
ECOFFs: 

 

Methods for Their Estimation 



Definition 

• An epidemiological cutoff value is the MIC (or other 

similar quantitative measure of bug-drug interaction) 

that has the highest probability of distinguishing the 

wild-type population from the non-wild-type 

population 



Basic Assumptions 

• ECOFFs are a feature of a single species 

– they cannot be applied or extrapolated to a genus or 

other larger grouping 

 

• ECOFFs are “the same everywhere” 

– they do not change over time or vary geographically 

 



Data Requirements 
• The MICs must have been measured with a 

reference method 

– ISO 20776-1 in the case of bacteria 

– ISO 16256 in the case of yeasts 

– Other reference methods as they are developed and 
agreed upon internationally 

 



Data Requirements 
• All the MICs should, as far as is feasible, 

be on-scale 

– a small proportion of wild-type population values  
could be included as “≤“  

• ideally it should be <5%, although it is possible to provide a 
reasonable estimate of ECOFFs if the mode is not also the 
lowest concentration tested 

– “>” and “≥” values are acceptable in the data set 
provided they are clearly separated from the wild-type 
population 



Data Pooling 

• Because there is known variation between 

laboratories, as well as within laboratories, data 

from several laboratories are required for estimation 

of ECOFFs to ensure variation is accounted for 

• The predictive power of ECOFFs increases as the 

number of laboratories increases 

– a working rule at the present is a minimum of 3 labs 

preferably with at least 35 presumptive wild-type values 

although a total of ≥100 overall is usually satisfactory 



Issues with Pooling 



Issues with Pooling 



Estimation Methods 

• The “eyeball” method (Kahlmeter) 

• The 95% rule (Pfaller) 

• The Normalised Resistance Interpretation (Kronvall) 

• The iterative statistical method (Turnidge) 

• Multimodal analysis (Meletiadis) 

• Cluster analysis (Cantón) 



The “Eyeball” Method 



The “Eyeball” Method 



The “Eyeball” Method 

• Issues 

– Not necessarily reproducible between observers 

– No “objective” way of describing the selection 



The 95% Rule 

• Pfaller et al., J Clin Microbiol 2009 



The 95% Rule 

• Issues 

– Not clear direction about what should be done when a 

significant number of isolates in the population (i.e. 

>5%) are above wild-type 



The Normalized Resistance Interpretation 

• Uses an adaptation of a method originally devised for 
“ECOFFs” for zone diameter distributions 
– Kronvall et al., Clin Micro Infect 2003 



The Normalized Resistance Interpretation 



The Normalized Resistance Interpretation 
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The Normalized Resistance Interpretation 

• Issues 

– Requires the introduction of a ‘helper variable’ (dummy 

data) into the observed data to work on MIC values in 

the two-fold dilution (log2) scale. 



Iterative Statistical Method 



Iterative Statistical Method 

Recalculate (log2) 

mean and SD for 

each subset 

above the 

(left-hand) mode 



Iterative Statistical Method - COFinder 
Step 1. Population Data FLUC All

MIC Log2MIC Raw Count Cum. Count Fitted

0.001 -10 0 0.0 Modal MIC 4

0.002 -9 0 0.0 Log2MIC Mode 2

0.004 -8 0 0.0 Max Log2MIC 7

0.008 -7 0 0.0
0.016 -6 0 0.0 Selected Log2 Mean 1.6667 =3.17

0.03 -5 0 0.0 Selected Log2 SD 1.1145
0.06 -4 0 0.0

0.125 -3 0 0.0
0.25 -2 2 2 0.5

0.5 -1 24 26 7.5
1 0 64 90 56.5
2 1 151 241 198.7
4 2 357 598 328.2
8 3 258 856 255.3

16 4 68 924 93.5
32 5 40 964 16.0

64 6 8 972 1.3 %>

128 7 3 975 0.0 COWT 95% 16 5.2%
256 8 975 #N/A COWT 97.5% 16 5.2%

512 9 975 #N/A COWT 99% 32 1.1%

1024 10 975 #N/A COWT 99.9% 64 0.3%
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Data from 10 laboratories 

