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Resistant and multi-resistant bacteria are seriously affecting modern health care, and it is 

critically important to understand and control the increased resistance (Antimicrobial 

resistance: global report on surveillance, WHO, 2014). Escherichia coli (E. coli) is the most 

common pathogen in urinary tract infections and an increase of its antibacterial resistance is 

happening globally.

E. coli resistance compared to antibacterial sales

We investigate the antibacterial resistance of E. coli from patients with community acquired 

urinary tract infections in the Faroe Islands [1]. The resistance to 7 different antibiotics for n 

= 210 E. Coli isolates sampled in the Faroe Islands, 2009-2012, was modelled against the 

corresponding antibacterial mean-sales for 2008-2011. 

Increased antibacterial resistance in modern health care

Logistic modelling of antibacterial resistance

Fast-increasing antibiotic resistances

Modelling antibiotic resistances for Faroe Islands is complicated by the few (7) data points. 

Here, we include 5 data points from Denmark and 6 from Iceland to get 18 data points in 

total. Logistic regression on this group of data is again highly overdispersed (≈ 32), but we 

identify two subgroups of fast- and slow-increasing resistances, respectively.

Slow-increasing antibiotic resistances

Summary

• Logistic regression (quasibinomial) was used to investigate the resistance of E. coli 

against 7 different antibiotics in the Faroe Islands, Denmark and Iceland.

• Large overdispersion (≈ 30) was observed when the logistic regression was performed on 

all the original data. For the resistances R + I in the Faroe Islands we reduced the 

overdispersion by excluding Mecillinam and Co-amoxiclav and by iterating the sale for 

Ampicillin to find β1 = 3.24 (Std. Error = 0.226, P-value = 0.0007). 

• 17 resistances (R) from Denmark (4), Faroe Islands (7) and Iceland (6) were divided into 

a fast and slow antibiotics group to find β1 = 4.77 (Std. Error = 0.624, P-value = 0.002) 

and β1 = 0.26 (Std. Error = 0.020, P-value = 4e-7), respectively.

• Our results can potentially be used to predict and control the future increase in E. coli 

resistance with antibacterial sales. 
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Logistic modelling of increased antibacterial resistance with sales 

The resistance proportion bounded between 0 and 1 can be modelled by logistic regression.

The log odds of resistance Ri is modelled by one variable xi  representing sales and two 

parameters β0 and β1 for the intercept and slope, respectively:

log odds Ri = β0 + β1xi

The glm-function with family = quasibinomial is used to account for overdispersion, and the 

visreg-, ggplot2- and cowplot packages were used to visualize the results. 

Resistance in the Faroe Islands

• Overdisperion (≈ 32) when using all 7 data points was minimized (≈ 1, Figure 1) by 

excluding Mecillinam and Co-amoxiclav and by changing (iterating) from the high sale 

11.1 used for Ampicillin to 1.57, which is similar to the sale 1.55 of Amoxicillin.

• Excluding Ampicillin from Figure 1 leads to underdispersion (≈ 0.6) and β1 = 3.62 (Std. 

Error = 0.268, P-value = 0.005). 

• Excluding Ampicillin and replacing Sulphonamide and Nitrofurantoin with Mecillinam 

and Co-amoxiclav leads to strong underdispersion (≈ 0.02), β1 = 2.02 (Std. Error = 0.034, 

P-value = 0.0003). 

Figure 1 Logistic regression of 5 antibiotic resistance proportions in the Faroe Islands versus mean-

sales 2008-2011, Defined Daily Doses (DDDs) per 1,000 inhabitants per day. The plot A) is on the log 

odds scale and the plot B) is on the probability scale. Both resistant isolates R and intermediates I are 

included. We find β1 = 3.24 for slope (Std. Error = 0.226, P-value = 0.0007).

Figure 2 Logistic regression of 6 fast-increasing antibiotic resistance proportions R for 3 antibiotics 

(Ciprofloxacin, Nitrofurantoin and Sulphonamide) versus mean-sales 2008-2011. Overdispersion is 

moderate (≈ 2), and we find β1 = 4.77 (Std. Error = 0.624, P-value = 0.002). Sulphonamide in Denmark 

was excluded as an influential outlier. 

Figure 3 Logistic regression of slow-increasing antibiotic resistance proportions R for 4 antibiotics 

(Ampicillin, Co-amoxiclav, Gentamicin and Mecillinam) versus mean-sales 2008-2011. Overdispersion 

is again moderate (≈ 2), and we find β1 = 0.26 (Std. Error = 0.020, P-value = 4e-7). About 8 of these 11 

resistances are within the confidence limits of the logistic regression.

• The division into two subgroups accounts for about 14 of 18 resistances – 6 of 7 in the 

fast group (Ciprofloxacin, Nitrofurantoin and Sulphonamide) and 8 of 11 in the slow 

group (Ampicillin, Co-amoxiclav, Gentamicin and Mecillinam).

• These results in Figure 2 and 3 indicate that the large overdispersion using the original 

data was caused by the analysis of 7 different antibiotics with a mixture of two different 

responses – fast and slow – to antibacterial sales. 
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