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SUMMARY The characterization of wild-type minimum inhibitory concentration (MIC)
and zone diameter distributions with the setting of epidemiological cut-off values
(ECOFFs or ECVs) provides a reference for the otherwise relative MIC values in the
international system for antimicrobial susceptibility testing. Distributions of MIC values
for a species and an agent follow a log-normal distribution, which in the absence
of resistance mechanisms is monomodal and designated wild type (WT). The upper
end of the WT distribution, the ECOFF, can be identified with statistical methods. In
the presence of phenotypically detectable resistance, the distribution has at least one
more mode (the non-WT), but despite this, the WT is most often identifiable using
the same methods. The ECOFF provides the most sensitive measure of resistance
development in a species against an agent. The WT and non-WT modes are independ-
ent of the organism’s response to treatment, but when the European Committee on
Antimicrobial Susceptibility Testing (EUCAST) determines the clinical breakpoints, the
committee avoids breakpoints that split WT distributions of target species. This is to
avoid the poorer reproducibility of susceptibility categorization when breakpoints split
major populations but also because the EUCAST has failed to identify different clinical
outcomes for isolates with different MIC values inside the wild-type distribution. In
laboratory practice, the ECOFF is used to screen for and exclude resistance and allows
the comparison of resistance between systems with different breakpoints from different
breakpoint organizations, breakpoints evolving over time, and different breakpoints
between human and animal medicine. The EUCAST actively encourages colleagues
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to question MIC distributions as presented on the website (https://www.eucast.org/
mic_and_zone_distributions_and_ecoffs) and to contribute MIC and inhibition zone
diameter data.

KEYWORDS ECOFF, epidemiological cut-off value, antimicrobial susceptibility testing,
AST, phenotypic wild-type distribution, ECV

INTRODUCTION

n the 1990s, the Swedish Reference Group of Antibiotics (SRGA) began systematically

characterizing species-specific minimum inhibitory concentration (MIC) distributions
of isolates lacking phenotypically detectable resistance mechanisms. The distributions
were used as a reference for the discussion and setting of clinical breakpoints (1). They
summarized published MIC data and data generated for the committee by the method-
ology section of the reference group (SRGA-M).

In conjunction with re-starting the European Committee on Antimicrobial Suscept-
ibility Testing (EUCAST) by the European Society for Clinical Microbiology and Infec-
tious Diseasesin 2001, the EUCAST decided to systematically collect large numbers of
international MIC distributions (2). Soon after, web-based software was developed for the
collection and presentation of the distributions as MIC and zone diameter histograms
with epidemiological cut-off values (ECOFFs), and since then, distributions have become
freely available through the EUCAST (http://mic.eucast.org). By studying the available
data, the Committee realized that, provided a methodology calibrated to the classical
broth microdilution method was employed, what was considered, and later defined as
the part of the distribution where isolates lacked phenotypically detectable resistance,
was the same irrespective of when in time or where isolates were collected (hospital vs
general population, geography, disease, and animal species). This knowledge increased
the usefulness of gathering, evaluating, and displaying the distributions. Committee
members agreed that “it would be difficult to define the abnormal (resistance by
breakpoints) without first having agreed on the normal” (3).

