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ABSTRACT Breakpoints are used to predict whether an antifungal agent will be
clinically effective against a particular fungal isolate. They are based on a combina-
tion of MIC values, pharmacokinetic/pharmacodynamic values, and clinical outcome
data. For many fungus-antifungal combinations, these data might never be available.
For these combinations, epidemiological cutoff values (ECVs) provide a methodology
for categorizing isolates as either wild type (WT) or non-WT. In this review, we de-
fine ECVs, explain how they are generated using the CLSI methodology in standard
M57, and describe how they can be used in clinical practice.
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From the time that clinicians first had a choice in their selection of antimicrobials,
there has been a need to predict which infections would and which would not

respond to them. While a number of factors (described below) ultimately influence
those predictions, the underlying susceptibility of a microorganism to an antimicrobial
is one of the first factors to be considered. This need led to the standardization of
antimicrobial susceptibility testing methodology and the use of the term “MIC.” An MIC
is the lowest concentration of an antimicrobial agent that will prevent a predetermined
amount of growth (generally a 50 to 100% decrease in growth relative to an untreated
control) of a tested organism in vitro. The next step in the evolution of MIC testing was
the development of MIC breakpoints. A breakpoint is used as a predictive MIC value for
determining whether or not a microorganism is likely to respond in vivo to an
achievable concentration of an antimicrobial at the site of infection when administered
using a predefined dosing schedule. Breakpoints are determined by a consensus group
using a preponderance of data which include the microbial MIC distribution, in vitro
resistance markers, pharmacokinetic/pharmacodynamic values developed using animal
models and human subjects, and patient treatment and outcome information based on
controlled clinical trial data. It is difficult and expensive to generate the kind of data
needed for breakpoint determination. For fungi, these problems are compounded. For
most species of fungi, there are simply not enough clinical cases of infection available
to make it economically feasible to perform a clinical trial within a reasonable time
frame. Furthermore, persons who are susceptible to fungal infection generally have
underlying conditions that make it difficult to determine whether their death is
attributable specifically to the fungal infection. Practically, this means there will be
many fungal pathogens that will never have defined antifungal breakpoints. However,
there is an alternative value that, while not predictive of in vivo efficacy, can be used
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to determine whether an isolate is wild type (WT) in regard to its in vitro response to
a given antifungal agent. This value is the epidemiological cutoff value (ECV). In this
review, we define ECVs and explain how they are determined, how they differ from
breakpoints, and how they can be used in clinical practice, specifically for fungi.

WHAT IS AN ECV?

The definition of an epidemiological cutoff value is the MIC or minimal effective
concentration (MEC) (which is used only for echinocandins against molds as the
concentrations that cause phenotypic changes in growth) that separates a population
into isolates with and those without acquired or mutational resistance based on their
phenotypic MIC value (1). An ECV is dependent on the testing methodology used to
generate the MIC values upon which it is based; an ECV based on broth microdilution
MIC values will not necessarily be the same as an ECV based on MIC values generated
by another methodology, such as the Etest (bioMérieux, Inc., Hazelwood, MO) or VITEK
2 (bioMérieux, Inc., Hazelwood, MO) systems. To apply an ECV generated by the CLSI
broth microdilution method to another testing system, either independent ECVs for the
alternative testing system would need to be established or the alternative testing
system would need to be validated in the testing laboratory using the CLSI broth
microdilution method as the standard. An ECV is not, and should not be, considered the
equivalent of a breakpoint.

HOW ARE ECVs DIFFERENT FROM BREAKPOINTS?

A breakpoint, by definition, is a predictor of the clinical success of a particular
antifungal-fungus combination. In creating a breakpoint, the MIC distribution and the
pharmacokinetic/pharmacodynamic (PK/PD) data of the antifungal in play are impor-
tant, but perhaps most critical is the addition of outcome data, especially from a clinical
trial. The outcome for a patient treated with a given antifungal agent is compared to
the PK/PD values of the antifungal, the MIC of the isolate, and any known resistance
mechanisms that are present. These data are pooled from all patients participating in
the trial. The goal is to determine the highest MIC value for which an achievable
nontoxic dose of the antifungal is possible, excluding isolates with known resistance
mechanisms to that antifungal. This value is then balanced against the outcome data
so that the breakpoint MIC value favors a positive/successful outcome for the patient
being treated. When the only piece of data available is the MIC distribution, a break-
point cannot be determined and an ECV is the only available tool that may provide
some guidance for treatment (Table 1).

