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Modelling Societal Burden of AMU/AMR

Presenter: Chisoni Mumba, PhD



• AMR burden in humans has been covered to some extent
 Increased healthcare  costs,
Prolonged duration of hospita lization,
Death,
 Incidence (Poudel e t a l 202).

• We conducted a  systematic review in animal health
Little  data  available  other than increased costs of antimicrobials, 

reduced productivity, diagnostic tests, mortality

• Hence the need for assessing the burden by integrating:
 Animal Health Loss Envelop (AHLE) (Martins e t al., 2024).

 PALYs (modification of DALYs) (Salih e t al 2023)

Overview 
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• Metric to estimate  the  financial impact of AMU and AMR 
through 3 key parameters (Babo Martins e t a l., 2024).
Expenditure  in animal health due to AMU.
Production losses due to mortality arising from AMR.
Production losses due to morbidity arising from AMR.

• AMR is a  negative externality of AMU

Animal Health Loss Envelope (AHLE)
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Data needs & potential gaps
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• DALYs = Disability Adjusted Life  Years 
• A common measurement unit for 
morbidity and mortality

• Facilita tes comparisons of a ll types of 
health outcomes

 

What are DALYs
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• A DALY is a  health outcome measure  with two main 
components
Quality of life  reduced due to a  disability
Lifetime lost due to premature  mortality. 

• DALYs can be expressed as follows:
𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃 = 𝐘𝐘𝐘𝐘𝐘𝐘 + 𝐘𝐘𝐘𝐘𝐘𝐘

How are DALYs constructed?
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Modification of DALYS to 
Productivity Adjusted Life  Years 
Using a  Case of AMR-Mastitis in 

Commercial Dairy Farms 
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• We reconfigured 4 parameters from standard DALYs 
model:
Standard lifespan,
Disability weight,
Discounting,
Age weighting.

• Questionnaire  to capture  information on these context-
specific parameters

PALYs concept  for cat t le
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• We used WHO standard 
life  tables to calculate  life  
expectancy

• No. cows dying in each age 
of life  e .g. a t birth

• Obtain information by  
asking tota l no. animals lost 
in a  year & age at death

• Calibrate  on lx table
• Where x= age group, nx=no. cows a t agex, 

dx=death ra te  a t agex, lx-prob of survival a t 
agex, qx= probability of dying a t agex, Lx= 
midpoint survival, ex=life  expectancy a t agex

Standard lifespan (life expectancy)
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• Disability is inability to perform everyday tasks in a  way 
that is usual for cattle

• Disability weight is a  weight function that reflects severity 
of a  cattle  disease between 0 (perfect health) & 1 
(equivalent to death)

• Each disability condition is assigned a  number between 0 
& 1, depending on severity of disease

Disability weight  
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• Same discount function 
(exponentia l decay) used in the  
DALYs model for human 
population 

• But, change discount ra te  to be 
able  to obtain the same effect 
of discounting in the number of 
years of life  lost a t a  different 
time in the future

𝐺𝐺 𝑥𝑥 = 𝑒𝑒−𝑟𝑟𝑟𝑟
• Where: G(x) is a  continuous discounting 

function at any age x and r>0 is the 
discount rate .

Discounting
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• We value years of life  lived during productive ages reason 
being based on economic and social value

• The preference for productive ages can be expressed 
mathematically as

𝑹𝑹 𝒙𝒙 = 𝜷𝜷𝟏𝟏𝒙𝒙𝒆𝒆−𝜷𝜷𝟐𝟐𝒙𝒙
𝟐𝟐

• Where 𝑥𝑥 is the  age of the  cattle , while  𝛽𝛽1 and 𝛽𝛽2 are  
parameters of the  age-weighting function 

Age weighting
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• β1 determines the importance 
of age-weights

• β2 is an adjustment constant, 
chosen so that the  introduction 
of age-weights does not a lter 
the  tota l number of years of 
life  lost

• The value of β1 = 0.2332 and β2 
= 0.01 used in the PALY 
calculation

• Data based on questionnaires

Age weighting…

29/ 8/ 25 Virtual Presenta t ion Made a t  AMR CoP ECHO session 14



Calculation of PALYs for Cattle  using 3 
scenarios 

1. Basic formula, 
2. PALYS with discounting

3. PALYs with both Age weighting and 
Discounting
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• Key
• Ni = No. cows with Mastitis
• Nd =No. death due Mastitis
• L = Standard life  

expectancy at age of death
• Dw = Severity of disease
• i = Duration of the  disease

• 𝐘𝐘𝐘𝐘𝐘𝐘𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜 = 𝑁𝑁𝑖𝑖  ×  𝐷𝐷𝑤𝑤  ×
I

• 𝐘𝐘𝐘𝐘𝐘𝐘𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜 =  𝑁𝑁𝑑𝑑 × 𝐿𝐿

• Where;
• (YLDs) yea rs of life lived 

with Mastitis (AMR)
• (YLLs) yea r of life lost 

due prema ture 
morta lity- Mastitis 
(AMR)

1. Basic Formula for PALYs
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• Key to PALYs formula
• Ni - the  number of cows 

with ECF in each group.
• r -  discount ra te
• Nd -  No. death in cattle  due 

to AMR Mastitis.
• L - standard life  expectancy 

at age of death.
• Dw - disability weight.
• I - duration of the  disease.

