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Abstract

A system is described which combines practical and
theoretical concepts into a workable system for the routine
and simultaneous identification of large numbers of
Aeromonas isolates and members of the Family Entero-
bacteriaceae. The identification method is based on
computerized determination of conditional probabilities of
two-state characters, using estimations of likelihood
rather than Bayesian probability. The multipoint inocula-
tion procedures used, coupled with small quantities of
media in non-disposable racks and vials, reduce the costs
considerably below those of commercially available multi-
test single inoculation systems. The reliability of the
systemn, determined for a range of hospital isolates,
approaches 90%, and with isolates from water the
accuracy approaches 100%..

Chapter 1 describes theoretical and general ap-
proaches. Chapter 2 deals with operation of the particular
system.

Résumé

L'étude actuelle décrit un systéme, synthése de la
théorie et de la pratique, qui permet I'identification
courante et simultanée d'un grand nombre d’isolats
d’Aeromonas et des représentants de la famille des
entérobactériacés. La méthode d’identification se fonde
sur la détermination par ordinateur des probabilités
conditionnelles de caractéres dichotomiques, & I'aide de
données estimatives de vraisemblance plutét qu’a la
probabilité bayésienne. L’utilisation des techniques
d’ensemencement dispersé et de petites quantités de
milieux de culture dans des tubes a essais et des portoirs
réutilisables réduit les colts bien en-dessous de ceux des
dispositifs commerciaux d'ensemencement a usage
unique applicables a plusieurs épreuves. Le systéme est
shr, dans le cas d’une série d’isolats provenantd’hdpitaux,
a prés de 90%, et l'exactitude atteint presque 100%
lorsqu‘il s’agit d’échantillons:d’eau.

Le chapitre 1 traite de la théorie et des généralités,
tandis que le chapitre 2 traite de | application du systéme.
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CHAPTER 1

A Computerized Scheme for the Identification of
Aeromonads and Members of the Family

Enterobacteriaceae

INTRODUCTION

The simultaneous development of computer techni-
ques and the application of a variety of mathematical
disciplines has made fairly routine numerical taxonomic
techniques possible (Sneath, 1957a, 1957b; Sokal and
Sneath, 1963; Sneath and Sokal, 197 3). More attention
has been given, however, to problems of classification
rather than to those of identification. ldentification,
following logically after classification, presupposes that
individuals similar to those to be identified have been
characterized and thoroughly described. This supposition
is more true in some aspects of bacteriology (for example,
in medical bacteriology with a family such as the
Enterobacteriaceae) than in others (for example, in
environmental bacteriology). In the latter, taxonomy is still
at the stage of classification where organisms are being
characterized and described. Where sufficient information
is-available concerning the characteristics of specific types
of organisms, however, mathematical identifications of
certain unknown organisms are a real possibility. While
any calculations could be carried out manually, the greater
processing speed and reliability of a computer are a
definiteasset.

In certain aspects of aquatic bacteriology, the routine
identification of relatively large numbers of some members
of the family Enterobacteriaceae has become increasingly
necessary. The development of a reliable and time -saving
system, which can accommodate a large number of
individuals, is considered here. The system presented is
neither unique nor does it take into account certain
combinations of events which could render some identifi-
cations dubious. Rather, it was designed to combine
practical and theoretical concepts into a workable system
which fulfilled a particular need and which could serve as
the starting pointfor a more refined system if required.

GENERAL CONSIDERATIONS

The objectives of any identification scheme are ease
and certainty of identification (Davis and Heywood,
1963). In the present study, identification is regarded as
an entity entirely separatie from classification (that is, the

delimitation of classes, clusters or taxa) and not as
synonymous with it as often occurs in statistical usage
(Sneath and Sokal, 1973).

For the numerical identification of bacteria, several
possible lines of approach have been suggested (Beersand
Lockhart, 1962). Numerical classifications (Sneath and
Sokal, 1973) for each new isolate can be carried out, and
unidentified strains compared with previously constructed
taxonomic groups using numerical clustering methods
(Quadling and Coiwell, 1964; Gyllenberg, 1965). Such
an approach is, however, time-consuming and expensive
in terms of media, but will certainly be of use in
determining the value of individual test criteria. Another
approach is to construct mathematically monothetic or
polythetic sequential keys and to use these to replace
conventional keys. Rypka et a/. (1967) and Rypka and
Babb (1970) have described the mathematical models
used initially to determine the most desirable tests for use
in these keys. Strains-are then identified by comparison of
their test results, obtained by conventional methods, with
those expected for each taxon. This results in a reduction in
the number of tests required for identification but does not
decrease the chances, inherent in intuitive identification,
of misidentification of strains aberrant in one or several
characters. An alternative method is to weight certain
characters for identification (discriminant analyses;
Sneath and Sokal, 1973). Sokal (1965) listed examples
of the use of some such analyses in taxonomy, and new
discriminant methods have been suggested by Hall
(1968) and Saila and Flowers (1969). The value of such
analyses lies primarily where identification is required for
organisms belonging to relatively few overlapping taxa.

Consideration of the theoretical problems encountered
in the identification of bacteria indicates that they are
similar to the problems encountered in medical diagnoses
(Ledley and Lusted, 1959). Here, records of previous
cases are used to estimate the probability of a particular
disease being present by means of a specific set of
symptoms or test results. The disease with the highest
probability is diagnosed and the value of the probability
indicates the reliability of the diagnosis. A review of such
methods has been given by Boyle et al. (1966). For
bacterial identification, the unknown is compared in turn



with all the taxa being considered with the aim of obtaining
an unambiguous identification with one of them in a single
step. In such an approach there is a decreased likelihood of
gross error if a single test is read incorrectly. In such
simultaneous keys, any resemblance measure can be used
to assess the best match. Cowan and Steel (1965) and
Corlett et al. (1965) chose the number of agreements for
two-state characters. Gyllenberg (1965) and Gyllenberg
and Rauramaa (196 6) considered each taxon to occupy a
definite volume in A-space, an unknown being identified
with the taxon closest to it. Considerable success has been
achieved in bacterial identification with a method based on
conditional probabilities of two-state characters (Beers
and Lockhart, 1962; Dybowski et a/., 1963; Dybowski
and Franklin, 1968; Lapage et al.,, 1970; Lapage et al.,
1973). Willcox et a/. (1973), Bascomb etal. (1973) and
Friedman et al. (1973) have described identification
methods based on Bayes’ theorem (Uspensky, 1937), or
derivations from it, as applied to both aerobic Gram-
negative rods and to members of the family Enterobacteri-
aceae. Such an approach, however, requires the use of
prior probabilities in diagnosis and identification; the use
and estimation of these appears controversial (Lipkin,
1964; Boyle et al., 1966). The method used in the
present study is based on estimations of likelihood rather
than Bayesian probability, and is similar to the method
used by Dybowski and Franklin (1968) as applied to
members of the family Enterobacteriaceae.

MATHEMATICAL THEORY (DYBOWSKI AND
FRANKLIN, 1968)

From a total of N strains of a certain bacterial type, the
conditional probability of obtaining a particular result, r.,

inaparticular test, t,, by N, of the bacteria tested is EL .

Similarly, using the same N organisms for a second
test, t,, in which another specified result, r,, is obtained,

. N )
the likelihood of this result isN—z. The likelihood that a

further strain of the organism will give the joint pattern r,,
N, N,
N

r,asresultsfor testst,, t, will be X

Such a relationship will hold true for further tests. If
testst,;t,.... . were performed on N established strains of
a given bacterium, and N, gave resultr, for testt,, N, gave
result r, for test t,, etc., the likelihood of obtaining the
pattern r, r, .... r, if the set of tests t,, t, ... t, is
performed on a further known strain of the organism, will
Ny No Ny

be N N N

Thus, given a known strain of the organism, the
likelihood of obtaining a specific test pattern can be
calculated. For identification purposes, individual likeli-

N, N,  Nm

hoods —-

will be stored in a matrix for each of
N N N

the t characters and for all taxa being considered.

The problems in identification are, however, not to
compute the likelihoods for known strains but to attempt to
obtain some estimate of likelihoods for unknown strains
and to compare them with the results previously obtained
for known strains. Fisher’s theory applied in the present
case (Kendall and Stuart, 1963) indicates that it is
necessary to compute the likelihoods for the observed
pattern for each of the possibilities and then choose that
bacterium which gives the greatest likelihood. The
unknown is compared with each taxon in turn, the
individual probabilities being multiplied together for as
many characters as are available to give the joint
likelihood. Such considerations will hold true as long as all
tests are statistically independent (that is, the outcome of
any test is unaffected by the outcome of any other).

