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Controlling Antibiotic Usage 



Taxation of Pollutants?
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Landfill taxPesticide tax

Bans are all or nothing, do not 

allow for flexibility and can not 

generate revenue
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Expand on 

exploratory work to 

consider non-linear 

dynamics of AMR!

1. Transmission of Infectious Agents 

among livestock

2. Interactions Between Multiple Drugs

3. Birth/Death Dynamics of Livestock

Can we apply taxation to control antibiotic resistance?

Department of Environmental Systems Science

Prof. Thomas Van Boeckel
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Mathematical Model of Antimicrobial Resistance

Transmission Treatment Failure

Example pathway for the generation of a R123 infection

S WT R1 R12 R123

Infection Treatment Failure 

with Class 1 

Antibiotic

Treatment Failure 

with Class 2 

Antibiotic

Treatment Failure 

with Class 3 

Antibiotic
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Key Assumptions of Antibiotic 

Usage

Antibiotic Usage has two effects… 

1) Success! - Increased rate of 

recovery back to susceptibility 

2) Failure! - A probability of 

treatment failure, resulting in 

gain of resistance

Three antibiotics modelled:

Proportion of the population using 

the antibiotic 1, 2 or 3 (1, 2, 3)

Mathematical Model of Antimicrobial Resistance



Price Elasticities: How to model taxation?
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Price elasticity of demand

How sensitive is the quantity 
demanded to the change in 
price?

Cross price elasticity of 
demand

How sensitive is the quantity 
demanded to the change in 
price of another good?

Elastic

(-2)

Inelastic

(-1)PED

Subsitute

(-1)

Complementary

(1)CPED



Price Elasticities: How to model taxation?
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𝑃𝐸𝐷 =
−1.5 1 0.5
0.5 −1.25 0.75
0.25 0.5 −1

Antibiotic 1 Antibiotic 2 Antibiotic 3

Antibiotic 1

Antibiotic 2

Antibiotic 3

Taxing antibiotic classes will drive down usage of taxed class and 

drive up usage of non taxed classes

Importance

Importance

Frontline Reserve Last Line

Frontline

Reserve 

Last Line 



1. What is the most effective 

taxation strategy? How does 

this compare to bans?

Effect on…

1. Resistance

2. Average Number of Effective
Antibiotics?

Department of Environmental Systems Science



Flat Taxation 

How to evaluate the effectiveness of taxation?
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𝛽 = 0.01, 1
… = … ,…

𝜆 = 0.005 0.05

Single Taxation Differential Taxation 

Bans on Usage

Step 1
Step 2

Step 3



Taxation may be as effective as bans to reduce resistance
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More 

Intervention 

Failure

Less 

Intervention 

Failure



What is intervention failure? 
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Resistance

Antibiotic Usage



Taxation may be better than bans to ensure the average availability
of antibiotics…
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1. To alterations in PED?

2. To the threshold for what is an effective antibotics?

3. To intensity of taxation?

4. To the number of antibiotics modelled?

2. Are these trends robust?

Department of Environmental Systems Science
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3. How much revenue could

we make from taxation?

Need information on total revenue 

from livestock antibiotics

1.Price of antibiotics

2.Total Sales of Antibiotics

Department of Environmental Systems Science
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Step 1

Separate World 

into HIC vs 

LMIC

Step 2

Identify

Resistance and 

Price for US 

(HIC) and 

China (LMIC)
𝑃𝐸𝐷 =

−1.5 1 0.5
0.5 −1.25 0.75
0.25 0.5 −1

Cheng Zhao
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Step 3

Identify Antibiotic 

Sales Data for all 

HICs and LMICs 

Step 4

Find the Total 

Revenue for 3 

antibiotic 

identities for 

LMICs and HICs

e.g. HIC Revenue for Antibiotic Group 1 = 

Total Antibiotic Sales Group 1(HIC) x Average Price of Group 1 Antibiotics (US)

e.g. LMIC Revenue for Antibiotic Group 1 = 

Total Antibiotic Sales Group 1 (LMIC) x Average Price of Group 1 Antibiotics (China)

Ranya Mulchandani
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For 50% Taxation…

Global Revenue from

Taxation = $1.1 Billion

($0.61 and $1.52)

Revenue from LMICs = $50 

Million (79.6% Sales)

Revenue from HICs = $1.06 

Billion (20.4% Sales)

What is the revenue generated from taxation?

~1 Billion USD to develop new antibiotic



Wrapping Up…

1. What is the most effective taxation strategy? How does this compare to bans?

Bans, but taxation is very similar in efficacy (in particular differential taxes)

(additional benefits to intervention failure and average number of effective antibiotics)

2. Are these trends robust?

More or less robust to changes in model assumptions

(apart from alterations to PEDs and thresholds for effective antibiotics)

3. How much revenue could we make from taxation?

Approximately $1 Billion USD ($0.61 and $1.52)
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1. What other benefits does taxation have?

2. What about permit trading? 

3. Is is equitable that we tax LMICs at the 

same level as HICs?

4. Is it equitable that HIC contribute more to 

global pool of $, despite using less?

Questions…
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