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SUMMARY

Reproducible and discriminating typing methods are required for epidemio-
logical investigations. Numerical typing systems analyse patterns obtained in
various ways by calculating similarity coefficients between isolates. In the present
study, various measures of the efficiency of a numerical typing system are
quantified. These include reproducibility, accuracy, and discrimination power.

Three different numerical typing methods for Escherichia coli were compared
using these measures: (a) Biotyping with API 50 CH system, (b) Biochemical
fingerprinting with the API 50 CH system and (c) Biochemical fingerprinting with
the PhP-EC system. Biotyping qualitatively measures the results of a set of
biochemical reactions as + or —. Biochemical fingerprinting also uses biochemical
reactions, but the tests are scored quantitatively by measuring the kinetics and
intensity of each reaction.

It was found that biotyping yielded poor reproducibility. When biochemical
fingerprinting analysis was used with the API 50 CHE system the reproducibility
and the discrimination was good. The PhP-EC system for biochemical finger-
printing showed equal reproducibility but was superior to the API 50 CH system
with regard to discrimination power.

INTRODUCTION

The identification of Escherichia coli rarely causes any diagnostic problems in
the clinical routine laboratory. Typing of E. coli below the species level may be
required in various epidemiological and ecological studies. Serotyping has
traditionally been used as the reference method for typing E, coli [1, 2]. A complete
serotyping requires, however, availability to many reference antiseras, and is
usually only performed in certain reference laboratories. Biotyping, on the other
hand, is a simple method for typing E. coli [3] and may be performed in any

* This paper was, in part, presented at the 2nd International Meeting on Bacterial
Epidemiological Markers, Rhodos, Greece, 8-11 April, 1990
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microbiological routine laboratory. In contrast to many other modern typing
methods based on electrophoreograms, like characterization of whole cell proteins
[4], outer membrane proteins, or plasmid content [5, 6], the interpretation of data
obtained from large investigations offers no difficulty.

Biotyping is usually performed by investigation of the ability of an isolate to
metabolize a number of chemically defined substrates. Identification of the strains
is done by assigning a positive or negative value to each reaction (the biochemical
markers of the strain). Biotyping systems are often set up specifically in the
laboratory, and may involve various compounds [3, 7-9]. Some commercially
available systems also exist, like the API 20E, API 50 CH and Micro ID systems.
These kits are primarily designed for identification of strains belonging to the
family Enterobacteriaceae, but they have also been used for biotyping of E. coli
[10-12].

Biochemical fingerprinting may be applied on the same reactions as biotyping.
When using biochemical fingerprinting, a quantitative measure of the metabolism
of various substrates is obtained by measuring the speed and intensity of each
reaction [13]. The 'biochemical fingerprint' of an isolate thus consist of a set of
quantitative numbers.

The aims of the present study were to compare biotyping and biochemical
fingerprinting, using a commercially available kit for biochemical typing of
bacteria (the API 50 CH system), and also to compare biochemical fingerprinting
with two different typing systems, the PhenePlate E. coli (PhP-EC) system and
the API 50 CH.

MATERIALS AND METHODS
The PhP EC system

The PhP-EC system (BioSys Inova, Stockholm) consists of 24 biochemical
reagents which have been selected to give a high discrimination between
independent E. coli strains [13] (Table 1). The dehydrated reagents are kept in flat-
bottomed microtiter plates, with four sets of reagents for testing four isolates in
each plate. Bacterial suspensions were made in a substrate containing 0-2%
peptone and 0-l % bromothymole blue and were dispensed into each one of the 24
wells by the aid of a multi-channel pipette. The absorbance value for each
reactions was read after 4, 7, 24 and 48 h incubation by an optical reader (Titertek
Multiscan) at 620 nm [14]. The reader was connected to a microcomputer, where
data were collected and stored and all calculations were automatically performed
by the PhP software (BioSys Inova, Stockholm). After the final reading, the mean
absorbance value from each test was calculated, yielding a quantitative result
which depended on the speed and intensity of each reaction. An isolate was thus
determined by a set of 24 integers, each one ranging from 0 (acidic reaction) to 25
(alkaline reaction).