If a small number of tests are used, problems can arise
when assuming that joint probabilities or likelihoods are
comparable even when they apply to different popula-
tions. Dybowski and Franklin (1968) attempted to
overcome this problem by usinga modal likelihood fraction
for each suspect. This method endeavoured to obtain an
estimate of the likelihood of obtaining a given set of results
as compared to the maximum likelihood possible for any
one taxon. However, the use of a relatively large number of
tests, selected for their differentiating value for all the
known organisms considered, seems to make such
estimates unnecessary.

The use of a relatively large number of tests for the
calculation of joint likelihoods does result in greatly
decreasing values as the number of tests is increased. To
avoid working with extremely small joint likelihoods, these
are most conveniently scaled so that the maximum for any
particular set of suspects has a value of 1, this being
regarded as the relative likelihood.

METHODOLOGY

The organisms for which it was considered necessary
to produce an identification scheme are listed in Table 1. In
certain cases, test results obtained at two temperatures
(22°C or 37.5°C) can be used for identification purposes;
they are also indicated in the table. These organisms, with
the exception of Aeromonas, belong to the family



Enterobacteriaceae. The Aeromonas species (including
the C27 organisms; Ewing et al., 1961) were included
here because of their repeated occurrence in certain lake
water samples and their appearance on some media used
to select for coliforms.

Two methods are available for the selection of testing
criteria for use in identifying these organisms. A minimum
number of tests can be used which will allow discrimina-
tion between many types to be identified, but which will
need additional confirmatory tests in certain cases. Lapage
et al. (1970) and Friedman et al/. (1973) describe
procedures that give an identification score or scores and
that also suggest additional discriminatory tests. Alterna-
tively, a larger number of tests can be used, allowing good
identification of all unknowns likely to be encountered
without the need for additional tests. In the present study,
where comparatively large numbers of isolates were to be
identified at any one time, it was considered more practical
to take the second'approach.

In order to generate the matrix of probabilities used in
the identification system, knowledge is required of the

Table 1. Taxa included in the identification scheme.

1. Escherichia coli 18. Enterobacter aerogenes

2. Alkalescens-dispar 19. Enterobacter hafniae 37°C

3. Shigella dysenteriae 20. Enterobacter hafniae 22°C

4. Shigella flexneri 21. Enterobacter liguefaciens
37°C

5. Shigella boydii 22. Enterobacter liquefaciens
22°C

6. Shigella sonnei ) 23. Pectobacterium 37°C

7. Edwardsiella tarda 24. Pectobacterium 22°C

8. Salimonella cholerae-suis 25. Serratia spp.

9. Salmonella typhi 26. Providencia alcalifaciens

10. Salmonella enteritidis 27. Providencia stuartii

11. Salmonella spp. 28.. Proteus vulgaris

12. Arizonia hinishawi 29. Proteus mirabilis

13. Citrobacter freundii 30. Proteus morgdiiii

14. Klebsiella pneumoniae 31. Proteus rettgeri

15. Klebsiella ozaenae 32. Aeromionas spp.

16. Klebsiella rhinoscleramatis 33. Aeromonas salmonicida

17.. Enterobacter cloacae 34. C27

reactions.of many representatives of the known organisms
in all the tests being considered. Where adequate
information is available in individual laboratories, it can
serve to generate such a matrix. An alternative is to draw
upon the large amount of information contained in the
literature. The use of such data is valid if the testing
conditions remain comparable. For the members of the
family Enterobacteriaceae considered here, the data
compiled by Edwards and Ewing (1972) were used, and
for the aeromonads, the data of Ewing etal. (196 1).

Examination of this data indicates that almost all
Enterobacteriaceae and Aeromonas species considered
here can be identified by the tests listed in Table 2.
Friedman et a/. (197 3) found that a similar list accounted

Table 2. Tests used in the identification scheme.

1. Indol production 17. Acid production from

sucrose
2. Methyl red test 18. Acid production from
mannitol
3. Voges-Proskauer test 19. Acid production from
dulcitol
4. Citrate utilisation 20. Acid production from
salicin
5. Hydrogen sulphide 21. Acid production from
production adonitol
6. Urease production 22. Acid production from
inositol
7. Potassium cyanide 23. Acid production from
tolerance sorbitol
8. Motility 24. Acid production from
arabinose
9. Gelatin hydrolysis 25. Acid production from
raffinose
10. Lysine decarboxylase 26. Acid production from
production rhamnose
11. Arginine decarboxylase 27. Oxidase production
|production
12. Ornithine decarboxylase 28. Growth in MacConkey’s
production medium at 37.5°C

13. Phenylalanine deamination 29. Fermentative. in glacose O/F

14. Malonate utilisation 30. Catalase production
15. Gas production from 31. Nitrate reduction
glucose

16. Acid production from
lactose




for 99.4% of all procedures used in their laboratory for
identification of a similar list of organisms. The list given in
Table 2 also includes certain tests (28-31) that are used,
not to discriminate between members of the family
‘Enterobacteriaceae or the aeromonads but to confirm that
organisms to be identified do not fall outside of these taxa
and so render the identification scheme ineffectual. These
latter tests are not used, however, in the final calculations
of joint probability values.

For the above system to function adequately, only
organisms thought likely to be similar to those for which
probabilities are already available can be considered.
Some initial screening of organisms is, therefore,
necessary to ensure that these conditions are met. The
tests used for initial identification of Enterobacteriaceae
and Aeromonas-are given in Table 3.

In the present system, thisscreening can be conducted
in twoways. (1) Organisms to be identified are put through

Table 3. Screening procedures used for initial identification .

Aerobic growth on
MacConkey’s mediam
at 37.5°C

+ -
Catalase produced
+ -

Fermentative in
glucose O/F

+ -
Nitrates reduced
. + i
Oxidase produced
+ -

Aeromonas Enterobacteriaceae

the screening tests and only those fulfilling all the above
requirements are then included in the identification
scheme. This approach is chosen when there is no “a priori’
evidence to indicate that a large percentage of the
individuals are either Aeromonas or Enterobacteriaceae.
(2) Where there is evidence to indicate that the organisms
concerned are highly likely to be members of the
Enterobacteriaceae or Aeromonas [if, for example, they
have been previously screened and need a confirmatory
diagnosis, or if they have been isolated on certain selective
media, such as m-FC agar (Difco) or m-Endo agar LES
(Difco), and require further identification], organisms are
simultaneously put through both the screening tests and
the identification tests. Allowance is made for both
approaches in the final analysis (see below). By using the
two series of tests in this way, routine identification of a
large number of organisms presumed to be Enterobacteri-
aceae or Aeromonas is possible without the need for
prescreening. Such screening tests (27-31) are also
included in Table 2.

For the above species and the test reactions 1-27, the
literature was searched to determine the relative number
of times each test result was found to be positive. The 34

* species and 27 tests were established as the boundaries of

the data base. In this way it was possible to obtain
probabilities for 304 of the 918 (27 testsx 34 taxa) entries
in the data base. In the 14 cases where no data were
available, or the available data were inadequate or
incomplete, the entry was assigned a value of 9.999 and
ignored in all subsequent calculations. The limits of
individual probability values, theoretically set at 1
(positive in all cases) and O (negative in all cases), were
changed to 0.999 and 0.001 in the present study. The
reasons for this were that the inclusion of a test result with a
zero probability in a test pattern would automatically
eliminate the species in question, even if a perfect match
was obtained in all other test results. It is probably
undesirable to eliminate a possible identification solely on
the basis of a single test result because (i) if data were
gathered from a larger sample of bacteria of a particular
species, one result might have been positive (or vice
versa), and (ii) the test on the isolate being identified might
have been misread.

All tests were assumed to have only two states (P .
j = positive finding or j = negative finding). The
probability of a negative finding for test ‘i’ for species 'n’

was calculated from:

j = positive j = negative
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16 0,309 0,932 0.714 0,943 0,084 0.003 0.038 0,000 0.015 0.000
17 1,000 9.929 0,743 1.000 0.997 0.872 0,918 0,947 0.822 0.039
18 1.000 1.000 0.871 $.063 1,003 0.022 0,146 3.006 0.009 0,000 |
—19 0.000 9,999 0,000 0.000 0.000 0.Ga0 0.000 9,000 0.000 0,060
20 1,000 9,993 0.744 1,008 0.986-0.009 0,019 04691 0.306 0.000
21 0.117 9.9%9 0.000 0.000 0.719 0.947 0.038 0,005 ¢.000 0.000
22 0.985 0.979 0.157 0.057 0,867 0.006 1,009 0,0J0 0.000 0.000
23 0.970 9.9929 0.028 0.014 1,000 0.012 0.443 3,000 C.000 0.000
24 0,926 0.946 0.71% 1.000 0.000 9,014 0,083 8,000 £.000 0,000
25 0.897 0.981 0.685 0,971 0.029 0,020 0.078 0,060 4.070 0,000
26 0,000 9.999 0.700 04857 0,643 0,013 0.000 0,094 0.015 0.000
27 0.000

0.000 0,000 0,000 0,000 0,000 0.030 4.00u 0.000 0.000

3.219
0.948

1.800
0.971
0.000
0.000

.29 .. .30 .