PHENOTYPIC EXPRESSION OF ANTIMICROBIAL SENSITIVITY IN BACTERIA AND
FUNGI—THE MINIMUM INHIBITORY CONCENTRATION

There is a tendency to consider the MIC as an absolute value on which mathematical
and clinical predictions can be based. However, the MIC is a relative value, which like all
assay outputs is not only subject to random variation but also to systematic variation
since the value will depend significantly on the level of standardization of every detail
of methodology (the medium used, inoculum, pH, cation content, incubation time and
temperature, and endpoint reading). In 2005, a reference broth microdilution method
for the determination of MICs for rapidly growing aerobic bacteria was agreed through
the International Organization for Standardization (ISO) (4). As a result, MIC distributions
as collected and displayed could be compared and curated against the reference. With
the help of an initiative by the EUCAST, an international group of scientists developed
the criteria for how to generate and amalgamate agreed MIC distributions and how to
estimate the upper end of the wild type of each distribution, defined as the epidemiolog-
ical cut-off value, abbreviated “ECOFF” by the EUCAST and later “ECV” by the Clinical
and Laboratory Standards Institute (CLSI) (5, 6). However, MIC values are still relative,
and for most situations, the reproducibility of any single value is significantly lower than
for most other laboratory assays. When performed in one laboratory, by the same staff,
using the same material from one agreed manufacturer on each occasion, most MIC
values can be reproduced to a given value plus or minus one twofold dilution. If, for a
given isolate and agent, 1 mg/L is the most commonly obtained value, then 15-25% of
the values will, even under the best of circumstances, distribute over 0.5, 1, and 2 mg/L,
with the occasional values of 0.25 and 4 mg/L. Under less stringent circumstances, the
distribution will become wider, and what appears to be random variation will become a
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combination of random and systematic variation, where the latter is attributable to the
variation produced by an alternative manufacturer of the medium, a discrete change in
pH or cation content, an alternative incubation time, a different laboratory, and/or other
factors.

WILD-TYPE MIC DISTRIBUTIONS

Contrary to what might be expected for a single species with a single antimicrobial
agent, observed wild-type MICs are not a single value, but rather a range of values
that follow a log-normal distribution. The range of MICs for a single species/agent
combination is due to a combination of technical assay variation and biological variation
(7). Studies using disk diffusion have shown that the relative contribution of technical
and biological variation differs between species/agent combinations (8). In general,
the contribution from technical variation is greater. Technical variation is both intra-
and interlaboratory, with the variation between laboratories routinely observed even in
well-controlled quality control studies using the same reagents (9). When viewing MIC
distributions, such as those displayed in the EUCAST database, importantly all sources
of variation are included in the putative wild-type part of the distribution and the
calculation of the ECOFF, thereby increasing the general representativeness and utility of
the distribution and the ECOFF.

IDENTIFYING THE WILD TYPE BY SELECTING EPIDEMIOLOGICAL CUT-OFF
VALUES

Because wild-type isolates of a species show a range of values in MIC assays, it is
necessary to select an MIC cut-off value that will provide confidence that values at
or below that cut-off are without phenotypically detectable resistance mechanisms. By
definition, this will exclude or minimize the presence of non-wild-type isolates at MICs
below the ECOFF. This is the basis of the concept of the epidemiological cut-off value
introduced by the EUCAST in 2003 (2). To favor the participation of many investigators
and materials, to make generalized ECOFFs possible, and to increase the representativity
of the distributions and ECOFF values, the EUCAST introduced the rules of only defining
a wild-type distribution and the ECOFF provided at least five contributions from different
sources agreed.

The EUCAST, and later CLSI, have formally defined the ECOFF. The definitions are
similar but not identical. The EUCAST definition is “For a given microbial species and
antimicrobial agent, the epidemiological cut-off value (ECOFF) is the highest MIC for
organisms devoid of phenotypically detectable, acquired resistance mechanisms. It
defines the upper end of the wild-type MIC distribution and is typically written as X
mg/L, while the wild type is written as <X mg/L and the non-wild type as >X mg/L” The
CLSI definition is “the minimal inhibitory concentration (MIC) or zone diameter value that
separates microbial populations into those with and without acquired and/or mutational
resistance based on their phenotypes (wild type or non-wild type). The ECV defines the
upper limit of susceptibility for the wild-type population of isolates.”

A wild-type MIC distribution for an agent and a species consists of all MIC values at
or below the ECOFF. The important features are that they are species-specific and will be
the same irrespective of the source of the isolates, the time period when isolates were
collected, or their geographic origin.

HOW EPIDEMIOLOGICAL CUT-OFF VALUES ARE DETERMINED

There is, to date, no international standard method for selecting ECOFFs, but there are
some basic properties of individual distributions that are widely accepted:

- lIsolates should be identified at the species level.
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« The MIC values should be based on the traditional twofold dilution series—0.125,
0.25, 0.5, 1, 2, 4, 8, etc. This facilitates analysis. Testing techniques involving
concentrations between the traditional twofold values should be rounded up to
the next twofold value, e.g., a measured MIC of 3 mg/L should be rounded up to
4 mg/L.

+ The dilution series should ideally include all concentrations in the putative wild
type. Series that are truncated within either end of the putative wild type will
distort the analysis and must be excluded.

