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5.34 Identification of "Vibrio "-(b) reference strains by the "Aerobe” library

The results of identification by the "Aerobe" library of the 69 reference strains used for the
construction of the "Vibrio"-(b) library are listed in Table 6. Where replicate cultures were
examined for individual strains, the SI varied only slightly between replicates for most samples
and identification was taken as the average of results for all replicates. Twelve strains were
correctly identified, including four of Aeromonas salmonicida, subsp. salmonicida, three of V.
cholerae and one each of V. fluvialis, V. furnisshi, V. gazogenes, V. mediterraneiand V. ordali.
One strain each of Aer. Aydrophila, Listonella anguillarum, V. cholerae, V. metschnikoviiand
V. mimicus were correctly identified, but had equivalent SI's with other species of Vibrionaceae.
Three strains of Aer. salmonicida subsp. salmonicida, two of V. fluvialis and two of V. furnissii
were correctly identified, but had SI’s less than 0.300.

5.33 Field isolate identification by the "Vibrio"-(b) and "Aerobe” libraries

Table 7 gives the results of cellular fatty acid identification of 126 conventionally identified
Vibrionaceae field isolates against the "Vibrio"-(b) and the "Aerobe" libraries. Sixty-three
isolates were correctly identified by the "Vibrio" -(b) library including one Aeromonas caviae
two Aer. Aydrophila, 18 Listonella anguillarum, seven Photobacterium damsela, 25 of Vibrio
alginolyticus, four V. cholerae, and six V. harveyi. Another four cultures correctly identified had
equivalent SI’s for other species of Vibrionaceae. They included one Aer. hAydrophila, two V.
alginolyticus and one V. harveyi. Nine cultures were correctly identified, but had SI’s less than
0.300. These included three of List. anguillarum, two of V. alginolyticus, two of V.
parahaemolyticus and one each of V. harveyiand V. splendidus1. The "Aerobe" library
correctly identified 14 cultures including three List. anguillarum, one Plesiomonas shigelloides
eight V. choleracand two V. fluvialis. The "Aerobe" library additionally identified one culture
of V. mimicus, the profile having an equivalent SI with V. cholerae, and one of V. campbellii
with a SI of less than 0.300.

5.4 DISCUSSION

One of the first problems we had to overcome was poor growth on TSBA of some marine
Vibrionaceae. The addition of ESS to the TSBA plates was found to considerably improve the
growth of salt-requiring isolates. However, changes were observed in the relative proportions of
various fatty acids in the profiles produced. This confirmed the results of Oliver and Colwell
(1973), who found that alterations in the salt concentration produced differences in the C16:0
and C16:1 fatty acid content in Vibrios. As our user generated "Vibrio” library was intended to
be compared with, and if possible complement the commercial "Aerobe" library, it was
considered necessary to strictly adhere to the media formulation used in the construction of the
"Aerobe" library, and the addition of ESS to the TSBA plates was discontinued.
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However, according to the reasoning of Ghanem et a/(1991), our strict adherence to the
protocols used by MIDI for the development of the "Aerobe" library may have been detrimental
to the generation of a practical identification system. They used the MIDI system for the
identification of species of Clostridium and recommended that library entries should include
reasonable variation that will be seen among properly identified strains of a species. They felt
that slight variations would occur even under "standardised" conditions. These would include
different incubation times, (16 versus 18 or 24 hours), different batches of media, replicate
cultures prepared on the same or on different days and cultures prepared and extracted by
different personnel

The analysis of 69 confirmed reference strains by the "Aerobe" library showed a very poor level
of identification. Seven of the 12 strains identified belonged to two species, Aeromonas
salmonicida subsp. salmonicida and Vibrio cholerae. The "Aerobe" library identified four of the
five reference strains used to generate the V. cholerae profiles in the "Vibrio” library, although
one had an equivalent SI for V. fluvialis. However, the one strain which it failed to identify was
the type strain. Comparison of the cellular fatty acid profile of this strain with that of other
published data for the same strain showed that it lacked the 16:1 isomer of which Lambert et a/
(1983) reported 12%. This result was confirmed using a gas chromatograph/mass spectrometer
to obtain better resolution of the profile. In our comprehensive characterisation studies using
conventional biochemical tests, this strain, although identified as V. cholerae at a 98%
confidence level, differed from published results in that it was negative in the Voges-Proskauer
test and failed to utilise trehalose, fructose or galactose in carbon substrate utilisation tests. As a
positive Voges-Proskauer reaction is one of the two major tests differentiating V. cholerae from
V. mimicus in the original species description for V. mimicus, it would seem likely that the
culture of the type strain of V. cholerac we received in our laboratory has either changed due to
subculturing under laboratory conditions or is a different culture to the type strain.