1,843 0,917
0.933 ¢.94S
8.0G0 0,245
0,989 0.759
0,639 7,000
1,530 9.000
8.967 0.490
0.94% 1,000
2.023 0,980
0.000 0.050
2.630 0.868
0,600 9.020
3.978 0.209
8.012 0,000
34122 D.493
0.100 0.313
04706 0.910
0.885 0.99%
0.500 0,090
0.366 0.627
0.865 0,000
0.973 3,000
0.108 0.10%
0.000 0,648

0,095 0,620

0.673 0..015
0.660 1.080

M 32

L33 34
QeGUd 1a0uk
1..090 1.0(¢C
G000 Colid
04040 Geuul
0«032 Go003

04008 €.008

06008 OJavlt
0.G05 0.869
1.005 2600
0.198 1.0060
oG G.9890

0,000 G.480

0.381 0.445
0.000 0.000
14036 0.500
0.000 0.920
0,033 Co0€D
1.003 G400
1.000 70,563
0.952 0.340
De000 0,008
04000 0.G00
8.000 0.060
1,000 G.G00

0286 Gaaud

0.00C 0.000
1.000 2.040




The matrix showing the probabilities of obtaining
positive values (j = positive) for all test organisms in the
complete series of testsis givenin Table 4.

Because of the importance of the screening tests (Table
5) in the identification scheme (Edwards and Ewing,
1972; Ewing et al. 196 1) they were treated differently
from the remaining tests.

Table 5. Special case characters for inclusion in the identification

scheme.
Theoretical Maximum Positive
Probability Values
Enterobacteriaceae Aeromonas
27. Oxidase production 0 1
28. Growth in MacConkey’s medium I 1
29. Fermentative in glucose O/F i 1
30. Catalase production 1 1
31. Nitrate reduction 1 1

Examination of the theoretical maximum probability
values for tests 28-31 shows that, although of prime
importance in separating the organisms under considera-
tion from other organisms, they have no differentiating
value among the organisms under study. Inclusion of
these probabilities in the calculation of joint likelihoods will
result only in an overall decrease in the magnitude of any
joint likelihood as the number of individual probabilities is
increased. For satisfactory operation of the identification
scheme, however, individual test results for each of these
characters should be positive. Even so, the chances of a
misread test still apply and complete exclusion of an
organism from the.scheme purely because of the result of a
single test, albeita ‘key’ test, shou!d probably be avoided.

Either positive or negative values occurring for these
characters (28-31) result in computation of the joint
likelihoods of characters 1-27, although the latter are not
used in this calculation. However, if a negative value
occurs for one of the characters 28-31, provision is made
for additional computer output which indicates that
disparity has occurred in a key feature (or features) and
should be checked. Similarly, if no data are available, the
output will indicate that the information available is
inadequate for an acceptable identification.

Oxidase production, which is used as both a screening
test and a differentiating test, is included in the calculation
of joint likelihoods, but where a positive value is assigned,

additional output indicates that this test is positive and that
the organism is not amember of the Enterobacteriaceae.

For each unknown, the computer program is able to
produce a list of joint probabilities and relative joint
probabilities for each taxon considered, a list of characters
in which the unknown differs from the taxon to which it
appears most similar, plus the qualifying statements listed
above. Complete program description is given in
Appendix 1.

TESTING OF ISOLATES

If identification procedures are to be employed on a
routine and time-saving basis using a large number of
organisms, it is desirable thatall inoculations be performed
simultaneously. In addition test results should, if possible,
be recorded at one time. Because of the necessity for
varying incubation periods the latter is rarely feasible. For
inoculation, however, any technique can be used, but
where there are large numbers of organisms involved, a
multiple inoculation procedure appears desirable.

in the routine procedures used in the author’s
laboratory, organisms are obtained in pure culture and
either screened according to the above scheme or, where
their probabilities of being Enterobacteriaceae or Aeromo-
nas are high, tested for purity only. Organisms are then
transferred into nutrient broth or tryptic soy broth in
capped vials contained in racks of 105 (Lowe, 1974) and
incubated for 24 hours at 37.5°C. These are then used as
initial inocula for the inoculation of the test media, all
media being inoculated at one time. A list of media and
incubation periods used, based on the data of Edwards and
Ewing (1972) and Ewing et a/. (1961), is given in
Table 6.-All tests are read at the times indicated. Acid
production from the range of carbohydrates should be
checked daily from 48 hours to 4 days. The methods
used are given in greater detail in Chapter 2.

DATA RECORDING

The test results are recorded as either + (1) or - (0) in
tabular form such that transfer to computer cards may be
carried out in the most simple fashion. Calculation of joint
likelihoods is then carried out by the computer. Details of
thisare given in Chapter 2.

APPRAISAL OF METHODS

Toassess the usefulness of the system described here it
is necessary to obtain some estimation of the speed and




Table 6. Methods used for the identification of Enterobacteriaceae and aeromonads.

» » Incubation
Test Media Time Test Reagent/Notes

Indol Tryptone water 48 hr Kovacs

MR Difco MRVP mediuim 4 days Methyl red solution

VP Difco MRVP medium 48 hr 5% o-napthol in absolute alcoﬁol
40% KOH

Citrate Difco Simmons citrate 48 hr - 4 days After inoculation, replace lid with
sterile cotton wool

H,S Difco TSI medium 48 hr After inoculation, replace lid with
sterile cotton wool

Urease Difco broth base 48 hr - 4 days After inoculation, replace lid with
sterile cotton wool

KCN Edwards et al, 1956 48 hr

Motility Difco motility S 24 hr - 4 days

at room temp.

Gelatin NA broth charcoal gelatin capsules 4 days

Lysine Difco d,ecarboxyl_asve base 4 days Oil after inoculation

Arginine Difco decarboxylase base 4 days Oil after inoculation

Ornithine Difco decarboxylase base 4 days Oil after inoculation

PA Difco PA agar 24 hr 13% w/v ferric chloride

Malonate Difco malonate broth 48 hr After inoculation, replace lid with
sterile cotton wool

Glucose (Gas) 1% Andrades 48 hr - 4 days

Lactose 1% Andrades 48 hr - 4 days

Sucrose 1% Andrades 48 hr - 4 days

Marinitol 1% Andrades 48 hr - 4 days

Dhulcitol 1% Andrades 48 hr - 4 days

Salicin 1% Andrades 48 hr - 4 days

Adonitol 1% Andrades 48 hr - 4 days

Inositol 1% Andrades 48 hr - 4 days

Sorbitol 1% Andrades 48 hr - 4 days

Arabinose 1% Andradés 48 hr - 4 days

Raffinose 1% Andrades 48 hr - 4 days

Rhamnose 1% Andrades 48 hr - 4 days

Oxidase NA plate 24 hr 1% para-aminodimethylaniline HC]
1% o-naphthol in 95% ethyl alcohol

Catalase NA plate 24 hr Hydrogen peroxide

Glucose O/F Difco O/F basal medium 48 hr - 4 days Set up x 2. Oil one set after inoculation

Nitrate Potassium nitrate broth 48 hr 0.8% sulphanilic acid in § N acetic acid
0.5% a-naphthylaminein 5 N acetic acid

MacConkey’s MacConkey plates 24 hr

0.15% sodium tadrocholate
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accuracy of both the inoculation procedures and the tests
selected, and also of the identification program.

One hundred and sixty-three Enterobacteriaceae and
Aeromonas isolates were obtained from two hospital
laboratories (St. Joseph’s in Hamilton, and Joseph Brant
in Burlington). These strains were checked for purity in the
laboratory by streaking onto nutrient agar and then
inoculated, using the multipoint inoculation technique,
into each of the identification media. After incubation, the
results were read and recorded, then transferred onto
computer cards. Identifications were then carried out in
the laboratory by examination of the test data and
according to the schemes of Edwards and Ewing (1972)
and Ewing et al. (1961). These results, compared to the
identities given by the hospitals, were used as an
assessment of the adequacy of the multipoint inoculation
technique in conjunction with the array of tests selected.

To test the validity of the computer program, the
results were punched onto cards and the mathematical
identities obtained. These were then compared to the

identities given in both the hospital laboratories and the
author’s laboratory. The results are given in Table 7.

DISCUSSION

The system described here employs both multiple
inoculation techniques and computerized mathematical
calculations to produce a rapid and accurate identification
scheme. The multiple inoculation system allows rapid
transfer of large numbers of organisms within a short
space of time and also reduces considerably the quantities
of media normally used in conventional single incubation
transfer systems. Because of the re-usability of the racks
and vials, the cost per test is considerably less than
commercially available multi-test single inoculation
systems, such as the API (Analytab Products, Inc., N.Y.)
and the Improved Enterotube (Roche Diagnostics, N.J.)
systems.

