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Assessment of a chemiluminescent universal
probe for taxonomical and epidemiological
investigations ofAeromonas sp isolates

P E Carey, A Eley, M H Wilcox

Abstract
Aims-To assess a chemiluminescent
universal probe for taxonomical and epi-
demiological investigations ofAeromonas
sp isolates.
Methods-Total DNA was extracted from
69 well characterised Aeromonas sp
strains and digested with the restriction
endonucleases Sma I or Pst I. Following
electrophoresis, the resulting fragments
were transferred to a nylon membrane
where they were hybridised to a commer-
cially available universal probe of 16S +
23S rRNA. The banding patterns (ribo-
types) were made visible by enhanced
chemiluminescence.
Results-Both restriction endonucleases
produced heterogeneous ribotypes so that
no allocation could be made to any of the
control genospecies tested. For A
hydrophila andA caviae, however, groups
of strains (mostly from the same patient)
could be identified by indistinguishable
banding patterns. A relatively high pro-
portion (36%) of A sobria strains were
non-typable.
Conclusions-Although this universal
chemiluminescent probe is user friendly,
it is unsuitable for taxonomical investiga-
tions ofAeromonas sp. It is useful in epi-
demiological studies ofA hydrophila and
A caviae, but is ofless value for A sobnia.
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Although at least 11 phenospecies (distin-
guishable on the basis of a limited number of
biochemical characteristics) of Aeromonas sp
are now recognised,' it is only very recently
that essentially biochemical identification
schemes have been described for identifying
clinical Aeromonas isolates.2' However, several
phenospecies consist of a number of geneti-
cally distinct groups (genospecies) that are
biochemically similar. Hence at the DNA
level, the phenospecies have been assigned to
at least 14 hybridisation groups or

genospecies. Studies of hybridisation groups
to determine DNA relatedness use methods
that are usually confined to reference labora-
tories as they are technically demanding,
labour intensive, and involve radioisotopes.
Similar criticisms have been made of 16S
rRNA sequencing, even though it is the most
precise method to date for determining bacte-
rial phylogeny.4 A different approach investi-
gating the determination of rRNA gene

restriction fragment length polymorphisms
(RFLPs), also called ribotyping, has been
described for use in taxonomy.5 In two sepa-
rate studies of Aeromonas strains it was con-
cluded that there was no obvious correlation
between taxonomic groups and RFLPs, and
that the association between RFLP patterns
and hybridisation groups required further
investigation.67
We have recently examined Aeromonas spp

isolated from children with gastroenteritis
using three phenotypic schemes, each based
on biochemical reactions,8 and also by whole
cell and outer membrane protein (OMP) pro-
filing.9 Although whole cell protein profiles
were unhelpful for speciation, OMP patterns
were similar for 83% and 63% ofA caviae and
A hydrophila strains, respectively; extremely
heterogeneous OMP patterns were observed
with A sobnia strains.

Methods
A total of 69 Aeromonas strains was studied,
including 17 and 39 faecal isolates from
adults and children, respectively, who were
investigated for gastroenteritis in Sheffield.
Ten of the 13 reference strains (HG2, HG3,
HG5A, HG5B, HG6, HG8, HG9, HG10,
HGl 1, HG12) were kindly supplied by M
Altwegg (Institute of Medical Microbiology,
University of Zurich, Switzerland) and have
been described elsewhere.' The remaining
three organisms were American Type Culture
Collection strains ATCC 15468, 7966, and
43979 (A caviae (HG4), A hydrophila (HG1),
and A sobria (HG7), respectively). All clinical
isolates were oxidase positive, fermentative,
Gram negative bacilli, resistant to both low
(10 pg disc) and high (150 pg disc) concen-
trations of the vibriostatic agent 0129. These
isolates have been speciated using conven-
tional biochemical methods, the suicide phe-
nomenon, API 20 NE and haemolysin
production,8 and by whole cell and OMP
analysis using sodium dodecyl sulphate poly-
acrylamide gel electrophoresis (SDS-PAGE)9;
phenospecies designations were either A
hydrophila, A sobria, orA caviae.