The type strain of Vibrio mimicus could not be identified by the "Aerobe" library which was
unable to differentiate between identifications of V. cholerac and V. mimicus. This appeared to
be due to the failure of the chromatographic system to resolve a second 16:1 isomer from the
major 16:1 isomer. The quantity of the second isomer in the type strain was at the level at which
resolution just became possible using the MIDI system. This is significant, as Lambert et a/
(1983) used the relative amounts of the 16:1 isomers to differentiate between species of Vibrio.
The "Aerobe" library subsequently failed to correctly identify five biochemically identical strains
of V. mimicusisolated from two disease outbreaks in the Redclaw freshwater crayfish and
another isolated from a freshwater fish skin lesion, all being identified by it as V. cholerae.

The only species for which the "Aerobe" library performed significantly better than the "Vibrio"
library" was Vibrio cholerae. The "Aerobe" library identified eight field isolates including four
terrestrial isolates, two from pigs and two from ducks . It was of interest to note that each of
these four terrestrial isolates contained detectable levels of the 16:1 isomer. This isomer was
detected in only two of five aquatic V. cholerae isolates examined. This suggests there could be
differences in the cellular fatty acid profiles of aquatic isolates when compared with terrestrial
strains. Oliver and Colwell (1973) observed differences between the cellular fatty acid profiles of
marine and terrestrial Vibrios, the unsaturated to saturated C16 and C18 ratios being lower in
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marine strains. They felt that as the optimal growth for Vibrio choleraeis 37C, the production
of a greater proportion of unsaturated fatty acids could be the result of compensation for the
low growth temperature of 25C.

The poor performance by the "Aerobe” library with Australian Vibrionaceae, identifying 14 of
126 isolates tested, appears to suggest that the data base is too narrow for the species
represented. This could be the result of insufficient numbers of strains entered or of strains
drawn from too limited a geographical range of sources. Details of the numbers and source of
strains used for the generation of the "Aerobe" library were not available to us. If the "Aerobe"
library contained the recommended minimum of 20 strains of each species in it s data base, it
would appear that this number is not adequate to produce a sufficiently broad data base for
identification of all strains of the species.

The results obtained in this study highlight the need for the generation of a large data base of
fatty acid profiles in the library for accurate and reliable identification results. The initial
"Vibrio"-(a) library which had only single entries of reference cultures, correctly identified only
six of 48 field isolates representing 13 species of Vibrionaceae. Following reconstruction of the
library with cultural and extraction techniques standardised to the protocol used by MIDI for
the construction of the "Aerobe" library and with a minimum of 20 entries per species, the
"Vibrio"-(b) library correctly identified 63 of 127 field isolates, representing eight of the 20
species tested. Closer examination of these results shows that 76% of the correct identifications
occurred in four species, namely, Listonella anguillarum, Vibrio cholerae, V. alginolyticus and
V. harveyi. The "Vibrio" library contained profiles from between four and nine strains for each
of these species. This suggests that the range profiles in the data base of the current library is
still far too narrow for most of the species tested.

The "Vibrio" library profiles of Listonella anguillarum, generated from three Australian and six
imported strains, identified 20 of 21 Australian isolates and one of three which originated in
Japan. By comparison, the "Aerobe" library identified one of the Australian isolates and two of
the three from Japan. The "Aerobe" library found 17 of the 21 Australian isolates had profiles
most closely matched to V. cholerae, but with SI’s less than 0.300.