The API 50 CH system
The API 50 CH system (La Balme, Les Grottes, France) consists of 49

carbohydrates and one negative control test (Table 1). The carbohydrates have
been selected for identification and typing of various species. The dehydrated
reagents and a pH indicator (phenol red) are kept in cups in specially designed
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plastic trays. A bacterial suspension, in the API 50 CHE medium (La Balme, Les
Grottes, France), was dispensed with a Pasteur pipette into each of the 50 wells
in a plastic tray. The reactions were read visually after 3, 6, 24 and 48 h incubation
at 37 °C. The indicator change of each reaction was scored from 0 (no reaction) to
4 (full positive reaction). The API 50 CH results were manually fed into the
microcomputer, and were evaluated by the aid of the PhP software in four
different ways:

Biochemical fingerprinting, 50 tests. The scores from all four readings were added
together for each reaction. The final result from each test was thus ranging
between 0 and 16 (API:1).

Biotyping, 50 tests. The results which at the reading after 24 h incubation had been
assigned a value of 2 ^ were coded as 1 (positive), and those which had a value of
0-1 were coded as 0 (negative) (API:2).

Biochemical finger-printing, 26 most discriminating tests. The standard deviation of
each test coded according to method API: 1 was calculated for 96 distinct E. coli
isolates, and those 26 tests which showed a standard deviation of one or more were
regarded as discriminating for E. coli and used for further calculations (Table 1)
(API: 3).

Biotyping, 22 most discriminating tests. Only those 22 tests which did not yield
identical results for 96 distinct E. coli isolates according to method API:2
(biotyping) were used (API:4).

Isolates investigated
Altogether 96 epidemiologically unrelated E. coli strains were tested. Fifty

strains were isolated in blood-cultures from bacteremic patients and 46 strains
were faecal E. coli isolates from healthy outpatients [15]. Twelve of these strains
were assayed twice, on different occasions, for estimation of the inter-assay
reproducibility.

Calculations
All calculations were performed by the PhP software (BioSys Inova,

Stockholm), on an IBM compatible computer (Victor V286C).

Similarity matrix
For each method, the test results for all isolates were compared pairwise, and

the similarity between each pair of isolates were expressed as the correlation
coefficient (r). This resulted in a similarity matrix containing 96x(96—1)/2
correlation coefficients for each method.

The correlation matrix was clustered by the UPGMA method [16] yielding a
dendrogram. The cophenetical correlation between different methods was
calculated as the correlation between the similarity matrixes obtained from each
method. This cophenetical correlation is a measure of the similarities between the
results obtained from different numerical typing methods [16].
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Reproducibility and identity level
Interassay reproducibility was calculated as the mean correlation coefficient

obtained from independent duplicate assays of 12 strains. The identity level for
each one of the typing methods was defined as the reproducibility minus two
standard deviations (SD) (95% confidence level).

Discrimination power of the typing systems
Different measures of the discrimination power of the typing systems were used:

Resolution capacity. The resolution capacity was expressed as the resolution index.
This was calculated as l-*"mean> where rmean indicates the mean of all correlation
coefficients obtained when all tested isolates were compared to each other. The
resolution index determines the suitability of a certain set of tests to discriminate
among the isolates [14] and is a valuable help when selecting an optimal set of
tests.

Accuracy. The accuracy is a measure of the proportion of comparisons between
isolates which fall within the 'grey area', i.e. between isolates which are almost
identical. A high accuracy means that this proportion is low, and that isolates
which are assigned to different phenotypes by the actual typing system really are
different. The accuracy index of each typing system was calculated from the
similarity matrix according to the formula l-rl/rtot, where rl is the number of
similarity coefficients ranging from the identity level to a value denned by the
identity level minus 1 x SD (the grey area), and rtot is the total number of
correlation coefficients.