The reliability of the system, as tested with a wide
range of hospital isolates, approaches 90%. However,

Table 7. Comparison of identification of isolates by a hospital laboratory, the author’s laboratory and by computer

No. of No. of Laboratory LD. Computer LD. Computer 1.D.

Organisms Organisms Compared to Compared to Compared to

Identified Identified Hospital LD. Hospital 1.D. Laboratory LD.

Taxon by Hospital in Laboratory
No. % No. % No. %

Escherichia 69 73 62 90% 61 88% 68 93%
Shigella 4 3 3 75% 3 75% 3 100%
Arizofia 1 1 1 100% 1 100% 1 100%
Providencia 4 3 3 75% 3 75% 3 100%
Proteus 22 22 21 96% 20 91% 21 96%
Enterobacter/ 13 18 10 77% 10 77% 16 89%
Pectobacterium
Citrobacter 5 7 5 100% S 100% 5 71%
Edwardsiella/ 8 7 7 88% 8 100% 7 100%
Salmonella :
Klebsiella 11 10 10 91% 9 82% 8 80%
Aeromonas 4 3 3 75% 3 75% 3 100%
Serratia 2 2 1 50% 2 100% 2 100%
Total 143 149 126 88% 125 87% 137 R%
Identified
Total 20 14 37 12% 38 13% 26 8%

Unidentified




with over 500 water isolates with a more restricted range
of taxa, the.accuracy of the system is close to 100%.

One great advantage of the system described here,

10

compared to intuitive identification schemes, is that single
aberrant results will not necessarily lead to a misidentifi-
cation. In addition, the system eliminates personal bias
and provides completely reproducible identifications.

a



CHAPTER 2

Practical Considerations for the Identification of Members
of the Family Enterobacteriaceae and Aeromonads

ISOLATION AND PURIFICATION

Isolates to be identified can be grown and purified on
any suitable medium. If isolates are to be screened prior to
the calculation of joint likelihoods, they can be streaked
onto MacConkey's agar and incubated for a minimum of
24 hours at 37.5°C; this can be used as both a screening
test and to obtain pure cultures. Individual colonies.shouild
be picked from MacConkey’s agar and inoculated into
glucose O/F medium and nitrate broth, and streaked onto
nutrient agar or other suitable growth medium for
determination of catalase and oxidase production. All tests
should be carried out at 37.5°C; for times of incubation see
Table 6. Organisms which grow on MacConkey's agar, are
fermentative in glucose O/F, reduce nitrate, produce
catalase and do or do not produce oxidase can then be
subjected to the identification tests.

Where organisms have been isolated from media
selective for coliforms, for example, m-FC agar (Difco), or
are considered highly likely to be Enterobacteriaceae or
aeromonads, they should be streaked onto suitable growth
medium (nutrient agar or tryptic soy agar) to test for purity
and then inoculated simultaneously into both the
screening and identification media.

PREPARATION OF INOCULA

Multipointinoculation racks (Lowe, 1974), with foam-
plugged sterile vials, each containing 2.5 ml! nutrient
broth, are used to prepare initial inocula. Organisms to be

-identified are picked from single colonjes growing on
purification plates and inoculated into the vials. It is not
necessary to label each vial. Each rack of 105 vials can be
oriented and identified by a label at one end of the rack;
vials then follow sequentially (in rows of 7) from left to
right. After the required number of vials have been
inoculated, the plugged vials are incubated at 37.5°C for
24 hours.

INOCULATION

Racks containing the identification media and, if
necessary, the screening media, are prepared (Table 6). In

addition, a rack of nutrient broth is included at the end of
each run to act as a control indicating that inoculation of
viable organisms has occurred. The compositions of the
media are givenin Table 6. '

The plugs are removed from the incubated vials, and
organisms are transferred to each of the test media, using a
multipoint inoculator. In this way, 105 organisms can be
transferred at any one time. The multipoint inoculator is
alcohol dipped and flamed between each transfer. After
inoculation, racks containing test media lysine, ornithine,
arginine and one set of glucose O/F are covered with
sterile mineral oil. The covers are removed from TSI,
urease, citrate and malonate and replaced with sterile
non-absorbent cotton wool. All test media are incubated
at 37.5°C for the periods given in Table 6. Glucose.Q/F and
glucose media should be examined at 24-hour intervals
for 4 days. All test reactions and media are given in detail
in Edwards and Ewing (1972). Oxidase and catalase
reactions can be performed after 24 hours, on the initial
purity plates (if nutrient agar or some similar non-selective
medium is used), on large plates of this medium inoculated
with the multipointinoculator or in vials of this medium.

RESULT READING

The test results are read (Edwards and Ewing, 1972)
and recorded as two-state characters (+ /- or 1/0) (see
Figure 1). This order must be followed, as it is the order
followed in the stored probability matrix. If data are not
available, an NC character (9) is recorded.

COMPUTATION

Prior to computation, the results are transferred to 80-
column computer cards (Figure 2).

Columns 1-3 inclusive are used as identifiers for each
isolate. All numbers are right justified; organism numbers
001-999 can be accommodated here. Columns 4-6
inclusive are used as card identifiers; in this program these
will always contain 001 (i.e. only one card is being used as
input for each organism). The test results {1-31) are then

11




accommodated in this order by colimns 7-37 inclusive. If

These are:

no data are available, or an NC character has been — it
recorded on the data record sheet, character 9 is used. All ThdoT 7
columns from 7 to 37 inclusive must contain either 0, 1 or R Z
9; any other characters cannot be accommeodated. v 3
Citrate 5[
The program as designed contains several options. ;f;s(:s”' :
KCN
(1) Alltaxa, or only-a specified set, can be considered. Motility ;
(2) All characteristics, or only a specified set, can be Gelatin 9
considered. Lysine 10
(3) A probability matrix whose limits are set at 1.000 ::::::,T:e :; -
and 0.000, or whose limits are set at 0.999 and A 13] -
0.001, can be used. Malonate |14
(4) Discrepancy values (i.e., characteristics in which Glucose (gas)I5
an identified individual differs from a theoretical oo
perfect match with any taxa) will, or will not, be Hannitol |18
printed. Dulcitol 19
(5) For certain taxa, characteristics determined at 37°C salicin 20
or 22°C can be considered. ?::::?: :;
(6) Where NC values appear for certain characteristics s;;,;i,i:f:f T3 -
in the probability matrix, these can be ignored for Arablnose |24
all taxa in the calculation of joint likelihoods Raffinose 125 |
(reduced character set) or ignored only by those ;:?':::2’ 2';
taxa in which they occur (full character set). MacConkey's 128
) Catalase 29
The options required should be examined before Glucose O/F (30
running the program. Selection of options and running the (itrate I’T
program should be carried out in conjunction with the
author or Miss J. Dowell at CCIW. The program (LKLI) is Figure 1. Data sheet format,
included in the computer library at CCIW.
; m ‘?‘4
- e
{_I_* } -

iy

12

Co00000000000000000000000000000080C0000002000,
120345678 9101127318 1516 17181920 21222324 2526 77 78 29 3031 32 33 34 35.36 7 38.39 40 41 e
(ERRRRRERRE R R R R R AR R R AR AR R R R RRY’

22222222222222222222222222222222222222
33333333333333333333333333333333333331333y
44444444444444444444044444444444444284344444
5555555555555555555555555555555555555555 548
666B666666666666666666666666666666666666§
777171771171711012711211111111111111711711111
88888388888888888888888888888888888888888 )

9999999999999999599999919%9
9101112 13 14 1576 1718 1920 21 HABBD.

S0,

99999999
1234567138

AR
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COMPUTER OUTPUT

A sample output is given in Appendix 1. Under the
conditions of this program, the output will be returned
headed by the job identification (107LKL1) and, if the job
is successfully completed, ended by STOP 0777. If the job
is not successfully completed, JOB ABORTED will appear
on page 1, together with an indication of the nature of the
error. In such cases, the *'Master Control Manual’* shouid
be consulted.

The. special title given to the particular job being run
appears on page 2 of the output.

Page 3 indicates the numbers of characters and
families (taxa) being used, together with the probability
matrix under consideration. i

Page 4 lists the names and identifying numbers of taxa
included in the probability matrix. The characters for
which no data are recorded in the matrix are also given.
The identifying numbers are also used in the likelihood
listings given below.

Page 5 lists the characters used. Taxa for which no data
for specific characters are recorded in the matrix are also
indicated.

Pages 6 and 7 contain the probability array.

Pages 8 and 9 list the taxa being considered (either at
37°C or at 22°C) and the characters used in calculation of
the joint likelihoods. Special case characters (i.e., those

not used in calculation of the joint Ii',kelihood_s) are also
given if requested.