Apart from these features, there are some differences in the approach from different
investigators and organizations. When reviewing ECOFFs, it is important to be aware
of these differences in the approach. The two best described methods for selecting
ECOFFs are those of EUCAST and CLSI. The former codifies its approach in the EUCAST
Standard Operating Procedure SOP 10.2 (5). The latter describes its approach in the M23
and M57 standards (6, 10), Development of In Vitro Susceptibility Testing Criteria and
Quality Control Parameters (6) and Principles and Procedures for the Development of

TABLE 1 A comparison of EUCAST- and CLSI-published approaches to ECOFF setting

Feature EUCAST” CLSI M23 and M57° Notes

Isolate identification To species level (or species complex To species level only

if members of a complex cannot be
distinguished by MALDI-TOF
Methods used to determine  1SO 20776-1 (4) and methods calibrated M7, M11, M27, M38, M44, M45, M51, CLSI does not have a refer-

MICs to it (which includes both EUCAST’s MIC and VETO5 ence method for Mycobacterium
method and CLSI's M7). tuberculosis that generates MIC
Antifungal methods distributions
Antimycobacterial reference method
Dilution series Twofold dilution series based on 0.5, Not specified but generally defaults
1,2,4,etc. to standard twofold dilution series
Minimum number of 5 for a formal ECOFF and 3 or 4 for 3
independent distributions a tentative ECOFF (TECOFF)
required
Minimum number of 15 None, but a total of 100 datapoints for
datapoints in the putative pooled distributions

wild type of each individual
distribution
Other acceptance criteria for ~ Data not truncated (< or >) inside the Data not truncated (< or >) inside the

distributions putative wild type. putative wild type.
Mode of the putative wild type is within  Mode of the putative wild type is
2 twofold dilutions of the most within one or two twofold dilutions
common mode. of the most common mode.
Analytical methods Iterative statistical method on individ-  Iterative statistical method on For CLSI, if one laboratory provides
ual acceptable distributions, with the pooled distribution data more than 50% of the data points,
(T)ECOFF set as the geometric mean of weighting the data before pooling
the individual cut-offs, followed by and analysis should be considered
visual predictive check
Iterative statistical method >99% >97.5%
cut-off percentage
Publication(s) EUCAST MIC distribution website M100, M57S

(https://www.eucast.org/
mic_and_zone_distribu-
tions_and_ecoffs)

*EUCAST reference methods can be found at https://www.eucast.org/.
°CLSI reference methods can be found at https://clsi.org/standards/products/microbiology/.
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Epidemiological Cutoff Values for Antifungal Susceptibility Testing, respectively (10). The
approaches are similar but differ in some important ways, where the EUCAST approach is
more prescriptive about the analysis (Table 1).

« The EUCAST accepts distributions whose MICs have been generated by a reference
MIC method, or a method calibrated to the reference method, provided that
the distributions fulfill the acceptance criteria. The CLSI accepts distributions
whose MICs have been generated by reference methods only, a range of which
is described in CLSI standard M23, but does not require distributions from several
investigators or a defined minimum number of distributions (6).

« For the EUCAST, the reference method must be the one described by the
International Organization for Standardization (ISO), namely, ISO 20776-1:2019
for rapidly growing aerobic bacteria (4) and ISO 16256:2021 for yeasts (11). For
mycobacteria, there is currently no ISO reference method. Instead, the EUCAST
has defined its own reference broth microdilution method for Mycobacterium
tuberculosis (12). For antifungal testing, there are some important differences
between the EUCAST and CLSI that can result in different MICs on the same isolate.
For fungi, ECOFFs should only be set for data generated by the EUCAST method-
ology alone or CLSI alone (10). In cases, where MIC distributions are presented
with or without ECOFFs and an accepted reference method is not yet available,
it is important that the testing method should be clearly stated and that results
obtained with quality control strains of related or similar species are presented.

« The EUCAST also accepts distributions when the method is successfully calibrated
to a reference method. Some examples include the following:
o commercial and custom-made products (MIC trays) that conform to the
reference method and have passed quality control assessment.

o gradient diffusion tests where there is evidence that results conform to
results obtained with the reference method; importantly, several of the
gradient test methods produce biased results, as noted on the EUCAST
website (https://www.eucast.org/mic_and_zone_distributions_and_ecoffs).