Variety. The variety of each typing system was expressed as the number of
phenotypes which could be detected at the identity level specified above.

Diversity. The diversity of each typing system was calculated using Simpson's
index of diversity [17] according to the formula

where Ni is the number of isolates in the i: th phenotype, and N is the total number
of tested isolates. This index measures the probability that two randomly selected
strains will be assigned to different phenotypes, using the actual typing method.
It gives a valuable measure not only on the number of phenotypes, but also on the
distribution of isolates among the phenotypes.

RESULTS

Interassay reproducibility and identity level
Table 2 shows the reproducibility of the 5 typing methods, given as mean

correlation between duplicate independent assays of 12 E. coli isolates. The
identity level for each typing method was then set at a value of mean correlation
minus 2 x SD, thus ranging between 0-735 and 0-967 for the typing methods.
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Table 2. Interassay reproducibility calculated from duplicate assays of twelve
strains

Mean correlation
Standard deviation (S.D.)
Mean —2 x S.D.

PhP-EC

0-983
0-008
0-967

Typing system*

A P I 1

0-986
0012
0-962

API: 2

0-977
0029
0-919

API: 3

0-984
0014
0-956

API: 4

0-931
0098
0-735

* PhP-EC, 24 biochemical tests. Sum of 4 readings, determined by a set of quantitative
numbers ranging between 0 and 25. API: 1, 50 biochemical tests. Sum of 4 readings, determined
by a set of numbers ranging between 0 and 16. API: 2, 50 biochemical tests, read once after 24 h,
determined as positive or negative (biotyping). API:3, the 26 for E. coli most discriminating
biochemical tests, analysed as API:1. API:4, 22 biochemical tests, analysed as API:2. For
further description, see Materials and Methods.

Table 3. Discrimination power and accuracy assayed on 96 epidemiologically
unrelated E. coli strains

Typing system*

Discrimination
Resolution index
Variety (number of types)
Simpson's diversity index

Accuracy index

PhP-EC API:1 API: 2 API: 3 API: 4

0-350 0122 0195 0239 0-350
67 33 30 48 21
0-989 0-927 0946 0-966 0912
0-994 0-942 0-951 0-983 0-760

PhP-EC, 24 biochemical tests. Sum of 4 readings, determined by a set of quantitative
numbers ranging between 0 and 25. API: 1, 50 biochemical tests. Sum of 4 readings, determined
by a set of numbers ranging between 0 and 16. API :2, 50 biochemical tests, read once after 24 h,
determined as positive or negative (biotyping). API:3, the 26 for E. coli most discriminating
biochemical tests, analysed as API:1. API:4-22 biochemical tests, analysed as API:2. For
further description, see Materials and Methods.

The lowest reproducibility was obtained when API 50 CH was used as a
biotyping system, i.e. the tests were read only once and the results were coded as
+ or — (Method API:2 and API:4). One reason for this is that when using this
coding method, three tests, namely dulcitol, salicin and melbiose, were subject to
late fermentations (between 24 and 48 h), and gave 100% variation (between
positive and negative) in 2 out of the 12 isolates (data not shown). When using
biochemical fingerprinting analysis, the results from these tests varied only with
35% (between 3 and 8 units out of 17 possible), and the differences in the final
result did not affect the reproducibility to such an extent.

Discrimination power and accuracy of the typing systems
Ninety-six epidemiological unrelated E. coli strains were analysed. Table 3

shows that the PhP-EC system showed the highest discrimination, with regard to
variety, resolution and diversity, and also the best accuracy. Biochemical
fingerprinting with the API 50 CH system using 50 tests (API: 1) had a low
resolution index and diversity index, whereas if only the 26 most discriminating

J
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(c)

Fig. 1. Dendrograms obtained from UPGMA-clustering of 96 epidemiologically
unrelated E. coli isolates. Five different typing methods were used, (a) PhP-EC (24
biochemical tests, sum of four readings); (b) API: 1 (50 biochemical tests. Sum of four
readings); (c) API: 2 (50 biochemical tests, determined as positive or negative); (d)
API:3 (26 biochemical tests. Sum of four readings); (e) API:4 (22 biochemical tests,
determined as positive or negative). The identity level for each method is represented
by a horizontal line in the dendrogram.
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tests were included (method API:3) all measures of discrimination capacity
increased. Biotyping (methods API:2 and API:4) yielded poor discrimination,
due to the low reproducibility and the correspondingly low identity level.

