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Resistance rates are determined by

• Infection prevention (IPC or vaccines)

• Use of antibiotics in humans and animals







Rising incomes drive antibiotic consumption

Source: Based on data obtained under license from IMS Health MIDAS ™ (January 2005 -December 2010);  IMS 

Health Incorporated. All Rights Reserved. 
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Antibiotic use per capita by income in selected countries, 2010

Source: Van Boeckel et al. 2014 (based on IMS MIDAS) and World Bank 2015



Per capita antibiotic consumption 2010*, by country

Source: Van Boeckel et al. 2015 (adapted; based on IMS MIDAS)

*Data for Costa Rica, El Salvador, Guatemala, Honduras, Nicaragua and Panama were available only  as a group classified as Central America. Similarly , data for Benin, Burkina Faso, 

Cameroon, Côte d’Ivoire, Gabon, Guinea, Mali, Republic of the Congo, Senegal, and Togo were grouped and classified as French West Africa. The data for these countries represent the 

estimates for the corresponding regional groupings they  belong to. For countries that did not have data available for 2000, the values for the earliest years for which data were available 

after 2000 were used to calculate the percentage changes. These countries and initial years are Algeria (2002), Bangladesh (2007), Croatia (2005), Netherlands (2005), and Vietnam 

(2005).



Percentage change in antibiotic consumption per capita 2000–2010*, by 
country

Source: Van Boeckel et al. 2015 (adapted; based on IMS MIDAS)

*Data for Costa Rica, El Salvador, Guatemala, Honduras, Nicaragua and Panama were available only  as a group classified as Central America. Similarly , data for Benin, Burkina Faso, 

Cameroon, Côte d’Ivoire, Gabon, Guinea, Mali, Republic of the Congo, Senegal, and Togo were grouped and classified as French West Africa. The data for these countries represent the 

estimates for the corresponding regional groupings they  belong to. For countries that did not have data available for 2000, the values for the earliest years for which data were available 

after 2000 were used to calculate the percentage changes. These countries and initial years are Algeria (2002), Bangladesh (2007), Croatia (2005), Netherlands (2005), and Vietnam 

(2005).



Percentage change in antibiotic consumption per capita 2000–2010*, by 
country

Source: Van Boeckel et al. 2015 (adapted; based on IMS MIDAS)

*Data for Costa Rica, El Salvador, Guatemala, Honduras, Nicaragua and Panama were available only  as a group classified as Central America. Similarly , data for Benin, Burkina Faso, 

Cameroon, Côte d’Ivoire, Gabon, Guinea, Mali, Republic of the Congo, Senegal, and Togo were grouped and classified as French West Africa. The data for these countries represent the 

estimates for the corresponding regional groupings they  belong to. For countries that did not have data available for 2000, the values for the earliest years for which data were available 

after 2000 were used to calculate the percentage changes. These countries and initial years are Algeria (2002), Bangladesh (2007), Croatia (2005), Netherlands (2005), and Vietnam 

(2005).

Consumption increased substantially in Australia (from 25 in 2000 to 87 units per 

person in 2010) and New Zealand (from 26 in 2000 to 70 units per person in 

2010)



Total antibiotic consumption in selected countries, 2000 and 2010

Van Boeckel et al. 2014 (based on IMS MIDAS)



Carbapenem retail sales in selected countries, 2005–2010 
(per 1,000 population)

Source: Laxminarayan et al. 2013 (based on IMS MIDAS)

*An IMS grouping of Benin, Burkina Faso, Cameroon, Côte d’Ivoire, Gabon, Guinea, Mali, Republic of the Congo, Senegal, and To go



Use of cephalosporins and broad spectrum penicillins is rising in India:



Faropenem consumption has increased by 154% since it was 
approved for use in India in 2010

Gandra et al, Clin Inf Dis, 2016



Carbapenem consumption in the hospital sector in selected European 

countries, 1997–2013

ESAC-Net 2015



Non-prescription use of antimicrobials is common

Morgan et al, Lancet ID, 2011



Van Boeckel et al, Lancet Inf Dis, 2014

The flu season is a key driver of antibiotic 
consumption – when people can afford antibiotics



Hospital use of carbapenems is rapidly growing
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Source: Based on data obtained under license from IMS Health MIDAS ™ (January 1999-December 2010);  IMS 

Health Incorporated. All Rights Reserved. 



Drivers of antibiotic use relate to incentives and behavior of patients, 
physicians, pharma, payers and healthcare institutions.