+ To be included in the analysis, a distribution must have a putative wild-type mode
at or within one twofold dilution of the most common mode of all acceptable
distributions.

« For the EUCAST, ECOFFs will only be published when at least five acceptable
distributions are available. Distributions accepted for aggregation should have at
least 15 values in the putative wild-type mode; this is to ensure that there is an
agreed identifiable wild-type mode. If three or four acceptable distributions are
available, a tentative ECOFF (TECOFF) may be selected and presented, in the hope
that with time more distributions will be available to allow the setting of an ECOFF.

- Details are provided about the analytical technique used to select an ECOFF. The
current EUCAST technique has evolved to provide more utility and confidence in
the published ECOFF and includes a confidence interval for the selected ECOFF.

CALCULATION OF ECOFFS

Several analytical techniques have been applied to selecting ECOFFs over the years
(13, 14, 15,16,17, 18, 19). The EUCAST uses iterative statistical method designed to fit
a log-normal distribution curve to the putative wild type (15). In brief, the method
seeks the best fit of a log-normal (log-Gaussian) distribution curve to the putative wild
type using increasing subsets of the data commencing one two-fold dilution above the
lowest mode in the MIC distribution. Because the log-normal distribution has no upper
bound, the user must select a percentage to define an ECOFF that captures at least that
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percentage of the modeled wild type. Different percentages can be chosen for different
purposes. If the aim is to avoid capturing non-wild types at or below the ECOFF, then
a lower percentage should be chosen, typically 95.0 or 97.5%. If the aim is to ensure
a maximum capture of the wild type and some overlap with non-wild-type isolates
is acceptable, then a higher percentage is chosen, commonly 99.9%. The algorithm
for this curve-fitting method is implemented in the freely available spreadsheet called
ECOFFinder (https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/MIC_dis-
tributions/ECOFFinder_XL_2010_v2.1_web_version.xlsm). The spreadsheet offers the
user a choice of ECOFFs based on the preferred cut-off percentage. Two examples of
ECOFFinder output are shown in Fig. S1.

In the EUCAST database, the ECOFF that is displayed is calculated as follows, working
on a logj scale: (i) the 99.9% cutoff is calculated for each individual distribution accepted
in the evaluation process, (ii) the mean and standard deviation of all these cut-offs are
calculated, (iii) the mean is converted back to the arithmetic value and rounded up
to the next highest twofold dilution, which is the displayed ECOFF, (iv) the standard
deviation is used to calculate the confidence interval (Cl), with the Cl values converted to
their arithmetic values and then rounded down and up, respectively, to show the lower
and upper ends of the Cl, (v) a visual predictive check similar to that used in pharmaco-
kinetic modeling is made to ensure that the calculated ECOFF correctly modeled the
graphical wild-type distribution and adjustments made if necessary within the Cl. A
worked example of how individual distributions are vetted and the procedure for ECOFF
calculation are shown in Fig. S2 and S3; Table S1.

The advantage of this EUCAST approach to setting ECOFFs is that it includes the
unavoidable variation observed in any laboratory practice, both intra-laboratory and
inter-laboratory variation, as well as any variation between the reference method and
methods calibrated to the reference method. It is based on the combined effort of many
colleagues working independently of each other. This makes the wild-type distributions,
as presented on the EUCAST website (http://mic.eucast.org), representative of the best
effort of scientists wishing to critically evaluate and acquire good laboratory material and
techniques.

WHY THE DEFINITION OF THE WILD-TYPE MIC DISTRIBUTION AND ECOFF ARE
BASED PURELY ON PHENOTYPIC EXPRESSION

The correlation between phenotypically and genotypically characterized wild-type and
resistant populations has been extensively investigated and found to be excellent for
almost all agents and resistance mechanisms (20). In some circumstances, the sensitivity
of the phenotypic characterization can be increased by using a surrogate molecule, as
exemplified by pefloxacin instead of ciprofloxacin for the detection of fluoroquinolone
resistance in Salmonella spp. (21), oxacillin as a sensitive substitute for other beta-lactam
agents for the detection of all types of beta-lactam resistance mechanisms in Streptococ-
cus pneumoniae (as recommended by the CLSI and EUCAST for more than 20 years),
and the use of benzylpenicillin in Haemophilus influenzae to detect all varieties of
beta-lactam resistance mechanisms (22). Using the most sensitive phenotypic method
to fine-tune the ECOFF further improves the correlation between phenotypic and
genotypic expression when resistance does occur.