Page 9 onwards gives the identifications. In the
examples given here (appendix page 9 — onwards), there
is a relative likelihood of 1 of organism 001 occurring in
Family 14, K. pneumoniae (see appendix page 4).
Organism 002 has a relative likelihood of 1 of occurring in
Family 32, Aeromonas sp.; here, a positive oxidase is
indicated. Organism 003 is identified as Pectobacterium,
etc. '

For each organism, the isolate number is given,
followed by the list of characters used as input for that
organism. The sequence of characters is as on the input
card. Next is a listing of a maximum of five characters; if
any, or all, of these occur, itindicates that organisms differ
in these characters from the expected reactions of
organisms considered to be aeromonads or
Enterobacteriaceae.

Following this is an indication of whether a full or
reduced character set was used.

The identifications are then listed. Each family (taxa)
has an identifying number (as given on page 4 of the
program output) below which is listed a likelihood and a
relative likelihood value. The taxon to which an unknown is
most likely to belong will have a relative likelihood of 1.

If reduced character sets or discrepancy values are
requested, they will appear before consideration of the
nextunknown to be identified.

13
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APPENDIX 1a

Sample Program Without Discrepancy
Values Printed
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COMFZ 7771 2. 7TER T - T
CHAN=GL/S7/TiBES
FACILITIFS NCT USEN
Tiyrs ¢ . -

Page 1, sample program.
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Page 2, sample program.
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TCHANGE 1007 FROBABILITY VALUES ¥0 g99.9% "~~~ ™~
CHANGE 0%  FRCEARILITY VALUES TO W17 - B i
R L . o o B

Page 3,

sample program.
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—— e e R ARILY e 23 21 23 - 25 R Y R & S ¥ - S 26 38
LIKELTIHCCE Je4835-12 0e292E-14 0.2€61E-38 O UTEE~-18 0.22€E-20 9.128€-21 G+763E-23 0.822E-25 0.11SE=-22
E e Fil " 3 i 1756213 — D 864Enlb g TN ER-PRE J D22k 3-8 m1 r I=4r ¥4 28 S+ i4-55-E 18
FANILY: 3L . 32 - .. .32 3. . JER
LIKELIHCCC 0.405E~22 0.339€-13 0.116F-18 0.743E-21
— RELLIKELTROOD. - 0e1583=17 Q. 1306=d8. — LelthSE-LL 0e285E=16-. -
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LC

FUG TUE FAY (FARACTERISTICS T1J1705090115011999¢C0419101114

FULL CHARACTERISTIC SET

FAMILY 1 2 3 4 5 6 7 e <
o h LIKELTHOCT CebL7E=-DE UelSAE=T8 T DG2I2F-10 TT04931E-11 " 0.361E-09 T 0I6WE-DE ~ T.GBUE-ZS ) - «2B8SE=

REL.L IKELIHOOD Deb?772-02 vel22F-34 G.120€-06 0.720€=-07 0.27¢€E-35 0.,127E-02 0.355€-21 0.,1E7E-D6 0.223E-19
FAMILY 1 11 12 13 14 15 16 17 18

T UIRELTIATCD © 7TUUU2,L,75352039 [ L.621E-36 Ce612F=09 "~ 0.,129E-03F" "O0I7ZE-137 " "TeWiE-07 ~0.324%E-TS 0.21GE-07  TU.99cE-18

= _FEL.LIKELIHOOD  §.582Z-45S Ce481F-32  C.4736-05 1.4 0,133E-59 0e341E-G2 U250E-1E  0.1€2E-D3 0.767E-14
FAMILY 19 21 22 2% : 26 27 28 29 30

CIRELIROCT Te 355 1T T T UG TRES YT T TLIEIE U8 T UL 26%ESTT U.ITOVE-TE UeIZ8E-21 U.G56E=-25 Us7Z9E-19 U-395E=25

RELLLIKELIHOON 062745-0€  J.212E-yS O

T9E~-04 Ge204E-1t 0.774E-15 0.990E-18 0.353E-21 0.5€E3E~15 0.305€E-21

ForILY 32 32 32 34
T U TLTIKRELTINOON 0..3658-23 0.588E-13 0.496E-21 0.337E-25

RELLLIKEZLIKOGD 0.282€-19 UelSUE~UI 0.283E-17 J.2€61E-21

T BUGTO07 HAST T CHARACTERISTICS "S0117C9090G113611499992011S1C01111 T T e -

FULL CHARACTERISTIC SET

FAvVILY b 2 2 4 & 6 7 8 -3

T LTRELTHOTT T G.h18E-1C 0.1'3".':';110 0.273E-16 JeGIIE-17 e TEZE=L5 "UL1BAE=IZ 0.46IE-31 U, 2I7E-T6 T.290E=29
~ REL.LIKELIHOOOD Ge44sSr-nc OetlbE~L1 0.168E-13 Ce6T72E=-14 De2€1E-12 0.118E-09 0,332E-28 J.156E-13 G+«209E~26
FAMILY 12, 11 12 13 14 15 16 17 18
CIRFLIHUCT Te754FE=TS TeB2IE=T2 TeBTUE=18 "5 6EIE=09 UL ITEE-TIT . E= “SZHE= 0 = <JdSLE-
FELLLIKELIMOOD Be543E-12 Yo by SE-u 9 0elil2€-12 D .463E-56 0.82€EE-G9 0.285E-0¢ 9.234E-22 1.0 7 0.713E-09
FAMILY 13 21 23 = 26 27 28 2¢ 30
TTTTTUTRFLIMCCE T I SB1E~1C Cal12E-10 Ge127€-28 0.123t-14 0.201E-24 " OVI2BE=2Z27 " T IWGE=2T U ITEUE= 0 =
RELLLIKELIKOOOD GeldbE=-27 Je297E-37 G+917€-36 L.884E-12 De14CE-21 d.924E-25 Je248E-28 0.118E-18 0.850E-27
FAMILY 31 22 32 34
Tt " LIKFLIHCCC 90.2625=-27 Uel11E~-14 O+ 4C7E=27 " 8,.328E-31 - T T o m T e e

FELL.LIKELINOOD 4189724 U.eB90E=-12 0.3585-24 0.243E-28

RUG 00% RAS CHARACTERISTICS TIU0TITSUS0I0T 001999900 1Ie0IILLL = oo e e -
PCSITIVE CXIDASE - CONFIRM

FOULU CHARACTERISTIC SET ™

FAPILCY 1 r 4 T A 9 © T 14 k]
LIKELIHOCC 0.736E-39 Cel16BE-LT7 Cel44E-5 Usb18E-US 04419€-35 0.158E-U38 0.277E-27 J+2€8E-21 G.288E-14
RELLLIKELTIHOOD © © 0.1778-G2 © O «378E-02 1.0~ - 0.942E400  O0.,943E¥00 T O0TISSE=0Y 0T 2SE=22 0G0 3IE=1I6 059 YE=09
- T h TUFAWILY 13 . 11 R ¥4 i 13 14 B 18— T TLE P X AN 1T
LIKELIHCCC *e533E-17 Ge6U2E-13 C.884E-22 04208E-14 0. 441€E-19 Je151F-9¢ Ge323E-1€ 0.383£-18 0.11€E~28
REL.CTRECIFOOY U-12095=11 VeI3RE=TT 1.199F =16 T 4EBE=DS 199y E=1% IINIE=0N T T28E=TIT U< 8€2E=TLS 02 IE=es
CTTTRAWILY U TIg T -5 SR | o 2% R4 B -4 A< ] 2% 30
LIkELIHOCE D1 IWE-2C 2+295E-L4 Goely2€-18 0.3€1E-23 0.€E8(E-21 0.168E-17 Ue218E-24 vellgE=-24 0.195E-24
RECSLIKECTIFOOD  ~Yy43TE=15 ~ U .,664FE=-y9 0.9€5€-93 04814€-18 - 0:152€«15" 0.379E-12 it IGE=-19 - U2S2E~19 Ot 3CE~L——
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8¢C

.
—FarIty 3t 2 - 32 34 : S S
LIKELIHCCT Ce1385-24 C.797E-37 UehShE-L2 Go3E4E~-13
PELTTIKFCIND0D ITTSeTe TN ERTY tire—2e Ti819E=C8—

BUG "u° HA‘ rHAQACTEPIQTIC" v1l1a09¢ebiiv4119eccuiC1c161111

TUCL LHAARACT XTI STIU ST

ERPTLY o 1 2 3 . 4 5 R r - -

LIKELIKOCO Je3687-10 J«158E-39 0.,107E-12 Dot 28E-13 Ce1€EE-11 0.755E=-90¢ Ge153E-22 Ge241E-17 0.6(;65-30
TRELVUIKELTHOOD — 0 341€-08 ° TL.155€-03 U.108F~0¢ 0.420€-U7 0 1€3E-CS O TWIE-DF "~ 93ISUE=16" " 0W2IEE=LL CiGSIE=2Y
LS 40 2 Tty Tt P - 13-y 15 16 ry T8
LIKELIHOCD 0:125=~18 UelSCE-1T Ce239E~-11 UeB17E-UT 0e702E-13 0.392E-08 0.687¢t-18 U«1€6E-09 Ge2G3E-1T
"""" — FELLLIKELTHO0D Bi123E-32 - B4B8LE-YS 6+224€=-05- - 0.567€E=01 Be€ELEE=BT7  UiFBSE=02 6T IE-12 —Bv163E=0I —Cs287E~1t—