Step 1. Population Data FLUC All

MIC Log2MIC Raw Count Cum. Count Fitted

0.001 -10 0 0.0 Modal MIC 4

0.002 -9 0 0.0 Log2MIC Mode 2

0.004 -8 0 0.0 Max Log2MIC 7

0.008 -7 0 0.0
0.016 -6 0 0.0 Selected Log2 Mean 1.6667 =3.17

0.03 -5 0 0.0 Selected Log2 SD 1.1145
0.06 -4 0 0.0

0.125 -3 0 0.0
0.25 -2 2 2 0.5

0.5 -1 24 26 7.5
1 0 64 90 56.5
2 1 151 241 198.7
4 2 357 598 328.2
8 3 258 856 255.3

16 4 68 924 93.5
32 5 40 964 16.0

64 6 8 972 1.3 %>

128 7 3 975 0.0 COWT 95% 16 5.2%
256 8 975 #N/A COWT 97.5% 16 5.2%

512 9 975 #N/A COWT 99% 32 1.1%

1024 10 975 #N/A COWT 99.9% 64 0.3%
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Iterative Statistical Method - MicDat 
MAIN Trimethoprim (S. agalactiae)

Auto User

Mean -2.0000 -2.1281

Sd 0.7420 0.5502

Ntot 126 123

From 7 7

To 9 11

Ndata 19

Mode 8

SoSq 36

Nit 10

No MIC pMIC Nobs Ncum Npre Sq
1 0.00195313 -9.0 0 0 0

2 0.00390625 -8.0 0 0 0

3 0.0078125 -7.0 0 0 0

4 0.015625 -6.0 0 0 0

5 0.03125 -5.0 0 0 0

6 0.0625 -4.0 0 0 0

7 0.125 -3.0 5 5 7 4

8 0.25 -2.0 69 74 73 1

9 0.5 -1.0 42 116 121 21

10 1 0.0 8 124 123 1

11 2 1.0 2 126 123 9

12 4 2.0 126 123 9

13 8 3.0 126 123 9

14 16 4.0 126 123 9

15 32 5.0 126 123 9

16 64 6.0 126 123 9

17 128 7.0 126 123 9

18 256 8.0 126 123 9

19 512 9.0 126 123 9

0

32

Dataset From To pMIC Mean Sd Nest Nobs Ndif Set 1 2 3 4

1 7 11 1 -2.1281 0.5502 123 126 2.950851 CUT-lo (%) 5.0 2.5 1.0 0.1

2 7 12 2 -2.1218 0.5626 124 126 2.080609 CUT-hi (%) 95.0 97.5 99.0 99.9

3 7 13 3 -2.1181 0.5697 124 126 1.599968 MIC-lo 0.063 0.063 0.063 0.063

4 7 14 4 -2.1158 0.5743 125 126 1.297617 MIC-hi 0.500 0.500 1.000 1.000

5 7 15 5 -2.1141 0.5775 125 126 1.090579 P-lo (%) 0.0334 0.0334 0.0334 0.0334

6 7 16 6 -2.1129 0.5799 125 126 0.940163 P-hi (%) 2.0162 2.0162 0.0055 0.0055
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Iterative Statistical Method 

• Issues 

– Works well on bi- and tri-modal populations, but 

struggles when wild-type is 5% or less (uncommon!) 



Multimodal Analysis 



Multimodal Analysis 



Multimodal Analysis 

• Issues 

– Requires enrichment of the non-wild-type population to 

work properly 



Cluster Analysis 



Cluster Analysis 



Cluster Analysis 



Cluster Analysis 

• Issues 

– Assumes that the wild-type population is a true mixture 

of sub-populations, rather than assay variation 

– Could be re-interpreted as site-to-site mixture 



Limitations 
• Little work has been done to ‘validate’ the ECOFFs 

with molecular analyses (e.g. resistance gene 
detection) 

– Meletiadis et al. AAC 2012 

– Pfaller et al. Drug Resist Updates  2011 

– AFST and AST Agenda papers! 