All strains were examined blind in triplicate
and were decoded after ribotyping.
Ribotyping was performed, as described
before,'0 but with modifications. Overnight
growth from one plate of blood agar was
removed using a sterile swab and total DNA
extracted." After measuring the amount of
DNA by fluorometry (Hoefer) 1 pg DNA was
digested with the restriction endonucleases
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Sma I or Pst I (Gibco BRL), as recommended
by the manufacturer. Resulting fragments
were separated by electrophoresis through
agarose gels in TRIS-borate-EDTA buffer
and stained with ethidium bromide (0-5
,ug/ml) for 30 minutes. DNA bands were visu-
alised using an ultraviolet transilluminator
and the fragments transferred to a nylon
membrane (Hybond N, Amersham) using the
method of Southern, as described by Maniatis
et al.'2 A commercially available universal
probe of 16S + 23S rRNA (Boehringer
Mannheim) was used to hybridise the DNA
fragments resulting from the digestion of
total DNA with restriction endonuclease.
Measurement of the fragment size was
achieved by comparison with a DNA marker
(A DNA Hind HI/EcoR I digest) containing
fragments of known size. The DNA marker
was run on the same gel as the samples, and
the same DNA was used as a probe for the
marker. After boiling to produce single
strands this DNA was labelled in the same
way as the rRNA probe, and both probes were
then added to the same hybridisation buffer.
Both probes were labelled using the Enhanced
Chemiluminescent (ECL) Direct Nucleic
Acid Labelling and Detection Kit (Amersham
UK). The nylon filters were placed in hybridi-
sation buffer (Amersham) for one hour at
42°C. This is a specially optimised buffer
which protects the peroxidase labelling
reagent during this step. Although the formu-
lation of the buffer is not publicly known, it
does contain 6M urea and a novel rate
enchancer to increase sensitivity. Before use,
0-5M NaCl and 5% w/v blocking reagent
were added to the buffer and dissolved by
heating to 420C for one hour. For hybridisa-
tion, the labelled probes were added to the
hybridisation buffer and incubated overnight
at 42°C with agitation in a shaking water bath.
After hybridisation filters were washed twice
in primary wash buffer (6M urea, 04% SDS,
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0-5 x SSC where 20 x SSC = 0-3M sodium
citrate, 3M sodium chloride, pH 7-0) with
agitation for 20 minutes each at 42°C. This
was followed by two further washes in sec-
ondary wash buffer (2 x SSC) for five min-
utes each at room temperature.

Detection reagents (Amersham) were
mixed and added to the membrane under
darkroom conditions, and the banding pattern
was recorded by exposure to autoradiography
film (Hyperfilm-ECL, Amersham) for one
hour.

Results
rRNA GENE RESTRICTION PAlTERNS USING
Sma I
The universal probe (16S + 23S rRNA)
hybridised to fragments of Sma I digested
total genomic DNA of the reference strains
(fig 1). Although the intensity of some of the
hybridisation bands was much stronger than
others, which made comparison difficult,
between three and 10 bands were seen and all
hybridisation groups produced different pat-
terns. Both high (5 to 21 kilobases) and low
molecular weight bands (below 1-3 to 4-9
kilobases) were observed, although those
above 5 kilobases were usually more easily vis-
ible.
As with the reference strains, the three

phenospecies groups of clinical isolates all had
heterogeneous band patterns (predominantly
over 5 kilobases), making allocation to a
phenospecies on the basis of ribotype pattern
alone impossible. However, six pairs of A
caviae strains were indistinguishable and after
decoding it was established that each pair of
strains was from the same patient. A collec-
tion of four A caviae strains (SCH
35/36/37/38) (fig 2) was also shown to be
indistinguishable and comprised two pairs of
strains from different patients on the same
ward. Furthermore, four pairs ofA hydrophila
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Figure I Ribotype patterns of reference strains ofAeromonas digested with Sma I (HG = Hybridisation group).
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Figure 2 Ribotype
paterns ofA caviae strains Kb
digested with Sma I.

were also indistinguishable (results not
shown).
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strains were indistinguishable and each pair of
strains was also shown to have arisen from the
same patient. Only two (SCH 44/45) of three
strains ofA hydrophila (SCH 43/44/45) which
had been isolated from the same patient
and which were initially thought to be related

rRNA GENE RESTRICTION PATTERNS USING Pst I
Again, the universal probe hybridised to frag-
ments of Pst I digested total genomic DNA
from the reference strains (results not shown).
Each reference strain had its own distinct pat-
tern, and most of the observed bands were of a
high molecular weight (5 to 21 kilobases).
Although occasional low molecular weight
bands were found, these were slightly larger in
size than with Sma I and were in the range of
1-9 to 4-9 kilobases.