——— FANILY 19 21 23 25 e 2 & 28 2e- 39

LIKELIHOCC 34102835 Dl BE-10 CoGELE~DE 0.347E-21 0.116E-16 0.195€-24 0.369E-248 Ue772E-14 0.19SE-20

. Tt SE -t —H 5SS IEIE - 8 e IEEE- 15— G T IE vt 9RE—th——8: + A

_— o FAMILY- -3 - 32 3T 34 I —

LIKFLI‘HCCF 0.3662=-21 Ce771E-16 D.4cS5E~-18 J.E88E-27

——REL L TKELIHOOD - §,3585-15  G.756E-10  0.4B6E-12  ©.674E-21 T

2USG L1 HAS C‘I"A‘U\CTERIS'I’H:< 1110069091 2036149€GCL51164C95¢¢

——e NC OATA FOR MACCONKEY - CONFIRM S e
NO DATA FOR GLUCCSZ O/F = CCNFIRM
e .+ - - NC OATA FOR -CATALASE - CCNFIRM I S
NC DATA FOR NITRATE - CONFIRM
NG— AT FOR- ORIASSE —— —-—= EONFFRM - = oo -

FULL CHARAC'TEQISTIC ScT

FM’ILV 1 2 3 S 6 7 8 <
B & 3.4 = A S 52 S e e L e B e o e 3 e ) %%MGOE—H% £t £ -

REL.LIKELIPOOD 1ot CeluCE-u2 0.182E-45 0.121E -05 [t éiloE 36 0-3;10--.]9 0.19‘0E i5 04923E-16 0.,254E-16

FAMILY 10 11 1c 12 1‘! 15 16 17 18

—HIRELTHEOE - Gely5PE-16-  BeiiGE-12 64348E~18 - §.337E-22 - Ded01E-38 -~ d+FuSE—ti— - Ba324E~LS —&TGGEHS—OTG&HG—

FELLLIKELIFOOD d.175E-11 Ga432E-08 0\-133E-13 0.129€E-07 0.387€E-04 0.347E~-0€ 0e124E-14 Ue307E-13 0.285E-14

FAVILY 13 21 23 25 2¢ 27 28 2<% 34
LIKELIHECE -~ 0‘683‘-12 - Be€32E-34 - - Go2E2E-08 - 0 457E-18-- - 02226€E-20 —B+128E-2% T OUE~2T——0+9EIE-25— g
RELLLIXKELIFOOD «185F=-17 0.112E-u‘9 0.100€E-33 0.,i75€-13 O.BEQE 16 0.4915-17 0.292E~-18 J+3E3E-20 0.455E-18

FariLy 31 32 33 34

-2 8 +6Faib- —8 , 74 3E~18

REL.LIKELIFOO0D 0.155-17 0.130E-y5 0.445E-11 0.285€E-13

S 1 e & e LI AT . . . S
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APPENDIX 1b

Portion of Sample Program With
Discrepancy Values Printed



BUL T UJd1I HAS THARRTTERISTITS 0U09IUT909IvU0ITI9999IITIOIvITIIY

L€

DISCREPANCY AT CHARACTER 1 FOR FAMILY 30 BUG VALUE IS 0.0 PROBABILITY VALUE IS 0,999
DTSCREPANCY AT CHARACTER 1 FOR FAWMILY 31 BUG VALUE IS 0.0 PRUBABITITY VALUE IS 0999
DISCREPANCY AT CHARACTEFR 1 FOR FAMILY 34 BUG VALUE IS 0.0 PROBABILITY VALUE IS 0,999
T T DISCREPANCY AT CHBRATTER T 2 FOR FANMILY ™ 1 TBUG VALUE IS U.0 PRUBABILITY VALUE IS U 99S
DISCREPANCY AT CHARACTER 2 FOR FAMILY 2 BUG VALUE IS 0.0 PROBABILITY VALUE IS 0.999
UTSCREPARCY AT CHARACTER Z FOR FAWMITCY 3 BUG VATUE IS U.U PRUBPBICITY VALUE IS Ue 999
DISCREPANCY AT CHARACTER 2 FOR FAMILY 4 BUG VALUE IS 0.0 PROBABILITY VALUE IS 0,999
OTSCREPANCY "AT CHARACTER ~ 2 FORFAMILY ~~ — S5~ BUG VALUE IS 0% 0
DISCREPANCY AT CHARACTER 2 FOR FAMILY 6 BUG VALUE IS 0.0 PROBABILITY VALUE IS 0.999
T T'DISGREPANCY AT CHARACTER ~ "2 FOR FAMILY "~ 7 BUG VALUE IS U.0 PROBABICITY VALUE IS 0% 999
DISCREPANCY AT CHARACTER 2 FOR FAMILY 8 BUG VALUE IS 0.0 PROBABILITY VALUE IS 0.999
UTSCREPANCY AT CHARACTEK Z FUR FAPRILY g9 BUG VALUE IS U.U PROBABITCITY VALUE IS 0999
DISCREPANCY AT CHARACTER 2 FOR FAMILY 10 BUG VALUE IS 0.0 PROBABILITY VALUE IS  0.99¢
TTTUTTT U DISTCREPARNCY AT CHARACTER '~ 2 FOR FAMILY © "11  “"BUG VALUE TS o S D
NISCRZPANCY AT CHARACTEFR 2 FOR FAMILY 12 BUG VALUE IS 0.3 PROBABILITY VALUE IS 0.999
T T ' ~777 7" " DISCREPANCY AT CHARACTER . 2 FOR FAMILY 16 ~~ "BUG VALUE IS 0.0 PRUBABILITY VALUE IS 9,.,99¢
DISCREPANCY AT CHARACTER 2 FOR FAMILY 27 BUG. VALUE IS 0.0 PROBABILITY VALUE IS 3999
DISUREPARCY AT CHARACTER "~ 2 FOR-FAFILY 33 BUG VAL UE IS U0 FRUBREICITY VALUE IS LERAAE
DISCREPANCY AT CHBRACTER 2 FOR FAMILY 34 BUG VALUE TS .0.0 PROBABILITY VALUE IS 0,999
T TTTTTTTUUDTISURFPARCY AT CHARACTEFR U 4 FOR FAMILY 737 TTEUG VALUE IS 1.0 PRUBAFICITY VALUE IS U,
DISCREPANCY AT CHARACTER & FOR FAMILY 4 BUG VALUE IS 1.0 PROBARILITY VALUE IS .001
T T T TOTSCREPARCY AT CHARACTER S 4 FOR FAMILY 5 © BUG VALUE IS 130 PROBABICITY VALUE IS ~0.001  —
OISCREPANCY AT CHARACTER 4 FOR FAMILY 6 BUG VALUE IS 1.0 PROBABILITY VALUE IS 9.004
DISCREPANCY AT CTHRARACTER "~ 4 FOR-FAMILY ~— =7 0 s O
DISCREPANCY AT CHARACTER 4 FCR FAMILY 9 BUG VALUE IS 1.0 FROBABILITY VALUE IS 0.001
- DISCRFPANCY AT CHARACTER 4 FOR FAMILY 16 7 BUG VALUE IS ~170 PROBABILITY VALUE IS 05001
OISCREPANCY AT CHARACTER 4 FOR FAMILY 30 BUG VALUE IS 1.0 PROBABILITY VALUE I G.001
T OISCREPANGY T AT CCHARACTEFR "4 FOR FAMILY 33 "BUGTVALUE TS 10 PRORABRILITY VALUE IS 000
DISGRFPANGY AT CHBARACTER 4 FOR FAMILY 36 BUG VALUE IS 1.7 PROBABILITY VALUE IS 0.001
DISCRTPANRCY AT CHARACTER """ FOR FAMILY 7 BUG VAL UE IS 0 PROBABICTITYVALUE TS D23
NISCREPANCY AT CHARACTER 6 FOR FAMILY 31 BUG VALUE IS 0.7 PROBABILITY VALUE IS 0.999
TTUTUUOTSCREPANCY AT CCHARACTER™ ~ S FOR FAMILY ~ '8 ~ " "BUG VALUE IS 0+ PROBABICITY VALUE IS 0,99
DISCREPANCY AT CHARACTER 8 FOR FAMILY 9 BUG VALUE IS 0.0 FROPRABILITY VALUE IS 0,999
DISTRTPARCY AT CHARACTER 8 FOR FAMILY — 12 BUG VALUE IS 0.0 PROBSEBITITY VALUE IS 0799
DISCREPANCY AT CHARACTER 8 FOR FAMILY 32 BUG VALUE IS (.0 FROBABILITY VALUE IS 0.99S
UiIOURZVFRTLY AT UHBRALUTER AU FUR FRANMILY < EUL VALULE 1o leU FRUDATILITY VALULU IS UeUUl
DISCRFPANCY AT CHARACTER 10 FCR FAMILY [ BUG VALUE IS 1.0 PROBABRILITY VALUE IS 0.001
T - " BTSCREPANCY AT CHARACTER 10 FOR FAMILY -] BUG “VALUE TS ~ g 0
DISCREPANCY AT CHARACTER 19 FCR FAMILY 6 "BUG VALUE IS 1.0 PROBABILITY VALUE IS 0.001
T T T T T DISCREPANCY AT CHARACTER 107 FOR FAMILY © 13 T BUG VALUE IS 13 O
DISCREZPAKNCY AT CHARACTER 10 FCR FAMILY 16 BUG VALUE IS 1.0 PROBAPILITY VALUE IS 6.001
TISCREPARCY AT CHARACTER T0- FOR FAMILY 23 BUG VIACUE TS 10 PROBABILITY VATUE IS LERA2Y
DISCRFPANCY AT CHARACTER 10 FOR FAMILY 26 BUG .VALLE IS 1.0 FROBABILITY VALUE IS 0.001
T DISCREPANCY AT CHARACTER ~ 13 FOR FAMILY - ~27 - -BUG-VALUE IS 1) PROBABILITY VALUE IS 000t ————————
DISCRFPANCY AT CHARACTER 10 FOR FAMILY 28 BUG VALUE IS 1.0 PROBABILITY VALUE IS L.001
T T T T DISERFPANLY- AT-CHARACTER - - 19 FOR FAMILY - 29 --BUG VALUE IS —1+0 PROBABILITY VALUE IS — -6+00L
BISCREPANCY AT CHARACTER 10 FOR FAMILY 31 BUG VALUE IS 1.0 PROBABILITY VALUE IS 0.002



