
Convergence in Antimicrobial Use and 
Factors Influencing Resistance

Ramanan Laxminarayan









Global antibiotic consumption by country: 2000–2015. 
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The upper bar plots show the variability in per capita antibiotic use measured in defined daily doses for high-income countries (A) and low-income and middle-
income countries (B). The black line is the median, the colored bars are the quartiles, the whiskers are the extremes, and outliers are plotted as circles.
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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 
Togo



Carbapenem consumption in the hospital sector in selected European 
countries, 1997–2013
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Having antibiotics is not sufficient – they must be used
Penicillin is effective but not widely available
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The flu season is a key driver of antibiotic 
consumption



Influenza in the United States is nearly 
perfectly predicted by antibiotic sales data

Polgreen et al Inf Cont Hosp Epi, 2011







Antibiotic Use and Resistance
France

Netherlands

Goossens et al 2005



Antibiotic Use and Resistance

Sun et al, Clin Inf Dis. 2012



Seasonality of Prescribing Affects Resistance 
Rates

Ryu et al. (2018) Temporal 
relationship between antibiotic use 
and respiratory virus activities in the
Republic of Korea: a time-series  
analysis Antimicrobial Resistance and 
Infection Control 7:56 



Seasonality of Prescribing Not Associated with Viruses
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