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An index of discrimination for typing methods is described, based on the probability of two unrelated strains
being characterized as the same type. This index may be used to compare typing methods and select the most

discriminatory system.

Epidemiological typing of bacterial strains can be carried
out by a variety of techniques, including serotyping, biotyp-
ing, and bacteriophage and bacteriocin typing. To type many
of the more frequently occurring human pathogens, there is
often a choice of methods available that have been devel-
oped independently by different groups. For example, there
have been at least 10 phage-typing schemes described for
Pseudomonas aeruginosa (2).
An assessment of which typing method is the most effi-

cient has to be based on a number of factors: typability,
reproducibility, and discrimination. Of these characteristics,
typability and reproducibility are relatively easy to quantify
and are often expressed as simple percentages. Thus, the
typability of a method is the percentage of distinct bacterial
strains which can be assigned a positive typing marker, and
the reproducibility is the percentage of strains that give the
same result on repeated testing.
The discriminatory power of a typing method is its ability

to distinguish between unrelated strains. It is determined by
the number of types defined by the test method and the
relative frequencies of these types. These two facets of
discrimination are not generally presented as a single numer-
ical value and therefore cannot be used for a straightforward
comparison of different methods. In the literature, most
workers present the frequency of the most common types
and the number of types and it is often left to the interested
reader to make a subjective assessment of how one system
compares with another.
We suggest the use of a single numerical index of discrim-

ination (D), based on the probability that two unrelated
strains sampled from the test population will be placed into
different typing groups. This probability can be calculated by
Simpson's index of diversity, which was developed for the
description of species diversity within an ecological habitat
(9). This index can be derived from elementary probability
theory (1) and is given by the following equation:

S
D = 1 I nj (nj -1)

N(N-1) i= )

where N is the total number of strains in the sample
population, s is the total number of types described, and nj is
the number of strains belonging to thejth type. This equation
is derived as follows. The probability that a single strain
sampled at random will belong to the jth group is njN. The
probability that two strains sampled consecutively will be-
long to that group is n.(nj - 1)IN(N - 1). These probabilities
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can be summed for all the described types to give the
probability that any two consecutively sampled strains will
be the same type. This summation can be subtracted from 1
to give the equation above. No correcting factor for small
populations has been made, as typing schemes should not be
validated with small samples.
The application of this index is illustrated by comparing

two hypothetical typing schemes, both differentiating 20
types in a population of 100 strains. In the first, we will
assume a distribution of strains of 40 in type 1, 30 in type 2,
7 in types 3 and 4, and 1 in the remaining 16 types. In the
second, we assume an ideal distribution of five strains in
each type. Working through the first example, we have N =
100, s = 20, ni = 40, n2 = 30, n3 and n4 = 7, n5 to n20 =
1: D = 1-[(40 x 39 + 30 x 29 + 7 x 6 + 7 x 6 + 1 x 0 . . .

1 x 0)/(100 x 99)] = 1 - (2514/9900) = 0.746. Therefore, the
first example has an index of 0.746. This index indicates that
if two strains were sampled randomly from the population,
then on 74.6% of occasions they would fall into different
types. The second example is clearly more discriminating
and has an index of 0.960.

This equation can be applied both to a direct comparison
of the discriminating power of typing methods and to anal-
ysis of the discriminating power of combined typing
schemes. Table 1 shows the discriminating indices for vari-
ous Candida albicans typing methods. The data have been
adapted from descriptions of these methods in the literature
and are presented solely for the purposes of illustrating the
discriminatory index. It can be seen that the discriminatory
power of all the methods is fairly poor. Resistotyping is the
most discriminatory method, but it is of note that DNA
typing has better discrimination than either the killer system
or immunoblotting, both of which are able to differentiate
more types. The killer system has better discrimination than
immunoblotting, despite having a higher proportion of
strains in the most frequent type.

TABLE 1. Discrimination indices for some
C. albicans-typing methods

Method (reference) No. of Size (%) of Discrimination
types largest type index

Resistotyping (6) 16 25 0.899
DNA typing (8) 10 35 0.868
Killer system (7) 25 52 0.724
Immunoblotting (5) 16 41 0.679
Enzyme biovars (3) 4 64 0.549
Serotyping (4) 2 68 0.438
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TABLE 2. Discrimination indices for hierarchical typing methods
for Klebsiella spp., E. cloacae, and S. marcescens"

Discrimination index
Organism(s) Serotyping Serotyping and

alone phage typing

Klebsiella spp. 0.962 0.997
E. cloacae 0.899 0.998
S. marcescens 0.567 0.783

a Strains were differentiated by serotype, and then strains of the same
serotype were subdivided by phage sensitivity. Data drawn from cultures sent
to the Central Public Health Laboratory, 1985 to 1987, for epidemiological
investigations.

Table 2 illustrates the use of the discrimination index to
validate the hierarchical typing methods for Klebsiella spp.,
Enterobacter cloacae, and Serratia marcescens. For each of
the three groups, serotyping alone provides less discrimina-
tion than when serotyping is combined with phage typing to
discriminate within the frequent serotypes. It also highlights
the comparatively poor discrimination given by 0-sero-
typing S. marcescens.
A second application for this index is in the development

of nonserological typing methods, such as phage- and bac-
teriocin-typing schemes. In phage typing for example, there
is usually a large number of candidate phages from which to
select a subset for routine typing. We suggest that once the
initial test (phage) is selected, the discriminatory index can
be used in a simple computer program to select the subse-
quent phages to be included in the set. In practice, the initial
phage would probably be the test with the highest discrimi-
nation (the phage that was closest to lysing 50% of test
strains). The discrimination provided by each of the remain-
ing phages used in conjunction with the first phage can be
quantified with the index, and the best phage can then be
selected. This process would be continued until the remain-
ing candidate phages could not significantly improve the
discrimination of the phage-typing set.

We believe that this index greatly aids comparisons be-
tween typing systems and that it would be useful if it were
included in the descriptions of each new method. It must be
emphasized that it is of most value for large and repre-
sentative (nonlocal) collections of distinct strains. Clearly, in
developing a new typing scheme, one should aim for as large
a discriminatory index as possible. Of course, the acceptable
level of discrimination will depend on a number of factors,
but an index of greater than 0.90 would seem to be desirable
if the typing results are to be interpreted with confidence.
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