ECOFFS DO NOT CHANGE OVER TIME

Once an ECOFF has been established using data from many investigators from many
different professional fields, there is rarely a need to change ECOFF values. However,
the background material on which ECOFFs are determined varies in size and representa-
tiveness from a few hundred MIC values in three or four distributions (for a TECOFF)
to >75,000 MIC-values in 5->25 distributions (for an ECOFF). With an increasing number
of distributions and datapoints, there is a need for review and sometimes revision of
values. An ECOFF presented in tables on the website against a white background has not
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been changed over the last 12 months. A yellow background indicates a change over the
last month and a light blue background over the last year. The increasing robustness of
an ECOFF with added data and a subsequent change may sometimes create problems
(23).

THE EUCAST MIC DISTRIBUTION DATABASE

The EUCAST database is a large collection of MIC distributions gathered over many
years from a wide range of human, veterinary, and environmental sources, holding more
than 30,000 phenotypically characterized MIC and zone diameter distributions (https://
mic.eucast.org/). Distributions and ECOFFs are available for many microorganisms,
including bacteria, mycobacteria, and fungi. They provide both numeric and graphic
views of aggregated MIC distributions and ECOFFs. At present, there are no other similar
open databases. Since 2003, it has been freely accessible, which was considered a critical
property because it allows users to consult, question, and use the database for a range
of laboratory and clinical purposes, described as follows. The software and its upkeep
are financed by the European Society for Clinical Microbial and Infectious Disease. As
noted previously, the wild-type distributions and ECOFFs have been developed using
SOP 10.2 criteria and analytical techniques (5). The entire database was systematically
curated during 2021-2023, including reviewing all distributions for acceptability and
estimation/re-estimation of all (T)ECOFFs. ECOFFs when presented in tables openly
display dates for any change.

The software provides functions for collecting and uploading contributions of MICs
and inhibition zone diameters, for curation of individual and aggregated distributions,
and for the display of agreed and aggregated distributions and ECOFFs.

The distributions collected and displayed by the EUCAST are from a wide variety
of sources primarily in the human and veterinary environments. These include scien-
tific publications where quality control data could be accessed, breakpoint commit-
tee material, contributions from individual researchers, programs for the surveillance
of antimicrobial resistance in humans and animals, EUCAST breakpoint development
projects [some examples being the organizing of the MIC and zone diameter distribu-
tions for Burkholderia pseudomallei (24), Corynebacterium diphtheriae, and C. ulcerans (to
be published) and five important Vibrio species (submitted for publication)], and also
many pharmaceutical company development programs. Although all distributions are
imported to the database, only the MIC distributions that fulfil a set of basic condi-
tions have been accepted for aggregation and display (see introductory notes on the
EUCAST MIC distribution website (http://mic.eucast.org) and the criteria published in
EUCAST SOP10.2 (5). An aggregated distribution may consist of data from hundred
different sources and as many as 90,000 MIC values (e.g., the aggregated distributions of
cefuroxime MICs for Escherichia coli and of vancomycin MICs for Staphylococcus aureus).
The distributions are presented as tables with raw data (Fig. 1) and as histograms (Fig.
2). A good example of how 72 Escherichia coli cefotaxime distributions are curated is
available in Fig. S2 and S3 in a freely accessible reference (3).

There is worldwide interest in the EUCAST MIC distribution database and ECOFFs. It is
recognized and referred to by the World Health Organization, the World Organization for
Animal Health, the European Centre for Disease Prevention and Control, the European
Food Safety Authority, and the Codex Alimentarius Commission as a very important
component of international surveillance of antimicrobial resistance and by other
breakpoint setting organizations. The practice of defining wild-type distributions and
determining ECOFFs has been adopted by colleagues in the antifungal and antimycobac-
terial fields, and many authors refer to EUCAST MIC distributions in scientific papers and
talks (25, 26).