A

DISCREPANCY AT NHARACTEFR
DISCRSPANCY AT CHARACTER

AT CHARACTER

12 FOR FAMILY 7 BUG VALUE IS 0.9 PROBABILITY VALUE IS - 8599¢—— —
12 FOR FAMILY 8- BUG VALUE IS 0.0 PROBAPILITY VALUE IS G.939¢
~—t 2 FOR-FPAMILY — 12— fYE VAL UE— IS0 PROBAE I T YA HE T — 09—

TTSURTPANCY

DISCREPANCY AT CHARACTER 12 FOR FAMILY 19 BUG VALUE IS 0.3 PROBABILITY VALUE IS 74999
- - - DISCREPAKCY AT CHARACTER 13 FOR FAMILY 28 ‘BUG VALUE IS 6.0 PROBARILITY VALUE IS i':.’.":?
DISGCRZPANCY AT CHARACTER 14 FOR FAMILY 1 BUG VALUE IS 1.3 PROBARILITY VALUE IS 6.001
- I ~DISCREPANGCY AT CHARACTEFR 14 FOR FAMILY 3 BUG VALUE 1S 10 PROBABPICITY WALUE IS~ 05001
DISCREPANNY AT CHARACTER 14 FOR FAMILY BUG VALUE IS 1.,) PROBABILITY VALUE IS C.001
———%SW*WWM%MY—W
4 OISTREPANCY AT CHARACTER 14 FOR FAMILY 6 BUG VALUE IS 1.0 PROBABILITY VALUE IS 0.001
- - B TSCREPANCY AT CHARACTER 14 FOR FAMILY 7 ©BUYG VALUE IS 15 VI 5 —
OISCREPANCY AT CHARACTER i4 FCR FAMILY 8 BUG VALUE IS 1.0 PROBABILITY VALUE IS 0.001
T NTSCREPANRCY “AT "CHARACTER 14 FOR FAMILY 9 T BUG VALUE IS 130 PROBABILITY WALUE IS — 05800t
DISCREPANCY AT CHARAGTER 14 FOR FAMILY 32 BUG VALUE IS 1.0 PROBABILITY VALUE IS 0.001
—_——— G EREPANE AT AR T E Rty FOR-FAMEL Y — 33— v e
DISCREPANCY AT CHARACTER 14 FOR FAMILY 34 BUG VALUE IS 1,0 PROBABILITY VALUE IS 0.001
—— o —— PISCREPANCY--AT CHARACTER - 15 FOR FAMILY -2 ~-BU6- MALUE—TS- 4+ PROBABIL Attt
DISCRIPANCY AT CHARACTEFR 15 FOR FAMILY 9 BUG VALUE IS 1.9 PROBABILITY VALUE IS 6.001
i - DISCREPANCY AT CHARACTER 15 FCR-FAMILY - 16 - BUG - VALLE TS 1+ —fre
DISGREPANCY AT CHARACTER 15 FOR FAMILY 27 BUG VALUE IS 1.7 PROBABILITY VALUE IS 9.001
_—  BISERCPANGY AT CHARAC TE Rt FORFAMIL Y — 34—
) DISCGREPANCY AT CHARACTER 16 FOR FAMILY 7 BUG VALUE IS 1.0 PROBABILITY VALUE IS 0.001
e - BISGREPANGY AT GHARAGTER- 1€ FOR FAMILY -8 BUG VALUE- IS~ 14)-PROBABILITY VALUE IS --0-00¢
DISCREPANCY AT CMARACTER 16 FOR FAMILY 9 BUG VALUE IS 1.0 PROBABILITY VALUE IS 0,001
S e BISCRoPANGY AT CHARAGTER 16 FOR FAMILY - 28 BUG VALUE--1S —1¢0—PROBABELETY—VALUE 15— 6001
DISCREPANCY AT CHARACTER 16 FOR FAMILY 30 BUG VALUE IS 1.0 PROBABILITY VALUE IS 0.001
BFSEREPANGY—AT-CHARAGTER —46—FOR-FAMELY — 33— ~ ~ BUG—VALUE-Z
DISCREPANCY AT CHARACTER Z1 FOR FAMILY 2 BUG VALLE IS 1.0 FROBABILITY VALUE IS 0.001
- - = - -DISCRTPANGY - AT -CHARACTER 21 -FOR FAMILY 3 - BUG VALUE-IS - 1+0-PROBABELITYVWAMUE IS5 B+ 00
DISCREPANCY AT CHARACTER 21 FCR FAMILY 4 BUG VALUE IS 1.3 FROBAPILITY VALUE IS 0.001
o v - e DEIGCREPANCY AT CHARACTER- - 21 FOR -FAMILY - - 5 BUG VALUE-IS-—1.0-PROBABELITYVALUE TS 0002
DISCREPANCY AT CHARACTEFR 21 FOR FAMILY 6 BUG VALUE IS 1.0 PROBABILITY VALUE IS 0.001
ESCREPANG Y —AF-GHARRGFER—— - 24--FOR—FAMILY — -7 ————BlUE € -
DISCREPANCY AT CHARACTER 21 FOR FAMILY 8 BUG VALUE IS 1.3 FROBABILITY VALUE IS 0.001
- --BISEREPANGY-AT CHARACTER - 21 FOR FAMILY - -9-- - €UE VALUE- IS -1+3-PROBABHITY-VALUE IS O+861
DISCREPANCY AT CHARACTER 21 FOR FAMILY 1c BUG VALUE IS 1.0 PROBABILITY VALUE IS 0.001
- —— -DISGPIPAKGY AT CHAAGTER 21 FCR FAMILY 11 BUG VALUE IS 1.9 PROPABILEITY VALUE IS —-G+8061
DISCREPANCY AT CHARACTER 21 FOR FAMILY 12 BUG VALUE IS 1.9 PROBABILITY VALUE IS 0.301