• The 2-fold dilution scale that we use for MIC 
measurements, while the simplest of the integer log 
scales, is in reality TOO COURSE, limiting the 
predictive power of estimations 



Limitations 
• It remains unclear whether the wild-type populations 

of MICs are due to true biological variation, only 

assay variation, or a combination of both 

– if it’s just assay variation then all we need is a QC study! 

• When pooling data for analysis, should data be 

weighted? 

– Weighting by “n” can change results 

• Is it possible to identify  ‘statistical outlier’ labs 

– Outlier strategy for QC studies doesn’t seem to work? 



Data Pooling – Weighted vs Unweighted 

• 9 laboratories – 77% from one laboratory - unweighted 

Step 1. Population Data

MIC Log2MIC Raw Count Cum. Count Fitted

0.001 -10 0 0.0 Modal MIC 0.0156

0.002 -9 0 2.1 Log2MIC Mode -6

0.004 -8 0 100.3 Max Log2MIC 6

0.008 -7 976 976 1273.6
0.016 -6 5197 6173 4382.9 Selected Log2 Mean -6.036 =0.02

0.03 -5 3365 9538 4186.7 Selected Log2 SD 0.8331
0.06 -4 1230 10768 1108.9

0.125 -3 259 11027 79.4
0.25 -2 132 11159 1.5

0.5 -1 55 11214 0.0
1 0 13 11227 0.0
2 1 3 11230 0.0
4 2 1 11231 0.0
8 3 7 11238 0.0

16 4 2 11240 0.0
32 5 0 11240 0.0

64 6 1 11241 0.0 %>

128 7 11241 #N/A COWT 95.0% 0.0625 4.2%
256 8 11241 #N/A COWT 97.5% 0.0625 4.2%

512 9 11241 #N/A COWT 99.0% 0.0625 4.2%

1024 10 11241 #N/A COWT 99.9% 0.125 1.9%
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Data Pooling – Weighted vs Unwweighted 

• 9 laboratories – 77% from one laboratory - weighted 

Step 1. Population Data

MIC Log2MIC Raw Count Cum. Count Fitted

0.001 -10 0 0.0 Modal MIC 0.0156

0.002 -9 0 0.0 Log2MIC Mode -6

0.004 -8 0 0.0 Max Log2MIC 6

0.008 -7 28.00636365 28.00636365 28.0
0.016 -6 429.0781349 457.0844986 429.1 Selected Log2 Mean -6.166 =0.01

0.03 -5 255.2847671 712.3692657 255.3 Selected Log2 SD 0.4733
0.06 -4 107.8577203 820.226986 4.9

0.125 -3 27.6833742 847.9103602 0.0
0.25 -2 14.6173611 862.5277213 0.0

0.5 -1 20.28967626 882.8173976 0.0
1 0 9.729328132 892.5467257 0.0
2 1 0.566441748 893.1131675 0.0
4 2 0.331125828 893.4442933 0.0
8 3 2.210468613 895.6547619 0.0

16 4 3.75 899.4047619 0.0
32 5 0 899.4047619 0.0

64 6 0.595238095 900 0.0 %>

128 7 900 #N/A COWT 95.0% 0.0313 20.8%
256 8 900 #N/A COWT 97.5% 0.0313 20.8%

512 9 900 #N/A COWT 99.0% 0.0313 20.8%

1024 10 900 #N/A COWT 99.9% 0.0625 8.9%
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Important Questions 

• If ECOFFs are to be used for interpretation of 

susceptibility testing results: 

– should they be reported to the clinician? 

– if so, how? 

 

• Suggestion – report as “N” = “Non-wild-type” with a 

comment/footnote” 

– *N = non-wild-type 