It has been agreed that the rules for including and excluding MIC distributions and
the methods used to set ECOFFs need to be defined and agreed at an international level.
The closest to an international agreement is the EUCAST SOP10.2, organized via a group
of international experts invited by the EUCAST to help agree to a set of criteria (5). The
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MIC distributions for Ciprofloxacin, 2023-08-23
Antimicrobial: Ciprofioxacin (Method: MIC)
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FIG 1 The table of data obtained when searching for “ciprofloxacin” in the EUCAST database (http://mic.eucast.org; the direct link to the spe-
cific table above is https://mic.eucast.org/search/?search%5Bmethod%5D=mic&search%5Bantibiotic%5D=60&search%5Bspecies%5D=-1&search%5Bdisk_con-
tent%5D=-1&search%5Blimit%5D=50). When entering the name of an agent (rather than that of a species), a list of species is shown, and behind each of these,
there is a distribution available. The actual numbers of isolates for each concentration are shown together with the total number of distributions and isolates,
the (T)ECOFF, and the confidence intervals. A background color of light blue in the ECOFF column signals a change of values over the past 12 months (a yellow
background over the past month). Fly-overs will explain. The software automatically avoids duplicates. (© MIC EUCAST 2023. These data have been produced in
part under ECDC service contracts and made available by EUCAST at no cost to the user and can be accessed on the EUCAST website www.eucast.org. The views
and opinions expressed are those of EUCAST at a given point in time. EUCAST recommendations are frequently updated and the latest versions are available at

www.eucast.org.)

role of genetics in the setting of ECOFFs has been a topic for much discussion, as has the
need for a minimum number of distributions before a general and representative ECOFF
can be calculated. The conclusion has been that although there is generally an excellent
correlation between a wild-type distribution defined on phenotypic traits alone and one
primarily based on the presence and absence of identifiable resistance genes (27), a
definition requiring the absence of all possibly relevant resistance genes, expressed or
not, encoding for resistance to the agent or group of agents will fail to be practical (5, 28).
Some colleagues have insisted on using their own definition, where emphasis has been
placed on genetic rather than phenotypic traits (28). In our view, the term ECOFF should
be reserved for the joint effort of phenotypically defining a wild-type distribution.

OTHER PUBLISHED “ECOFFS”

There are now many publications defining so-called “ECOFFs” for bacteria and fungi. As
noted previously, different acceptance criteria for distributions and different analytical
techniques may yield different “ECOFFs," although most often the difference is only
one or two twofold dilutions. The EUCAST promotes their method as the “reference”
method for establishing true ECOFFs (5) and stresses the point that attempting to
establish a true ECOFF from a single distribution performed in a single laboratory is,
by definition, not possible since it will not encompass inter-laboratory variation or the
variation provided by differences in MIC (or zone diameters) attributable to differences in
the material obtained from different sources/manufacturers and in laboratory skills and
techniques. These differences are all embraced by the EUCAST-aggregated distributions
from multiple sources. A locally generated cut-off value for a single distribution can be
useful but only to the laboratory that generated it and only as long as there is no change
in the materials used. The EUCAST is open to discussion with researchers interested in
establishing ECOFFs for combinations of agents and species where it has yet not had
access to enough quality MIC distributions. For such situations, we have helped establish
ECOFFs for several agents (23, 29, 30).
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Ciprofloxacin / Escherichia coli
International MIC distribution - Reference database 2023-08-23
Based on aggregated distributions

MIC distributions include collated data from multiple sources, geographical areas and time periods and can never be used to infer rates of resistance
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FIG 2 Graph that is shown on the MIC database website when choosing “Escherichia coli" in Fig. 1.
The graph displays the number of distributions included, the number of MIC values included, the mean
ECOFF of individual distributions, and the confidence interval for the ECOFF. (© MIC EUCAST 2023. These
data have been produced in part under ECDC service contracts and made available by EUCAST at no
cost to the user and can be accessed on the EUCAST website www.eucast.org. The views and opinions
expressed are those of EUCAST at a given point in time. EUCAST recommendations are frequently
updated and the latest versions are available at www.eucast.org.)

Are differences between wild-type distributions and ECOFFs of one or twofold
dilutions important? Yes, because in the EUCAST procedure for setting clinical break-
points, the agreed ECOFF will influence the discussion of several possible issues related
to clinical breakpoints, susceptibility testing, pharmacokinetics and pharmacodynamics,
surveillance of antimicrobial resistance, and the comparison of resistance between
humans and animals and between animal species (22), as outlined below.