• Derive the  formula  for YLD by 
multiplying the  basic YLD formula  
with the  discounting function

• 𝒀𝒀𝒀𝒀𝒀𝒀 = 𝑵𝑵𝒊𝒊𝑫𝑫𝒘𝒘 𝟏𝟏−𝒆𝒆−𝒓𝒓𝒓𝒓

𝒓𝒓

• Replace the  average duration (I) by 
standard life  expectancy a t the  age 
of death (L) to get YLL 

• 𝒀𝒀𝒀𝒀𝒀𝒀 = 𝑵𝑵𝒅𝒅 𝟏𝟏−𝒆𝒆−𝒓𝒓𝒓𝒓

𝒓𝒓

2. PALYs with Discounting
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• 𝒀𝒀𝒀𝒀𝒀𝒀 = 𝑵𝑵𝒊𝒊 𝑫𝑫𝒘𝒘 𝜷𝜷𝟏𝟏 𝒆𝒆𝒂𝒂𝒊𝒊𝒓𝒓 �

�

𝝅𝝅𝒓𝒓𝒆𝒆
𝒓𝒓𝟐𝟐

𝟒𝟒𝜷𝜷𝟐𝟐
𝒆𝒆𝒆𝒆𝒆𝒆 𝟐𝟐𝜷𝜷𝟐𝟐 𝒂𝒂𝒊𝒊+𝑰𝑰 +𝒓𝒓 +𝒆𝒆𝒆𝒆𝒆𝒆 𝟐𝟐𝜷𝜷𝟐𝟐𝒂𝒂𝒊𝒊+𝒓𝒓

𝟐𝟐 𝜷𝜷𝟐𝟐

𝟒𝟒 𝜷𝜷𝟐𝟐
𝟑𝟑

+

−𝒆𝒆− 𝒂𝒂𝒊𝒊+𝑰𝑰 𝜷𝜷𝟐𝟐 𝒂𝒂𝒊𝒊+𝑰𝑰 +𝒓𝒓 +𝒆𝒆−𝒂𝒂𝒊𝒊 𝜷𝜷𝟐𝟐𝒂𝒂𝒊𝒊+𝒓𝒓

𝟐𝟐𝜷𝜷𝟐𝟐

• Where: 𝑁𝑁𝑖𝑖 = No. incident cases, 𝐷𝐷𝑤𝑤 = disability weight, I = duration of AMR 
Mastitis, r =discount ra te , 𝑎𝑎𝑖𝑖 =age of onset, erf =error function, 𝛽𝛽1 & 𝛽𝛽2 a re  
0.2332 and 0.01 respectively

3. YLD With Age-weighting & Discounting
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• Replace duration of disease  I with standard life  
expectancy (L), age of onset 𝑎𝑎𝑖𝑖  with the age of death 𝑎𝑎𝑑𝑑

• 𝒀𝒀𝒀𝒀𝒀𝒀 = 𝑁𝑁𝑑𝑑𝛽𝛽1 𝑒𝑒𝑎𝑎𝑑𝑑𝑟𝑟 �

�

𝜋𝜋𝑟𝑟𝑒𝑒
𝑟𝑟2

4𝛽𝛽2
𝑒𝑒𝑒𝑒𝑒𝑒 2𝛽𝛽2 𝑎𝑎𝑑𝑑+𝐿𝐿 +𝑟𝑟 +𝑒𝑒𝑒𝑒𝑒𝑒 2𝛽𝛽2𝑎𝑎𝑑𝑑+𝑟𝑟

2 𝛽𝛽2

4 𝛽𝛽23
+

−𝑒𝑒− 𝑎𝑎𝑑𝑑+𝐿𝐿 𝛽𝛽2 𝑎𝑎𝑑𝑑+𝐿𝐿 +𝑟𝑟 +𝑒𝑒−𝑎𝑎𝑑𝑑 𝛽𝛽2𝑎𝑎𝑑𝑑+𝑟𝑟

2𝛽𝛽2

3. YLL with Age-weighting & Discounting
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Report ing Result s  of PALYs and 
AHLEs

29/ 8/ 25 Virtual Presenta t ion Made a t  AMR CoP ECHO session 20



Reporting Results of PALYs
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• We will have 3 categories of PALYs and compare
PALYs without AMR-Resistant Mastitis
PALYs with AMR-Resistant Mastitis

• Simulate  PALYs with mitigation e .g. AM stewardship
• AHLE will be  presented in monetary terms (financial cost 

analysis)
Compare cost of AMU without AMR-Mastitis & with AMR-Mastitis

Summarizing results
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Scan this code to 
save my contact 
details instantly

Thank you for Listening
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