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Introduction Antibiotic resistance peaks in the winter or spring Seasonal resistance is most strongly correlated 

with use of winter-peaking antibiotics

Methods

Antibiotic use is seasonal with varied peaks

Conclusion

Acknowledgements

We compared outpatient antibiotic use data for Boston, MA residents obtained from 

the Massachusetts All Payers Claims Database (2011-2015) [1] to resistance data 

obtained from two major Boston-area hospitals from 2007-2019 for 131,815 E. coli, 

47,208 S. aureus, and 27,237 K. pneumoniae isolates. We determined the amplitude 

and phase of seasonality in use and resistance by fitting these data to the following 

sinusoidal models with a fixed 6- or 12-month period [2]. 

Understanding the relationship between 

antibiotic use and resistance is critical for 

informing effective stewardship strategies 

to reduce the growing burden of antibiotic 

resistance. However, how this relationship 

varies across diverse pathogens and 

antibiotics remains unclear. 

Here, we leverage existing seasonal 

variations in antibiotic use to evaluate the 

seasonal relationship between use and 

resistance across 5 antibiotic classes and 3 

species in Boston, Massachusetts.
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Figure 1. Outpatient antibiotic prescribing 

rates in Boston, MA from 2011 to 2015.

Figure 4. Spearman’s rank correlations calculated between the monthly mean seasonal deviates 

in use and resistance for all cognate and non-cognate pairs of use classes and target antibiotics. 

Error bars indicate the 95% confidence intervals. 

Figure 2. Sinusoidal model fits for antibiotic use 

by class. Points indicate the monthly mean 

seasonal deviates in use. Shaded regions 

indicate the 95% CI on the amplitude.

Resistance in 10 of 15 species-antibiotic combinations showed a significant amplitude of 

seasonality after Benjamini-Hochberg correction (indicated by asterisks in Fig. 3). In all 10 

combinations, resistance almost always peaked in the winter to early spring, despite varied 

patterns of use across antibiotic classes. 
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Figure 3. Sinusoidal model fits for seasonal 

antibiotic use (dashed grey lines) and 

resistance (solid colored lines). Points 

indicate the monthly mean seasonal 

deviates in resistance. Shaded regions 

indicate the 95% confidence intervals on the 

amplitude. Asterisks indicate that the p-

value of the amplitude is < 0.05 after 

Benjamini-Hochberg correction.

The association between seasonal antibiotic use and resistance varied widely across 

species-antibiotic combinations. While antibiotic use peaked at different times of the 

year, resistance always peaked in the winter to spring and was most strongly 

correlated with seasonal use of penicillins and macrolides. This finding suggests that 

stewardship strategies will not be equally effective across all species and antibiotics 

and underscores the need to broaden our understanding of the use-resistance 

relationship and identify factors that influence its strength.

Resistance to every antibiotic, regardless of class, in all three species was most 

positively correlated with use of winter-peaking classes, penicillins and macrolides.

Use of all 5 antibiotic 

classes showed significant 

amplitudes of seasonality 

after Benjamini-Hochberg 

correction. Use of each 

class peaked at different 

times during the year.

Use model: 𝑎𝑖 ~ 𝐴𝑢𝑠𝑒 cos 𝜔 𝑡𝑖 − 𝑃𝑢𝑠𝑒 + 𝐵𝑦 𝑖 𝑡𝑖 + 𝐶𝑦 𝑖 (1)

Resistance model: 𝑦𝑖 ~ 𝐴𝑀𝐼𝐶 cos 𝜔 𝑡𝑖 − 𝑃𝑀𝐼𝐶 + 𝐵ℎ 𝑖 𝑡𝑖 + 𝐶ℎ 𝑖 (2)

where 𝑎𝑖 is the reported claims/1000 people during month 𝑡𝑖, 𝑦𝑖 is the log2-transformed MIC and 𝑡𝑖 is the month of 

collection of the 𝑖𝑡ℎ isolate, 𝐴𝑢𝑠𝑒 and 𝐴𝑀𝐼𝐶 are the amplitudes of seasonality, 𝜔 is the frequency of seasonality where 

𝜔 =
2𝜋

𝑝𝑒𝑟𝑖𝑜𝑑
, 𝑃𝑢𝑠𝑒 and 𝑃𝑀𝐼𝐶 are the phases of seasonality, 𝐵𝑦 𝑖 and 𝐶𝑦 𝑖 are the within-year slope and intercept terms

for use, and 𝐵ℎ 𝑖 and 𝐶ℎ 𝑖 are the within hospital/year slope and intercept terms for resistance.