Similarly, the three phenospecies groups of
clinical isolates all showed heterogeneous pat-
terns and group allocation could not be made
on ribotype pattern alone. However, as above,
the same pairs of strains ofbothA caviae andA
hydrophila were found to have originated from
the same patients. The four A caviae strains
(SCH 35/36/37/38) (fig 3) were also indistin-
guishable with this restriction endonuclease.
The same two (SCH 44/45) out of three
strains ofA hydrophila (SCH 43/44/45) (fig 4)
were also shown to be indistinguishable.

Reproducibility of the technique was con-
firmed by analysis of replicates prepared from
separate bacterial colonies examined on dif-
ferent gels. Discrimination and typability of
the technique were best achieved if light
development of the chemiluminescent probe
was restricted to one hour of exposure of
autoradiographic film. This prevented the
development of very strong bands which
would have otherwise interfered with the visu-
alisation of the weaker bands. At all times a
molecular weight marker was used to ensure
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Figure 4 Ribotype patterns ofA hydrophila strains
digested with Pst I.

Figure 3 Ribotype
patterns ofA caviae strains
digested with Pst I.
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that the relative mobilities of the bands were
consistent.

Ribotypes could not be obtained for a small
number of strains (all A sobria) due to incom-
plete digestion with either restriction endo-
nuclease. However, out of a total of 15
restriction endonucleases that were tested,
Sma I and Pst I produced the most useful
ribotyping profiles after hybridisation.
Overall, 25% of the clinical isolates failed to
digest with Pst I and 13% failed to digest with
Sma I. After digestion with both restriction
endonucleases (not in combination) extrapo-
lated results showed that 90% ofA hydrophila
strains produced a ribotype suitable for inter-
pretation, 68% of A caviae strains, and only
36% of A sobria strains; 28% of A sobria
strains were typable using one of these
enzymes and Sma I digested more of these
strains than did Pst I. Moreover, because of
the lack of association between phenospecies
allocation and ribotype banding pattern, it
was impossible to identify strains that in the
previous study9 had shown discrepant results
between biochemical findings and OMP
analysis.

Discussion
Despite advances in taxonomical method-
ology it is still difficult for a diagnostic micro-
biology laboratory to identify strains of
Aeromonas sp to the genospecies level. More-
over, even though laboratories are now more
likely to identify isolates as A hydrophila, A
sobria, or A caviae, rather than just the A
hydrophila complex, problems still arise, due
in part to a complicated taxonomy and the
need to use many non-conventional biochem-
ical tests. To relate disease symptoms to bac-
terial species, we need to be able to identify
strains as accurately as possible. Several epi-
demiological surveys of Aeromonas sp have
shown that of 11 hybridisation groups recov-
ered from clinical material, three (A
hydrophila-HG1, A sobnia-HG8, and A
caviae-HG4) account for more than 85% of
all isolates.3-15 Our recent study, however, has
shown that even with the use of several phe-
notypic methods, the identity of roughly 10%
of strains remains uncertain.9 We therefore
considered that despite the heterogeneity of
aeromonads it would be worthwhile trying to
apply a genotypic method such as ribotyping
in an attempt to clarify this problem.

Unfortunately, two previous attempts to
use ribotyping (with the combination of 16 +
23S rRNA) as a taxonomic tool for Aeromonas
sp were unsuccessful.67 But these studies
focused on the high molecular weight, inten-
sively labelled bands. Compared with these
previous studies we have been able to show
stronger hybridisation with some of the lower
molecular weight bands (which are now
known to be the most useful, taxonomically)I
but there was still no discernible correlation
between banding patterns and phenospecies.
Moreover, it has recently been shown that a
567 base pair fragment of a 3 kilobase probe
of the 16S ribosomal gene is specific for

hybridisation to low molecular weight DNA
fragments, and gives a good correlation
between rRNA patterns and hybridisation
groups. This seems to be the best ribotyping
method described to date for use as a taxo-
nomical tool for Aeromonas sp, rather than
using a universal probe (16S + 23S rRNA)16
similar to the one used in this study. It is sug-
gested, therefore, that as our and previously
mentioned studies67 did not clearly demon-
strate the lower molecular weight bands,
despite using 16S rRNA in a combined probe,
this would have been unlikely to have been
due to a dilution effect. Instead, the differ-
ences in the probe labelling method of 23S
rRNA were more likely to have had a direct
effect on the labelling of 1 6S rRNA (reducing
it).