The five strains of Vibrio cholerae used to generate the profiles entered in the "Vibrio" library
were all isolated from aquatic sources and comprised two serotype:01 (including the type strain)
and three non:01 serovars. However, the profile of the type strain differed sufficiently from the
profiles of the other four entries to warrant their separate entries in the library as a subgroup of
V. cholerae, referred to as V. choleraetype A. Four terrestrial isolates, two from pigs and two
from ducks, were included in a batch of 10 field isolates analysed by the GC. All had been
previously identified by conventional morphological and biochemical tests as V. cholerae, and
had been serotyped as non:01 The "Vibrio" library identified four aquatic isolates as V. cholerae
type A but failed to identify any of the four terrestrial isolates. The "Aerobe” library identified
all four terrestrial isolates as well as four of the six aquatic isolates as V. cholerae:01. As the
"Vibrio" library was prepared from aquatic isolates, these results suggest that there are
significant differences in the cellular fatty acid content between isolates from terrestrial and
aquatic sources, and that the "Aerobe"” library appears to contain predominantly terrestrial
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strains. However, the serological differences between the serotype:01 and non:01 strains did not
appear to be reflected in the fatty acid profiles, as neither library was able to differentiate
between these strains.

The "Vibrio" library demonstrated very high levels of identification for both Vibrio alginolyticus
and V. harveyi field isolates. V. alginolyticus profiles were generated from two imported and
two Australian strains. Of 30 isolates tested, 25 were correctly identified, two more were
identified but had an equivalent SI for V. harveyi and two more were identified with SI's of less
than 0.300. In contrast, the "Aerobe" library failed to identify any of the 30 V. a]gz'ao]yticu&'
isolates tested. The "Vibrio" library, containing the fatty acid profiles of five strains of V.
harveyi, identified six of eight of V. Aarveyi field isolates, with another isolate having an
equivalent SI for V. alginolyticus and the remaining isolate with a SI of less than 0.300. The
"Aerobe" library, however, failed to identify any of the eight V. Aarveyi field isolates.

Vibrio carchariae, a species associated with clinical disease in captive sharks, (Grimes et a/ 1984),
has similar biochemical properties to V. Aarveyi, and our two reference strains were unable to be
distinguished from V. hAarveyi with the range of conventional biochemical tests used in this
study. As a result of this, the "Vibrio" library did not contain any library entries for V.
carchariae in its data base, and identified these two isolates as V. harveyi. The "Aerobe" library
contained V. carchariae in its data base but was unable to identify either of these two isolates.

Only one strain of Photobacterium damsela, isolated in Tasmania, was entered into the "Vibrio"-
(b) data base, as other strains held at the time, although identified by conventional biochemical
testing as Photobacterium spp., could not be confirmed in their identities at species level. The
"Vibrio" library identified six of 16 field isolates of Photobact. damsela from a single outbreak of
disease in eels in Queensland (Ketterer and Eaves 1992). These eels had been captured from the
wild and held in high concentration in a holding tank prior to export. Isolates fell into one of
two biotypes, identical biochemically, except for their ability to decarboxylate lysine. All of the
lysine negative isolates, including the five from this outbreak and one isolated in Tasmania, were
identified as Photobact. damsela by the "Vibrio" library while only one of 12 lysine positive
isolates was identified by the "Vibrio" library. Although this would appear to correlate well with
the classical description of Photobact. damsela as being lysine negative, this correlation fails, as
the one strain of Photobact. damsela entered into the "Vibrio" library was lysine positive.

Early studies on the use of cellular fatty acid profiles for bacterial identification were based on
the development of decision trees for separation of species or groups of species (Lambert et a/
1983; Urdaci et a/1990). There, the presence or absence, or else the relative proportions of
specific fatty acids, was taken as the criterion for separation. This procedure ignored differences
in the levels of other fatty acid components in the sample which may have been significant. The
development of a library based on the total cellular fatty acid profiles of bacteria produces a
system which has a very high specificity but may have a low sensitivity at the species level.
Within a species, cultures falling outside the range of profiles in the data base may be either mis-
identified or not be matched to any species. This highlights the need for the expansion of the
data base with profiles from the maximum obtainable number of organisms of each species from
as wide a range of strains as possible. Ideally, each library entry should be broad enough to
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include real variation within species, yet narrow enough to differentiate each species from all
other species. However, this may not be possible for some species, as the profiles for some
species may not be sufficiently distinct for clear separation from other groups.