An ECV is not a predictor of clinical success. In order to make use of an ECV, a
clinician must know whether a given antifungal agent is generally successful when
used against a particular fungus. If a fungus has intrinsic resistance, such as Candida
krusei has to fluconazole, having an MIC value lower than the ECV will not matter; the
isolate will always be resistant to fluconazole. The usefulness of an ECV lies in its ability
to predict for an isolate possible resistance to an antifungal agent that has known
activity against the species but for which there are not enough data to establish
breakpoints. For instance, there are no breakpoints for Candida guilliermondii and
fluconazole. If the ECV is 8 �g/ml and the MIC is 2 �g/ml, then the isolate will be
perceived to be wild type and to have no resistance to fluconazole, and a clinician may
consider treatment with fluconazole. Alternatively, if the MIC is 16 �g/ml, and the ECV

TABLE 1 Differences between breakpoints and ECVs

Breakpoints ECVs

Require an MIC distribution, pharmacokinetic/pharmacodynamic data, and
clinical treatment and outcome data

Require an MIC distribution

Can be used to predict clinical success Do not predict clinical success
Can be used to identify isolates that may harbor mutations Can be used to identify isolates that may harbor mutations
Extremely difficult to generate, as treatment and outcome data are rare Can be generated against any species as long as enough

isolates exist
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is 8 �g/ml, then the isolate will be perceived to be non-wild type and may have
acquired resistance to fluconazole, in which case the clinician may want to consider
other treatment options.

HOW ARE ECVs GENERATED?

Over the past few years, the methodology used to derive ECVs has evolved. The first
method, the visual method, simply plots the distribution of MIC values, and a reviewer
sets the ECV by sight, usually 1 to 2 dilutions beyond the modal MIC value but before
the distribution endpoint, disregarding any tailing of the distribution (small numbers of
MICs at the high end of the distribution) (2). In a more scientific approach, the MIC95

was used to determine ECVs (3). For this determination, the MIC that encompassed
�95% of all MIC values in the distribution was designated the ECV. There are a few
problems with using the MIC95 to set the ECV. First, if there is no tail at the high end
of the distribution, then the ECV can be set too low. Second, if there are a significant
number of resistant isolates in the population, then the MIC95 will be skewed toward
the higher values and the ECV can encompass resistant (non-wild-type) isolates. An
example of this would be with Candida glabrata and fluconazole, as �10% of isolates
in any C. glabrata population are resistant to fluconazole. The 95% distribution would
therefore include resistant MICs and be set artificially high. To overcome some of these
problems, a statistical method for generating ECVs that gives more weight to isolates
at the lower end of the distribution was developed (4), and this is the method that has
been adopted by the CLSI as a standard method for ECV determination (1). The iterative
method takes the log-normal distribution and fits it to different theoretical subsets of
MIC values until the best fit that encompasses �97.5% of the theoretical distribution is
found. The actual data set is fit to the Gaussian distribution that the data would be
perceived to normally fit if all testing parameters were equal in all laboratories. ECVs
that have been approved by the CLSI Subcommittee on Antifungal Susceptibility
Testing can be found in CLSI publication M59 (5).

WHAT ARE THE CLSI RULES FOR GENERATING ECVs?

ECVs for a number of fungal species have been reported in the literature (3, 6–19);
however, these ECVs were not generated in a systematic fashion following the same set
of rules for ECV determination for each species. There are currently two organizations
that have set international standards for susceptibility testing and the development of
breakpoints and ECVs for fungi, the CLSI and the European Union Committee on
Antimicrobial Susceptibility Testing (EUCAST). While the methodology used and the
values derived by these two organizations are similar, they are not the same and cannot
be used interchangeably. This review focuses on the newly published CLSI method for
the development of ECVs (1).

Because not all isolate populations are the same, owing to different hosts and
antifungal and other therapeutic exposures, the CLSI adopted a method meant to
ensure that isolate diversity is represented in ECVs. To that end, ECVs established using
the CLSI method must include MICs from a minimum of 100 unrelated isolates, must
come from a minimum of three separate laboratories, and must not include MIC data
from any one of the participating laboratories that account for more than 50% of the
total data. Geographical separation of the labs is desirable but not essential, as it is not
always possible. These rules are meant to ensure that data are not skewed by a
particular lot of broth microdilution panels or by the way a particular technologist in
one laboratory interprets the MIC data. In addition, all values used must come from
testing runs in which quality control isolate MIC values are within the given CLSI range
for the antifungal-fungus combination. Further, the modal MIC value for the data set
from any given lab must not fall at either the highest or lowest value of the MIC range
tested. This ensures that there is no truncation of the data in which values lower or
higher than the mode are generated when additional higher or lower dilutions are
tested.

While not strictly a requirement, it is best if resistance mechanisms are known.
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Isolates with known molecularly characterized mechanisms of resistance may be
included in the data set because the log-normal distribution takes into consider-
ation values that fall outside the predicted range. Such isolates also provide a way
to verify the ECV that is generated; if an isolate has a known resistance mechanism
to an antifungal, then the MIC value for that isolate should be higher than the
determined ECV.

Many species are now divided into species complexes. The cryptic species (sensu
lato) will not necessarily have the same wild-type MIC range or resistance profile as
the parental species (sensu stricto), as was recently shown for the Cryptococcus
neoformans and Cryptococcus gattii species complexes (6). For that reason, all
isolates, particularly those within a species complex, are identified to the species
level using either molecular methods or matrix-assisted laser desorption ionization–
time of flight mass spectrometry (MALDI-TOF MS) if the MICs for the isolates are to
be used for generating an ECV.