It was evident from our study that a num-
ber of strains of both A hydrophila and A
caviae produced indistinguishable ribotyping
banding patterns. A retrospective analysis of
clinical and microbiological findings showed
that all paired strains were isolated from the
same patient. However, this analysis helped
elucidate some genotypic similarities in the
following two examples.
Two specimens of faeces had been col-

lected from each of two patients with
gastroenteritis (SCH 35/36, SCH 37/38)
admitted to the same ward within seven days
of each other. Salmonella enteriditis and A
caviae were isolated from one patient, whereas
only A caviae was isolated from the second
patient. Previously, all four strains of
Aeromonas had been identified as A caviae by
conventional biochemical phenospeciation,
and by use of the suicide phenomenon and
aesculin hydrolysis, although they were
unidentified by API 20 NE.8 OMP analysis
performed on one strain only from each
patient showed them to be similar and to be
typical of the A caviae group.9 Moreover, our
ribotyping method, following digestion with
either Sma I or Pst I, showed that all four
strains were indistinguishable (figs 2 and 3)
and that these strains could possibly relate to
hospital cross-infection or could have arisen
from the same point source.

In the second example three strains of A
hydrophila were isolated from the same patient
(SCH 43/44/45) and were identical using bio-
chemical tests (including the suicide phenom-
enon) and API 20 NE; unfortunately only one
strain was tested by OMP analysis and this
was typical of the A hydrophila group.9 Using
ribotyping, following digestion with either
restriction endonuclease, two strains were
shown to be indistinguishable but the third
strain was dissimilar (fig 4). As with other
strains of organisms that are similar phenotyp-
ically, a genotypic method is often required
for differentiation and this raises questions as
to the importance and prevalence of mixed
infections caused by different strains of the
same bacterial species. Our findings con-
finmed that ribotyping is useful for compari-
son of isolates of Aeromonas sp isolated from
different patients and also for isolates from
the same patient.
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The strength of this technology for epi-
demiological purposes has been realised for
diverse Gram negative organisms17 and more
recently for Aeromonas sp in particular.8'19
Indeed, it was this method that allowed the
source of the first case of human intestinal
Aeromonas infection to have its source identi-
fied (shrimp cocktail).'9

In conclusion, we support the recent find-
ings that ribotyping for epidemiological analy-
sis of Aeromonas spp has great potential.'8
Moreover, direct chemiluminescent labelling
of E coli rRNA produces a sensitive, universal
probe suitable for clinical laboratory use in the
investigation of outbreaks. Other advantages
of this ribotyping labelling system are that all
reagents are commercially available and the
resulting labelled probe is, of course, non-
isotopic. A disadvantage of this technique is
that although most isolates of A hydrophila
and A caviae could be ribotyped, about a third
of the A sobria strains failed to produce read-
able banding patterns. Our results indicated
that this was primarily due to a lack of diges-
tion with either Sma I or Pst I, which agrees
with other findings,7 and that this was not
caused by the extraction of insufficient DNA
(data not shown). When we compared the rel-
ative activities of Sma I and Pst I against the
three phenospecies, more isolates (25%)
could not be digested by the latter restriction
endonuclease. Because of these findings, we
suggest that ribotyping of Aeromonas sp
should primarily follow DNA digestion with
Sma I, and if any doubt is raised concerning
the banding patterns produced, verification
can be attempted using Pst I digestion.
Our findings indicate that the usefulness of

this ribotyping method is limited by the rela-
tively high proportion of untypable strains of
A sobria. Interestingly, our previous taxonomi-
cal study of the same isolates also failed to
characterise these strains by OMP analysis as
there was a good deal of heterogeneity in the
banding patterns.9 However, certainly for
A hydrophila and A caviae, in comparison with
other molecular typing methods such as
plasmid analysis, OMPs, and isozyme pro-
files,67202' which have not been widely used
for epidemiological investigations, ribotyping
offers a major advantage. This is related to the
fact that DNA analysis avoids the potential
pitfalls associated with variable expression of
phenotypes such as enzyme activities. It is
more likely that larger diagnostic microbiol-
ogy laboratories with suitable facilities would
be able to use ribotyping as an epidemiologi-
cal tool for Aeromonas sp as long as pheno-
typic complexities do not stand in the way of
primary identification. If so, then ribotyping

makes it possible to investigate the epidemio-
logical links between isolates from patients
and their environmental sources, which until
now has been extremely difficult, even for
reference laboratories, and has hindered
our understanding of Aeromonas sp related
diseases.
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