DICGREPANGY—ATGHARAG FER—F & FOR-FAMELY

et B - BY 6N E—E5— v PR OBA B L v i ————————

DISCREPANGY AT CHARACTER 21 FOR FAMILY = 19 BUG VALUE IS 1.0 PROBABILITY VALUE IS * 0.001
S — - DISGREPANCY AT CHARACTER 21 -FOR FAMILY - 23 BUG -VALUE— 15— 1+9—PROBASELITY- VALYE-
DISCREPANCY AT CHARACTER 21 FOR FAMILY 28 BUG VALUE IS 1.0 FROBAPILITY VALUE IS 0,001
------ DISCREPANGY AT CHARACTER - 21 FOR-FAMILY - 29- - - —BUG VALUE-IS—1+0 -PROBABELET . —
OISCREPANCY AT CHARACTEF 21 FOR FAMILY 30 BUG VALUE IS 1.0 PROBABILITY VALUE IS  0.001
BESGRERANGY—AT—GHARAGTER--—-24 FOR-FANEL ¥ ~— 32— — BUG~ ' : —
DISCREPAKCY AT CHARACTEF 21 FCR FAMILY 33 BUG VALUE IS 1.7 PROBABILITY VALUE IS  0.001
- .—DISGRERANCY.-AT-GHARAGTER - - 21-FOR- FANILY - 34-- - - BU6 VALUE-IS--$+3- —
DISCREPANCY AT CHARAGTER 22 FOR FAMILY 2 BUG VALUE IS 1.0 PROBABILITY VALUE IS  0.001
BISGREPANGY—AT-GHBRAGTER '22 FOR FAMILY - 3 —B8UG VALLE IS 3.8 PROBABLL
OISCREPANCY AT CHARACTER 22 FOR FAMILY i BUG VALUE IS 1.0 PROBABILITY VALUE IS  0.001
n{cnnsnlumv AT CHADA_PTKL 22 _E0R :AM'I’J_' O 5 e“c UAI ||E Is ! ‘J ﬁ“;a“a]l “¥ ““.,.‘E IS. a.“‘_ e - -
DISGREPANCY AT GCHARACTER 22 FOR FAMILY 6 BUG VALUE IS 1.0 PROGABILITY VALUE IS  0.001
S - . DISGREPANGY -AT CHARACTER - .-22. FOR FANMILY 7 - - BUG VALUE IS. 4.0-FROBABILITY VALUE IS 0004 — — — —
OLSCRZPANCY AT CHARACTER 22 FOR FAMILY 8 BUG VALUE IS 1.0 FROBABILITY VALUE IS 0.001
—_— s e DISGRERANGY AT CHARACTER- -22- FOR FAMILY 9 BUG- VALUE IS- 1.0-FROBABILITY VALUE IS-
OTSCREPANCY AT CHMARACTER 22 FOR FAMILY 12 BUG VALUE IS 1.0 PROBABILITY VALUE IS 0.001
nIchEDA‘A‘Ls_!'l é!’ cuADAc!EC 23 ELR :AMII¥ ie elL!: MAL
DISCREPANCY AT CHARACTER 22 FOR FAMILY 28 BUG VALUE IS 1.0 PROBABILITY VALUE IS 0,001
OLSGREPANCY -AT. GHARACTER .22 FOR-FAMILY .. .29 . . BUG-VALUE IS 1.0 LITY VAL
OISCREPANCY AT CHARAGTER 22 FCR FAMILY .30 BUG VALUE IS 1.0 PROBABILITY VALUE IS 0,001
DISCREPANCY-AT CHARAGCTER - - 22-FOR. . FAMILY 32 BUG.- VALUE- IS 1.1 FROBABILITIY VALUE IS 0. 081
DISCRZPANCY AT CHARACTER 22 FOR FAMILY 33 BUG VALUE IS 0.001

1.0 PROBABILITY VALUE IS




R . - e e A A e st et oot

v

"DISCREZPANCY AT CHARACTEF 22 FCR FAMILY 34 BUG VALUE IS 1.3 PROBAPILITY VALUE IS = 0.0G1

DISCREPANCY AT CHARACTEFR 23 FOR FAMILY 19 . BUG VALUE IS 1.9 PROBABILITY VALUE IS 0.001
DTSCRTPANTY AT THARACTEFR 23 FOR FAMILY 728 ~ " BUG VALUE "I 1.0 FROSAFICITY VALOE IS 00017
DISCREPANCY AT CHARACTER 23 FOR FAMILY = 29 BUG VALUE IS 1.0 PROBABILITY VALUE IS G.001
TToTTTT 7T 77T DISCREPARCY AT CHARACTER 23 FOR FAMILY -~ 3§ BUG VALUE IS {.2 PROBABILITY VALUE IS ~ T 9917 77"

OISCREPANLY AT CHARACTER Z3 FOR FAMILY 33 BUG VALLE IS 1,) FROBAGILITY VALUE IS 0,001

TUUTTTTTTT T DISCREPANCY AT CHARACTER T 23 FOR FANMILY 34 BUG VALUE IS 4.3 FROBASILITY VALCE IS 0.001
NISCREPANCY AT CHARACTER 24 FOR FAMILY 8 BUG VALUE IS 1,3 PROBAPILITY VALUE IS C.001
UISUKEPARLY AT CHPRATTEW <4 FOR FAVILY 2% EUL VALUE IT " I.7 FRUOBABICITY VALUE IT Y. UU1
DISCREPANCY AT CHARACTER 24 FOR FAMILY 28 BUG VALLE IS {9 PROBARILITY VALUE IS G.0G1
DISTREPARCY AT CHARACTER 24 FOR FAMILY 29 ° T BUG VALUE IS "1.) PROBABILITY VALUE IS ~ 0,001 i
DISCREPANCY AT CHARACTER 24 FOR FAMILY 30 BUG VALUE IS 1.0 FROBABILITY VALUE IS 0.001
DISCREPANCY AT CHARACTER 24 FOR FAMILY 31777 TBUG VALUE TS 101 PROBAFICITY VALUE IS OL004
DISCREPANCY AT CHARACTEF 24 FOR FAMILY 34 BUG VALUE IS 1.9 PROBABILITY VALUE IS ¢.001
DISCREPARCY AT CRARAUTER 26 FORTFAWNILY ~~7 ~ " "BUG VELUE IS 1.0 FROUEAPILITY VELUE IS UL 00T
DISCREPANCY AT CHARACTER 26 FCR FAMILY 9 BUG VALUE IS 1.3 PROBABILITY VALUE IS 0.001 N
DISCREPARCY AT CHARACTER = 26 FOR 'FANILY 217 ~ "BUG VALUE IS 1.0 FROBABICITY VALUE IS U, G0 T
DISCREPANCY AT CHARACTER 26 FOR FAMILY 27 BUG VALUE IS 1.3 FROBABILITY VALUE IS 0.001 "

T 7777 77 'DISCREPANCY AT CHARACTER 26 FOR FAMILY 36 T UBUGTVATUE IS "1.0 PROBABRILITY VALUE IS '~ G 00T —— .
DISCREPANCY AT CHARACTER 26 FOR FAMILY 33 BUG VALUE IS 1.3 FROBABILITY VALUE IS 0.001 Tl
DISCREPARCY AT CRARGCTER 26 FOR FAWILY 3%~ BOG VALUE IS 1.7 FRUBABILITY VALUE IS —J.00 N
DISGREPANCY AT CHARACTEFR 27 FOR FAMILY 32 BUG VALUE IS 0.0 PROBABILITY VALUE IS 0.999
OISCREPARCY AT CHARACTER ~ 27 FOR FANMILY ~ "33 CBUG VALLE IS UV FR A
DISCRCPANCY AT CHARACTEFR 27 FOR FAMILY 34 BUG VALVUE IS 0.0 FROEAEILITY VALUE Ic 2.999

FULL UHARAUTERISTIC SET

FOFILY ;S e R - S - 7 K1 g
LIKELIHOCD 04198E-14  (.4258E-17 0.112€6-21 Deb47€E-22 0.242E-22 04797E-23 D461E-34 0.217E-25 0.667E-30
RELLIKELCIHOOD "~ 0,6195<13 ° GVBI3E~1E ~0.348E-20 0.140€E-20 0¢753€E<21 7" "0T2R9E=21 GvIGGE=3Z  U.678E=24 O 20BE=28

FIFTLY 10 1T 12 13- 14 15 16 17 —17
LIKELIHOCD 0.239€-13 0.191E-15 0.228E-18 0.672E-14 0.,321€-01 0.235€~04 0.686E~-12 U.911E-08 0.22ZE-03
REL, UIRELCTHOUD U 7RGE=T2 " TVSIBESLE T T TLTUIE-1T 7 0V213E-12 7 10T T TR TIIES0S 9214E=1IT U0.284E=06 - 0.691E=02

FAFILY 19 4 8 - S -3 -S4 - 2T 28 2¢ 30
LIKELIHOCT 0.,249E-14 Ue143E~09 0.4€7€-11 0.337€-13 0.214E-23 Be.614E-22 04273E-335 0.9C0E-30 0.180E-34
KELLLUIRELIAUUT Ce 7 7OE=10 UeRQB7T=U0 UelROE=UT UesludtE=11 TeCTTIESLL Uelc=cV Ve TUL T UedQUL=ZT Ve dUUETII

FAVILY 12 S 7 et 7. St - TR -

LIKELIHOCD 0,735E-21  0.178E-23 0.,117E=-27 0.748E-36

158

RELCSUIKELTIAOOD 0. 229E=19 0°556E<22 0. JEGWE=26 032 3I3E-J&
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