Incentives for Physicians

• Satisfying patient expectations



Dosh, J 

Fam Pr 1999



Decision fatigue increases inappropriate prescribing

Linder et al, JAMA IM, 2014

Relative to the first hour of a 

session, the adjusted odds 

ratios of antibiotic prescribing 

in the fourth hour was 1.26 

(95% CI, 1.13–1.41)



Hospital Incentives

•Antibiotics are a substitute 
for infection control

• Infection control is often 
not compensated



Compared with absence of complications, complications were 
associated with a $39 017 higher contribution margin per patient with 
private insurance ($55 953 vs $16 936) and a $1749 higher contribution 
margin per patient with Medicare ($3629 vs $1880).



China

• A study of 230,800 outpatient prescriptions in 28 Chinese cities found 
that 

• nearly half the prescriptions written between 2007 and 2009 were for 
antibiotics

• ten percent were for two or more antibiotics

Li, Yongbin, Jing Xu, Fang Wang, Bin Wang, Liqun Liu, Wanli Hou, Hong Fan,

Yeqing Tong, Juan Zhang, Zuxun Lu, 2012. Overprescribing in China, Driven by

Financial Incentives, Results in Very High Use of Antibiotics, Injections, and

Corticosteroids. Health Affairs 31(5), 1075-1082.



Currie, Lin, Meng (2014)

• Baseline (no expectations) Patient A did not ask for an antibiotic

• Patient B directly asked the doctor for an antibiotic prescription to be 
filled at the pharmacy 

• Patient C asked for a prescription (not specifically antibiotics) but 
indicated that he/she would buy any drugs prescribed in another 
pharmacy 

• Patient D both asked specifically for antibiotics and indicated that 
he/she would buy any drugs prescribed elsewhere



Currie, Lin, Meng (2014)

• Baseline (no expectations) Patient A did not ask for an antibiotic (55% 
prescribed)

• Patient B directly asked the doctor for an antibiotic prescription to be 
filled at the pharmacy (88%)

• Patient C asked for a prescription (not specifically antibiotics) but 
indicated that he/she would buy any drugs prescribed in another 
pharmacy (12%)

• Patient D both asked specifically for antibiotics and indicated that 
he/she would buy any drugs prescribed elsewhere (16%)



Health insurance increases prescribing



Health insurance increases prescribing





What happens when antibiotics are provided 
free?

Overall increase in antibiotic prescriptions as well as substitutions to 
covered antibiotics from not-covered antibiotics. 

Li and Laxminarayan, Health Economics, 2013



What happens when antibiotics are provided 
free?

Overall increase in antibiotic prescriptions as well as substitutions to 
covered antibiotics from not-covered antibiotics. 

Li and Laxminarayan, Health Economics, 2013



Antibiotic use in animal sector is increasing globally in response to the 
tremendous growth in demand for animal protein



Antibiotic use for growth promotion and disease 
prevention



2/3rds of the tonnage of antibiotics sold worldwide 
are used in agriculture



Demand for poultry in India and China is set to increase two to seven 
fold between 2000 and 2030

FAO, 2011







• Total consumption in China 

- 92700 tons in 2013,

• 54000 tons of antibiotics 

excreted by human and 

animals - much of this 

entered into the receiving 

environment following 

various wastewater 

treatments into 58 river 

basins of China

Zhang et al, Env Sci Tech, 2015 



High-capacity quantitative PCR arrays detected 149 

unique resistance genes among all of the farm 

samples, the top 63 ARGs being enriched 192-fold 

(median) up to 28,000-fold (maximum) compared 

with their respective antibiotic-free manure or soil 

controls.



Antibiotic consumption in livestock, top ten countries 2010–2030 (projected 
for 2030)

Van Boeckel et al., PNAS, 2015



Laxminarayan et al, OECD Report, 2015



Productivity reductions and costs per produced pig incurred by 
removing AGPs 

Laxminarayan et al, OECD Report, 2015



Were first line antibiotics too inexpensive?

Source: WHO Policy Perspective 2005,  adapted from WHO Model Formulary, WHO Clinical Guidelines and 

Management Sciences for Health’s 2004 International Drug Price Indicator Guide (slide courtesy: David 
Heymann)



The rich pay with their wallets, the poor with their lives

Developed world cost per course of therapy
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Supplier

Pfizer

GSK

Ortho-McNeill

Bayer

Roche

Pfizer

Roche

GSK

IDA

Eli Lilly

Oscient

v arious

Branded product only

Generic product av ailable

Price/full course of therapy

Notes: *Chloramphenicol is not available in developed world—price is therefore estimated. †Ceftriaxone and 
ciprofloxacin may be available in some tertiary settings in developing world.
Source: The Medical Letter (2006), Disease control priorities in developing countries, Lancet (2006), Expert 
interviews.
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Resistancemap.org



Slides are downloadable @ 
www.cddep.org

Thank you