Clustering of isolates
The similarity matrixes obtained from analysis of 96 independent isolates

according to the PhP-EC system and the API 50 CH system, methods 1—4, were
clustered by the UPGMA method [16] (Figs. la-e). The dendrograms thus
obtained clearly visualizes the effect of the identity levels and the resolution on the
discrimination power of the typing methods. Using the PhP-EC system, 16
different phenotypes containing more than one isolate (C-phenotypes) and 51
single phenotypes were found at an identity level of 0-967 (Fig. la). Using
biochemical fingerprinting with the API 50 CH system and the 26 most
discriminating tests, (method API: 3), 15 C-phenotypes and 33 single isolates were
found (Fig. Id). Of the 45 isolates which fell into C-phenotypes using the PhP-EC
system, 35 fell into identical groups using method API: 3. The cophenetical
correlation coefficient between the similarity matrix obtained from the PhP-EC
system and API:3, respectively, was 0-785, indicating that both methods yield
very similar correlation matrixes.

DISCUSSION

When using traditional typing methods, like phage-typing, sero-typing, colicin-
typing etc., the bacteria are only assigned to a specific type, but no information
is yielded about the relation between different types. By using typing systems
based on several properties and numerical identification methods, it is possible to
get an estimate on the overall similarity between different isolates. Modern typing
methods based on electrophoreograms of cell components or chromatograms of
metabolites, as well as most biochemical typing systems, give results which may
be analysed by the aid of numerical methods such as those proposed here.

In the present study, we have used five variables to evaluate biochemical typing
systems, namely reproducibility, accuracy, resolution, variety, and diversity.
In order to measure these variables, it is necessary to use a collection of
epidemiologically unrelated strains, and to make some duplicate assays.

The reproducibility determines the identity level and is therefore the basis for
the other variables. Ideally, the reproducibility should be one, i.e. duplicate assays
should give identical results, but unfortunately this is not the case. By applying
numerical variables it is possible for each assay to calculate the reproducibility,
i.e. the mean similarity between duplicate assays, and to give a statistical measure
of the identity level. In the present study we have used the mean reproducibility
minus 2 x SD. Since the discrimination power has been calculated from results
obtained from assays performed at different occasions, the reproducibility was
also calculated from inter-assay analysis.

The resolution index, calculated as one minus the mean similarity coefficient
among all isolates in a population (rmean), is a valuable tool to design an optimal
test set for a particular group of bacteria [14]. It expresses the total discriminatory
potential of all reagents included in the set. If reagents giving identical values for
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all isolates are included in the set, the resolution index will decrease. An optimal
test set should only contain those tests which give a good discrimination, and of
course a good reproducibility, for the group of microorganisms to be studied. This
is clearly shown when methods API: 1 and API :3 are compared (Table 3), where
the resolution index, the variety, the accuracy and the diversity are increased by
omitting those tests which show low variation among different isolates.

We have earlier used r mean to describe the homogeniety of a studied population,
and whether any epidemiological relations seem to exist in the population [18-20].
We found that populations of unrelated E. coli strains always showed a
homogeniety of c 065 when the PhP-EC system was used. The same homogeniety
was also found in the population of 96 isolates studied here.

Variety is another measure of the discriminatory power. The theoretical variety
is the number of types which may be determined, using the actual typing system.
For biotyping, e.g. this number is 2T, where T is the number of tests used. For
biochemical fingerprinting the theoretical variety is almost infinite. The actual
variety is only relative, i.e. it expresses the number of types found in a particular
study, and is only of interest for comparisons of different typing systems using a
certain population.

