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Multidimensional Analysis for Interpreting Antibiotic
Susceptibility Data

We are rather surprised at the lack of reaction to the
article by Hunter et al. (4) published inAntimicrobialAgents
and Chemotherapy in 1990 which concerns the application of
multivariate analysis to antimicrobial susceptibility data by
the use of computer software. This concept was first pro-
posed in 1985 (3, 8) and was developed over subsequent
years (2, 9, 11).
As pointed out by Hunter et al. (4), the various statistical

techniques and parameters used to define bacterial suscep-
tibility to antibiotics in vitro, i.e., the MIC for 50 and 90% of
strains tested (MIC50 and MIC90), geometric mean, and
linear regression, lead to a considerable loss of information.
Indeed, in no way do they take into account the heteroge-
neity of the population under study; all the individuals (i.e.,
strains) in a given bacterial population are considered iden-
tical, whereas a typical species can comprise several groups
with regard to antibiotic susceptibility, for example, a sen-
sitive group plus several groups bearing different resistance
determinants. Moreover, the norms (breakpoints) proposed
by the various national committees are in fact empirical-
"conjectures" in mathematical terms.

In contrast, multidimensional analyses are more descriptive
and, as such, more relevant to biological systems. In addition,
they have implications for decision making and forecasting
(5). The new data, derived from multidimensional analyses,
can be considered statistical objects that replace the raw data.
Thus, classical statistical methods (Student's t test, for exam-
ple) can be applied to these new data in such a way as to
obtain numerical results (6, 7). Questions such as validation
and the detection of aberrant elements are raised here, just as
in classical statistical analysis.
The plus in the proposed analysis is its multidimensional

nature. Clusters appearing in two dimensions are not neces-
sarily distinct in each dimension taken separately (10). The
individual is never lost; the recognition of patterns is based
on differences between the individuals, and the patterns are
then interpreted on the basis of the original variables (1, 5).
As pointed out by Hunter et al. (4), these methods are of

value for highlighting the structure of a population, the phylo-
genetic relationships between its individuals, and the links
between the variables used. Furthermore, they stress the
relationship between the individuals and the variables, in this
case the bacterial strains and the activity of the antibiotics.

In this way, using analysis of principal components and
hierarchical ascendent classification, a bacterial species was
separated into homogeneous classes corresponding to the
various susceptibility and resistance phenotypes for ,-lac-
tams. Three practical applications have given concrete re-
sults (9, 11): (i) a new model for more relevant interpretation
of antimicrobial susceptibility test results which is based on
these bacteriological classes (validated by pharmacological
data and results obtained in vivo) and which can be used by
any microbiologist with access to a microcomputer, (ii)
numerical estimation of breakpoints with a known risk, and
(iii) calibration of a technique relative to a reference method
(the same classes have to be obtained).

Potential applications include the detection of strains with
new phenotypes and the evaluation of the activity of new
compounds in vitro (2, 9, 11).
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