral economic approach

Global cooperation for AMR
= Transboundary nature of AMR
* Disparity in economic consequences of AMR

= Active involvement of global policy institutions

Preserving and expanding the existing stock of antimicrobials and preventing the
emergence and contagion of new diseases

Alleviating uncertainties for policymaking

= Sources: AMR evolution, Data & Sources, and Methods
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ADDITIONAL SLIDES

29



Changes in Consumption by 2050 from the Baseline

Percentage Change in Consumption from the Baseline in 2050
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Changes in Investment by 2050 from the Baseline

Percentage Change in Investment from the Baseline in 2050
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Changes in Imports by 2050 from the Baseline

Percentage Change in Imports from the Baseline in 2050
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Changes in Exports by 2050 from the Baseline

Percentage Change in Exports from the Baseline in 2050
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Sectoral Changes by 2050 from the Baseline: Energy

Percentage Change in Output from the Baseline in 2050: Energy
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Sectoral Changes by 2050 from the Baseline: Durable Manufacturing

Percentage Change in Output from the Baseline in 2050: Durable Manufacturing
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Sectoral Changes by 2050 from the Baseline: Non-durable Manufacturing

Percentage Change in Output from the Baseling in 2050: Non-durable Manufacturing
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Sectoral Changes by 2050 from the Baseline: Services

Percentage Change in Output from the Baseline in 2050; Services
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