THE APPLICATIONS OF WILD-TYPE MIC DISTRIBUTIONS AND ECOFFS

When determining clinical breakpoints for an agent and a species, it is of major
importance to be aware of the wild-type distribution and the ECOFF. Once the wild-type
distribution is known and agreed upon, it serves as a reference for deliberations on
clinical breakpoints, the detection and surveillance of resistance, and comparison of
resistance between humans and animals and between animal species(23).

1. Asareference. A wild-type distribution agreed by many investigators will serve
as a reference of agent activity against a defined species. The robustness of the
wild-type and ECOFF characterization will depend on the number of investigators
involved and in agreement. For instance, by reviewing the database, it becomes
evident that one will not lightly publish an alternative vancomycin MIC distribu-
tion or ECOFF for Staphylococcus aureus when the ECOFF of 2 mg/L is based on
91,635 MIC values from 37 different investigators.

2. Inthe determination of clinical breakpoints: At present, clinical breakpoints
(interpretive criteria) are set by the EUCAST, CLSI, and the United States Food and
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Drug Administration. Of these, only the EUCAST requires that clinical breakpoints
should not be set to split wild-type distributions. The two main reasons are (i)
EUCAST has not been able to identify a situation where clinical outcome can
be related to different MIC values inside a wild-type distribution of a species; (ii)
favoring breakpoints outside a wild-type distribution avoids the region where
unavoidable assay variation will have the most detrimental effect in the form
of poor reliability of a single result. The susceptibility reporting categories of
S, I, and R are dichotomous by nature, and if clinical breakpoints are allowed
to divide homogenous populations of important target species, the “flip-flop”
between S, I, and R will be frequent and random. Thus, for the EUCAST, the process
for determining clinical breakpoints requires the identification of the wild-type
distributions of all important target species.

For other recognized organizations, wild-type populations are required for
consideration, but they have no codified requirements to prevent clinical
breakpoints from splitting the wild-type population.

At times, when attempting to set clinical breakpoints, the ECOFF of a target
pathogen may be higher than a cutoff determined using pharmacokinetic/phar-
macodynamic (PK/PD) analyses, i.e., the PK/PD cutoff splits the wild type. Because
ECOFFs are a measure of the phenotype only, ECOFFs are not influenced by this
difference; instead, the interpretation is that the dosage regimen of the antimicro-
bial in question may be suboptimal.

. To exclude resistance: The ECOFF by definition and nature provides the most

sensitive phenotypic measurement with which to exclude resistance. This is of
interest for resistance screening purposes and as an initial step in the process of
defining certain types of resistance. Indeed, one great value of maintaining skills
in phenotypic susceptibility testing is that this is the only way that new resistance
mechanisms will be detected. Genotypic methods of resistance detection work
only on known resistance mechanisms and their genes.

The following are examples of how ECOFFs can be applied to resistance
detection and the development of alternative screening strategies. The most
sensitive phenotypic measure for excluding fluoroquinolone resistance in
Enterobacterales, primarily Salmonella spp., is using pefloxacin and its ECOFF(21).
Likewise, the ECOFFs of oxacillin in Streptococcus pneumoniae and cefoxitin for
Staphylococcus aureus (MIC, and even more so, the ECOFF of the zone diameter)
have for many years provided a means for the sensitive detection of beta-lactam
resistance. By choosing the agent with care, the screen can exclude resistance to
a host of related agents (e.g., pefloxacin to exclude all fluoroquinolone resistance
mechanisms). The EUCAST guidance document will provide many more exam-
ples(31).

. For surveillance of resistance development: Clinical breakpoints are in many ways

unsuitable for determination and surveillance of resistance rates, especially for
agents where toxicology profiles, pharmacokinetic—-pharmacodynamic (PK-PD),
and clinical evidence of efficacy have allowed clinical breakpoints to be set
higher than the ECOFF. This is most often true for many beta-lactams because
the safety of higher dosages has allowed breakpoints that are sometimes several
dilutions above those of the wild type. For a more sensitive and robust measure of
resistance and resistance development, ECOFFs are preferable since

« clinical breakpoints change over time, making comparing rates calculated

before and after such changes difficult.
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5.