Finally, as mentioned above, the iterative method of ECV determination is used to
generate the final ECV (4). While this method is not perfect, as it forces the data into a
curve in which 97.5% of the isolates are perceived to be wild type, it does provide
precise and consistent ECVs.

HOW SHOULD ECVs BE USED?

While ECVs are not breakpoints and should not be used as breakpoints, having an
ECV can provide useful data about an isolate. For example, an ECV can be used as a
simple way to determine whether an isolate is or is not wild type with regard to its in
vitro response to a given antifungal agent. Having a wild-type isolate does not
guarantee a clinical response to or the efficacy of a given antifungal agent. However,
having a non-wild-type isolate suggests that the isolate may not respond as expected.
Thus, one of the best examples of a situation for which an ECV is useful is when a
clinician is treating an infection with an antifungal for a species that is known to
develop resistance but for which there are no established breakpoints, especially after
long-term antifungal use. The ECV divides the wild-type and the non-wild-type popu-
lation such that having an MIC value higher than the ECV is an indication that the
isolate may have developed resistance to the given antifungal and that, therefore,
using an alternative antifungal may be prudent.

Another use for ECVs is in the selection of an antifungal agent while awaiting MIC
results for an isolate. As noted, the majority of wild-type isolates will fall below the ECV.
Thus, knowing the ECV for the fungal species identified will enable the clinician to
determine whether the expected MIC may be high or low in relationship to known
achievable levels of a given drug. In that regard, the ECV is essentially an MIC95–99

which can be used to empirically rule in or out the use of various antifungal agents.
ECVs may also have utility for monitoring the epidemiology/emergence of drug

resistance in a given fungal species. Testing populations of a fungal species recovered
over time, or from a given cohort, can be used to monitor for an increase in the number
of isolates with MICs higher than the ECV and, thus, can identify increasing and/or
emerging resistance. Such isolates can be further molecularly interrogated to identify
previously unidentified mechanisms of resistance. Such monitoring would be most
useful for public health laboratories but may also be useful to infection control
specialists in large hospitals that have significant antifungal drug use.

ARE ECVs USEFUL?

Like any tool, ECVs can be effective when used correctly. Figure 1 shows a data set
for Candida glabrata isolates tested against micafungin (20). While a few of the
wild-type isolates had MIC values higher than the ECV, no isolates with FKS mutations
had an MIC lower than the ECV, indicating that all of the true non-wild-type isolates
were identified using the ECV. For a fungus-antifungal combination for which there is
a single target/resistance mechanism, such as C. glabrata and micafungin, ECVs can be
a good predictor of which isolates are non-wild type.
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When a species has multiple mechanisms of generating resistance, the use of ECVs
becomes more complicated. A good example is the relationship between Candida
parapsilosis and fluconazole, for which both an ECV and a breakpoint have been
established; the ECV is 1 �g/ml, while the breakpoint is 8 �g/ml. This means that a
significant number of isolates (7% of C. parapsilosis isolates in the data set used to
generate the ECV [12]) designated non-wild type using the ECV actually have an MIC
value that, based on the breakpoint, predicts response to therapy. This is not unex-
pected for a fungus-antifungal combination where there can be an expression gradient
for the resistance mechanism (meaning variability in the phenotypic expression), such
as the one for the azole efflux pumps in Candida (21). This example shows that while
an isolate may be non-wild type, it does not mean that it is nonsusceptible; careful
consideration needs to be given to known mechanisms of resistance and how high the
MIC is in relation to the ECV. For those fungus-antifungal combinations where both an
ECV and a breakpoint exist, the breakpoint should always be used for clinical decision
making.

HOW ARE ECVs REPORTED?

In the event that an ECV is to be reported, both the MIC and the ECV should be
provided to the clinician rather than a categorical designation such as wild type or
non-wild type. The CLSI M57 document provides specific language pertaining to how
an ECV should be reported (1). Following the CLSI example, a laboratory can report the
MIC for the organism and include a comment stating, “There are currently no break-
points or interpretive criteria for species X and antifungal agent XYZ. The XYZ MIC for
this isolate is above the Epidemiologic Cutoff Value (PQR �g/ml) for species X and
antifungal agent XYZ which suggests that this isolate may have an acquired mechanism
of resistance and could be considered non-wild type.” It is also recommended that the
clinician consult with an infectious disease clinician and/or pharmacist in deciding
whether a drug should be continued, the dosage changed, or an alternative agent
considered.

SUMMARY

ECVs are the newest tools available to laboratories performing susceptibility testing
and to clinicians treating infections. Like any new tool, their usefulness and best
application are just beginning to be discovered. While ECVs are not meant to replace
breakpoints, they may be a useful adjunct for determining the best course of antifungal
treatment, particularly for fungal species and drug combinations for which breakpoints
are not available. ECVs also provide another means for monitoring the emergence of
drug resistance in any given fungal species.

FIG 1 MIC distribution of isolates of Candida glabrata tested against micafungin. The black bars represent
wild-type isolates, and the gray bars represent isolates with a mutation in the FKS1 or FKS2 gene.
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