There are, however, advantages to the high specificity of this identification system. Analysis of
the total cellular fatty acid content of bacteria produces a profile characteristic of the organism
that can be used epidemiologically as well as for identification to the species level. The profile
provides a "fingerprint" that can be used to compare isolates of the same species to determine
whether a strain causing disease is re-occurring, or whether a disease outbreak is due to a new
strain of the same species. Similarly, it could be used to trace back the source of a disease
outbreak.

Although it contained profiles from only 69 strains of Vibrionaceae, the constructed "Vibrio"
library clearly outperformed the commercial "Aerobe" library for the identification of aquatic
Vibrionaceae. This may reflect the fact that most of the reference strains used for its
construction were from aquatic sources, many being Australian in origin. The "Vibrio"” library
as constructed produced a high level of identification in four species, Listonella anguillarum,
Vibrio cholerae, V. harveyi and V. alginolyticus, but could not be relied on for identification of
the majority of species of Vibrionaceae.

With further expansion of the data base, the system shows the potential to provide an accurate,
rapid, cheap identification system. It has the added advantage of using a single standardised
approach applicable to the identification of all bacteria. Once the data base is established, it
could be transferred to any other laboratory which contained a suitable gas chromatograph
The benefits of such a rapid diagnostic tool are obvious where control of spread of disease is
critical, as in aquaculture operations.
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Table 4. Identification by the "Aerobe" library of reference strains used for the generation of

the "Vibrio"-(a) library

Total Number identified’

Species name tested by "Aerobe" library
Aeromonas caviae 1 0
Aer. hydrophila 1 0y
Listonella anguillarum 7 0(1)
Photobacterium damsela 1 0
Photobact. fischeri 1 0
Plesiomonas shigelloides 1 1
Vibrio alginolyticus 4 0
V. cholerae 5 o
V. fluvialis 4 12
V. harveyi 1 0
V. mediterranei 1 0
V. metschnikovii 1 0
V. mimicus 3 0
V. nereis 1 0
V. ordalii 1 1
V. parahaemolyticus 3 0
V. tubiashii 1 0
V. vulnificus 4 0

Total: 41 30°

index <0.300

' . Identification based on a similarity index of 0.300 or greater

Species not in "Aerobe" data base

§ _ Bracketed number indicates the number of strains with an equivalent similarity index for
another species of Vibrionaceae

! . Superscript number indicates the number of strains correctly identified with a similarity



Table 5. Identification of field isolates by the "Vibrio"-(a) and "Aerobe" cellular fatty acid
libraries

Number identified’ by

Total "Vibrio"-(a) "Aerobe”

Species name tested library library
Aeromonas caviae 2 0 0
Aer. hydrophila 4 0 0
Photobacterium damsela 2 0 0
Plesiomonas shigelloides 1 0 0
Vibrio alginolyticus 22 0 (1) 0
V. cholerae 6 6 0
V. harveyi 2 0 0
V. mimicus 1 0 0
' V. nereis 2 0 0
V. parahaemolyticus 2 0 0
V. proteolyticus 1 0 0
V. tubiashii 1 (I 0
V. vulnificus 2 0 0
Total: 48 6(1)" 0

' . Identification based on a similarity index of 0.300 or greater

¥ . Bracketed number indicates the number of strains with an equivalent similarity index for
another species of Vibrionaceae

* . superscript number indicates the number of strains correctly identified with a similarity
index <0.300
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Table 6. Identification by the "Aerobe" library of reference strains used for the generation of

the "Vibrio"-(b) library

Species name

Total
tested

Number identified!
by "Aerobe" library

Aeromonas caviae

Aer. hydrophila

Aer. salmonicida subsp. salmonicida
Aer. salmonicida subsp. achromogenes”
Listonella anguillarum
List. pelagia
Photobacterium damsela
Photobact. fischeri”
Plesiomonas shigelloides
Vibrio alginolyticus

V. cholerae

V. diazotrophicus

V. fluvialis

V. furnissii

V. gazogenes

V. harveyi

V. hollisae”

V. mediterraner

V. metschnikovii

V. mimicus

V. natriegens

V. nereis

V. ordalii

V. parahaemolyticus

V. splendidus I

V. tubiashii

V. vulnificus
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0
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Total:

(=)
\O

12(5)°

- Species not in "Aerobe" data base

another species of Vibrionaceae

index <0.300

' . Identification based on a similarity index of 0.300 or greater

¥ _ Bracketed number indicates the number of strains with an equivalent similarity index for

* . Superscript number indicates the number of strains correctly identified with a similarity
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Table 7. Identification of field isolates by the "Vibrio"-(b) and "Aerobe” cellular fatty acid

libraries

Number identified" by

Total "Vibrio"-(b) "Aerobe"

Species name tested library library
Aeromonas. caviae 2 1 0
Aer. hydrophila 3 2 (1) 0
Sucrose negative Aeromonad’ 1 0 0
Listonella anguillarum 2 18% 3
List. pelagia 1 0 0
Photobacterium damsela 18 7 0
Plesiomonas shigelloides 1 0 1
Vibrio alginolyticus 30 25(2)2 0
V. campbelli 1 0 0!
V. cholerae 10 4 8!
V. fluvialis 3 0 2
V. harveyi 8 6(1)" 0
V. mimicus 7 0 0(1)
V. nereis 3 0 0
V. ordalii 4 0 0
V. parahaemolyticus 3 0? 0
V. proteolyticus 1 0 0
V. splendidus I 1 0! 0
V. tubiashii 5 0 0
V. vulnificus 2 0 0

Total: 126 63 (4)° 14(1)°

index <0.300

- Identification based on a similarity index of 0.300 or greater

- Species or phenotype not in "Aerobe” data base

Bracketed number indicates the number of strains with an equivalent similarity index for
another species of Vibrionaceae

Superscript number indicates the number of strains correctly identified with a similarity
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SECTION 6

CONCLUSIONS

The steady decline in wild fish stocks in the oceans will see an ever increasing role for
aquaculture operations to replace this food resource. Disease will always present a major
problem for the aquaculture industry, particularly where fish are densely stocked and subject to
stress. The potential for rapid spread of disease and associated mass mortalities is much higher
in the aquatic environment than in terrestrial situations and it is not acceptable to pour
antibiotics into ponds to control disease in fish species being cultivated for human consumption.

Rapid identification of disease causing organisms will become increasingly important to the
understanding and control of factors involved in disease outbreaks. The Vibrionaceae are one of
the major bacterial families found in the aquatic environment and are often associated with
disease outbreaks. Their identification using conventional morphological and biochemical tests
is expensive and time consuming. Using cellular fatty acid analysis, Vibrionaceae could be
cultivated, screened to the family level and processed through a gas chromatograph within three
days of receipt of sample, saving seven to ten days on the time taken for conventional
identification. The benefits of such a rapid diagnostic tool are obvious where control of disease
spread is critical.

The results of this project demonstrated the inadequacies of the commercially available cellular
fatty library for identification of aquatic Vibrionaceae. The specificity of this identification
system highlights the need for a broad data base containing the maximum possible numbers of
aquatic strains from as diverse sources as possible. The "Vibrio" library generated during the
three years of this project, although limited in size, clearly outperformed the "Aerobe" library. It
produced a high level of identification for a few species of Vibrionaceae, but needs further
expansion of the data base for other species to provide an adequate identification system for all
aquatic Vibrionaceae. This has the potential to provide the rapid identification of bacteria
needed to service the aquaculture industry.

Without technical assistance, future progress will be slow in expanding the "Vibrio" cellular fatty
acid data base. However, once established, this identification system can be readily transferred
to any laboratory which has a suitable gas chromatograph with an autosampler attached to a
computer monitor and printer. This set-up could be purchased for approximately $30,000, a
relatively small price for a complete identification scheme. Although careful attention to detail
is required in the processing of cultures and subsequent chemical extraction, the procedure is
technically simple, and well within the capacity of most diagnostic laboratories.

This technique represents an important technological advance in the identification of bacteria.
Once the library generation software has been installed, it can be used to generate a cellular fatty
acid data base for any group of bacteria for which conventional identification has proved
difficult.
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