« clinical breakpoints differ between systems. Breakpoints determined by
the EUCAST, CLSI, and FDA “systems” (e.g., procedures for determining
breakpoints) often differ and when they change over time, the change
is not synchronized. The general trend, with only a few exceptions, is for
initial breakpoints to be decreased over time. This is to align with evolv-
ing knowledge on resistance mechanisms and levels and their importance
for clinical outcome, the broadening knowledge of pharmacokinetics/phar-
macodynamics, and sometimes with the change or widening of clinical
indications.

- surveillance programs, official and privately run, have traditionally merged
the “I" and “R” categories as “non-susceptible” and reported frequencies for
“non-susceptible” isolates. This has created uncertainty since the defini-
tion of “intermediate,” both in the CLSI and EUCAST, was ambiguous
and merging “I” and “R” was incorrect. With the fundamental change in
the EUCAST definitions of “S", “I, and “R” in 2019, merging “I” and “R”
became unacceptable for surveillance in Europe, and lumping categories
together was abandoned in European surveillance programs, as exempli-
fied by the criteria for participation in EARS-Net, the surveillance program
for antimicrobial resistance in blood stream infections from the European
Centre for Disease Prevention and Control (ECDC) (32).

For local, national, and international comparisons: Using ECOFFs, and thus wild type
versus non-wild type, resistance can be compared irrespective of differences in
clinical breakpoints between breakpoint systems and irrespective of the origin

of the isolates (human, animal, environment, time period, geography, etc.). The
only requirement is that the ECOFFs used for comparison are based on the same
published testing methodology.

In lieu of breakpoints: Wild-type isolates of a species cannot be automatically
considered susceptible to the agent. Many wild-type populations are either not
clinically categorized as “S", “I," or “R” or are categorized as “R." “Susceptible” in the
clinical sense includes consideration of drug administration, including pharma-
cokinetics, pharmacodynamics, and dosing regimens, which together result in
drug exposure at the site of infection and its adequacy for effective treatment.
There are many examples of where the achievable exposure to an antimicrobial

is inadequate for the treatment of wild-type isolates, e.g., benzylpenicillin and
Escherichia coli and cephalosporins and aminoglycosides to Enterococcus spp. In
other circumstances, the wild-type distribution and ECOFF for a pathogen without
clinical breakpoints may be similar to that of related pathogens with clinical
breakpoints. If so, the MIC and ECOFF can be cautiously interpreted to predict the
clinical outcome. However, formally approved wild-type MIC distributions may be
lacking for rarely isolated organisms, and then the EUCAST-published guidance on
“What to do when there are no clinical breakpoints” may be of value(33).

In therapeutic drug monitoring: ECOFFs can play a role in therapeutic drug
monitoring and dosage adjustment. It has become common practice, mainly

in seriously ill patients, to estimate drug exposure in an individual patient and
compare that to a single measure of the MIC of the infecting pathogen, which
will be used to estimate whether the patient is receiving sufficient exposure
(dosage) to ensure that PK-PD targets are reached. The EUCAST has pointed out
that a single MIC measurement cannot be relied upon for such purposes due

to the intrinsic variation in assays, between assays, and between assay systems.
In situations where resistance has been ruled out because the isolate has been
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shown to belong to the wild type for the agent, the EUCAST promotes the use of
the species ECOFF, aiming for a PK-PD target based on an MIC two dilutions higher
than the ECOFF. This approach guarantees that assay variation has been accoun-
ted for and ensures the highest margin for efficacy should dosage adjustment be
required (34, 28.

ECOFFs should not be used for any purpose (i) if they have not been determined by
the methods described previously, or (ii) if adequate PK/PD and clinical outcome data are
available, which suggest clinical breakpoints that differ from the ECOFF.

In conclusion, the characterization of wild-type MIC and zone diameter distributions
with the setting of ECOFFs will provide a reference in a system where the MIC value
is otherwise relative. ECOFFs and wild-type distributions are an invaluable resource
and have many uses in the fields of determining clinical breakpoints, development
of susceptibility testing methods, surveillance of antimicrobial resistance development,
comparison of resistance rates between different breakpoint systems, and in the “One
Health” concept.
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