The diversity index is a measure of the distribution of the bacterial isolates into
different types. It measures the probability that two randomly selected isolates
will be assigned to different groups. An advantage of the diversity index is that it
can be used to compare all kinds of typing systems, like e.g. serotyping and phage-
typing [17], phage-typing and biotyping [21] or serotyping and biochemical
fingerprinting [14].

Another measure is the stability of the typing system. A typing system should
measure properties of the bacteria which are stable during an epidemic outbreak,
but which differ between different clones of bacteria. Biotyping systems normally
measure properties which are stable among E. coli strains [22]. Some typing
systems, like e.g. plasmid typing, measure characters which are more easily
subject to changes during an outbreak. With the PhP-EC system we have
evaluated the stability of E. coli phenotypes over long time periods [18], upon
geographic spread [19], and during storage and subculturing [23], and found that
the phenotypes in most cases were stable.

In the present study we have used the above measures to compare biotyping and
biochemical fingerprinting of E. coli , and to compare biochemical fingerprinting
of E. coli using the PhP-EC and API 50 CH system.

The two typing systems showed a high interassay reproducibility when speed
and intensity of the reactions were evaluated together (biochemical finger-
printing). Biotyping with the API 50 CH system yielded poor reproducibility,
mainly because of variations in certain test results after 24 h incubation.
However, those tests results which varied between + and — after 24 h incubation
for duplicate assays of an isolate, usually were due to late fermentation reactions.
When using quantitative coding of these tests [0-16] they were normally assigned
values between 3 and 8, yielding a maximal error in that particular test of 35%,
whereas in biotyping one variation step in a test result means an error of 100%
in that particular test.

With regard to discrimination, the PhP-EC system was superior to the other
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methods. This can partly be explained by the fact that API 50 CH is not mainly
designed for typing of E. coli, but is a more general system for studying the
metabolism of carbohydrates by Enterobacteriaceae. The API 50 CH contains
several reagents which do not discriminate E. coli strains. The results from those
reagents increased the overall similarity between non identical isolates, and
reduced the resolution capacity of the system. For the further analysis, tests with
low variation among 96 independent E. coli isolates (standard deviation lower
than 1-0), were excluded. Using the remaining 26 tests, the number of phenotypes
in the material increased from 33 to 48.

PhP-EC, on the other hand, is specially designed to discriminate between
different E. coli clones. The high reproducibility and resolution capacity of the
PhP-EC system is mainly due to two things. Firstly, the evaluation of the test
results is done objectively, with an optical reader, so that errors due to subjective
judgements of colour nuances do not occur. Secondly, the reagents used in the
PhP-EC system have been carefully selected by assaying several thousands of E.
coli isolates with different sets of reagents, and only those reagents showing a high
reproducibility and a high inter-strain variation for E. coli were included in the
system.

Biotyping with the API 50 CH system yielded poor discrimination of the
isolates, much depending on the poor reproducibility. In this case, elimination of
those tests which were not discriminating for E. coli did not improve the
discrimination power, although the resolution index was increased. This is because
the identity level has to be correspondingly decreased, when tests yielding
identical results for all strains, and thus have 100% reproducibility, are
eliminated.

In traditional biotyping systems, the reproducibility is normally not considered
when assigning an isolate to a specific biotype. The number of biotypes found in
this material of 96 isolates was 63 using methods API: 2 and API: 4, and assuming
an identity level of 1-000. However, since the reproducibility assay showed
variations in certain tests, many isolates which were identical would have been
assigned to different biotypes using traditional biotyping.

In conclusion, for typing purposes the performance of the API 50 CH system
may be greatly improved in two ways. Firstly, by using results from several
readings and coding them quantitatively, and secondly by using only those tests
with a high discrimination for the group of microorganisms studied. However, it
was not possible to achieve such high reproducibility and discrimination as with
the PhP-EC system, which as been especially designed for biochemical
fingerprinting of E. coli.
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