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3. Executive Summary

Aeromonas sp., a bacterial genus comprising 14 genospecies (within which are 10
phenospecies) occur naturally in the environment and increasingly over the last 15-20 years
have been recognized to cause or be strongly associated with intestinal and extra-intestinal
infections of humans worldwide. In Dhaka, Bangladesh, the incidence in intestinal infections
of Aeromonas jsolation is approximately 20%.

Our intent originally was to collect isolates worldwide, including Bangladesh, and
study them fo determine which virulence features were primarily asscciated with strains
isolated from clinical sources. We soon discovered that the identification schema and
taxonomy for this genus were in a state of flux, so we embarked on what became a lengthy
and productive taxonomic alignment of this genus and devised a useful identification schema
as well. This was necessary to be able to correctly denote the strains, which we were able to
study eventually for virulence assessment. In the process, we designated two new species,
A. jandaei and A. trota and contributed valuable new information on - newly described
species, A. schubertii. Afterwards, we studied the virulence features of strains representing
the majority of the species.

Our findings have been published and have been requested from researchers
worldwide. Based on our work, researchers are now able to better identify the Aeromonas
isolates to species and all research done on these species can be better assimilated with other
research in the future. In the past research reports were a morass because the studies were
performed on poorly characterized strains.

We have reported on aerolysin (enterotoxin), elastase and have studied

autoagglutination, adhesion and serum susceptibility of Aeromonas sp. These findings have
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contributed to the overall knowledge of virulence of this bacterial genus. Such findings will

. nterveuntiv o
eventually contribute to a means of tafermation against Aeromonas infections in humans.

4. Research Objectives

This project was conducted because it was becoming apparent that Aeromonas was
being isolated in high frequencies from patients suffering from intestinal disease worldwide
and particularly in tropical countries. The incidence in tropical countries seemed to be much
higher in children than in adults.

While this information was accumulating, very little was known about the nature of
the virulence of the isolates, thus accounting for their pathogenicity. It was important to
understand how disease is caused, since ultimately chemotherapy and other interventions,
such as a vaccine, would be based on this type of information.

We became involved in the identification and taxonomy of Aeromonas, because we

really wanted our studies to have some validity and to be compared with future studies of a
similar nature. We soon found that many of our isolates, collected from various paits of the
world, were not correctly identified so we decided to perform a numerical taxonomy study of
our isolates. This then led to the development of an identification schema and a copyrighted,
computer based identification system (FLOBAN).

This work (see enclosed reprints) fit in with some research performed by Kuijper et
al. (1989), Altwegg et al. (1990) and Arduino et al (1988). Each attempted phenotypically to
separate the different DNA hybridization groups with limited success. Because these studies
did not satisfactorily separate the various genotypes using phenotypic clustering, this study

was done. We examined a large set of aeromonads representing as many species as possible,



including clinical, veterinary and environmental isolates and originating from many different
geographic sources. We were able to phenotypically delineate all but two of the total
recognized genospecies.

We then developed a schema for identifying Aeromonas to the species level (see
enclosed reprint). The previous approach (Popoff & Veron, 1976) had becorite cumbersome
and was not useful for some of the new phenospecies identification. With AeroKey II
(Carnahan et al., 1991), it is now possible to identify reliably all of the major, important
clinical species.

The innovative aspects of the above work were based mainly on the selection of the
tests, which were used in this work. Further, research on the identification schema and
FLOABN were completely original in their conceptualization and development.

Another major part of the problem was the nature of the virulence of these organisms.
We studied the following;:

Aerolysin - (see enclosed reprint)

We looked at the aerolysin genes of all of the genospecies and found that A. trota had
a unique region which was completely different from all of the other species. This had not
been reported for any of the species previously. The only similar work was by Lior et al ()
who developed a probe for A. hydrophila which could encompass hybridization groups 1, 2,
and 3 (motile, mesophilic strains). Jennifer Pryde’s work in my lab has shown through PCR
and sequencing of the AerC region that the homology for this regiun in A. trota is >95% (to
be published). In the process of doing this work, she found that two strains were atypical in
that they were non-hemolytic under the correct temperatures and nutrient availability and

when tested against either horse or rabbit erythrocytes (Afsar Ali, to be published).
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Elastase - (see enclosed reprint)

We studied 166 acromonads using a new method developed in my lab. Of the 166,
32% were found to produce elastase. The only species found positive of those tested wés A.
hydrophila. Two exceptions were one strain of Aeromonas group 501 and one strain of A.
schubertii. This reinforced the notion that A. hydrophila was an important pathogen and
elastase could be an important contributory virulence feature.

While this feature has been studied sporadically on various strains, this is the first
study performed on a large number of well-characterized strains using a reliable assay (Hsu
et al., 1981; Renaud et al., 1988).

Autoagglutination, Serum Susceptibility and Adhesion -

Research on autoagglutination, serum, susceptibility and adhesion was performed by
Saeed Feize in my lab and is unpublished. These are important virulence features of
aeromonads which are part of this research concept. We were interested in determining if
there were significant differences between species or between strains within species. This
work is described in Section 5 below.

Isozymes -

After studying several isozymes, we concentrated on esterases which demonstrated
several bands in many instances. There was substantial difference not only between species,
but between strains within species. This finding was important because it can allow us to
fingerprint particular strains within species. Since there is a great deal of difference in

virulence from strain to strain, esterase patterns provide an ideal biotyping technique.



5. Methods and Results

The methods and results are shown in the eighteen reprints attached to this report. In
this section, I have included the summaries of two Master’s theses on Aeromonas research
which is presently being written up for publication. I would be pleased to supply full copies
of both theses if needed.

The following work was performed by an honor’s undergraduate s@ﬁ,bnt on

autogglutination, serum susceptibility and adhesion of aeromonads.



Matarials and Methods

Graph of Optical Density vs. Colony Forming Units per ml (CFU/ml).

To obtain the correlation between density of bacterial suspension
in PBS and the number of cells per ml in the suspension, the following
expe.iment was performed.

Among the available strains of bacteria, one strain (A.
hydroohila, AMC#1) was chosen, grown in 50 ml TSB for 4h at 37°C,
centrifuged, washed with 20 ml PBS twice and finally resuspended in 20
ml PBS. The optical density of this suspension was measured at 420 nm
with the Spectronic 20; then serial 2-fold dilutions of this suspension
were made and the optical density of each dilution was measured. To
obtain the number of cells in the original suspension, serial 106-fold
dilutions of the original suspension were made and 0.1 @l from 108,
107, 108 fold dilution tubes were plated on TSA plates in duplicate,
incubated at 37°C overnight and the average number of CFU recorded with
the use of an electronic colony counter. Based on this data, tha

density of the original suspension was determined to be 2.27 x 109



cells/ml. Using this number as the titer of the original suspension

and the dilution factors shown in Table 1, the corresponding cell

densities (CFU/ml) for the optical densities listed in Table 1 were

derived and a graph of cell density vs. optical density was plotted

(Figure ).

»

Part I. Serum Survival Assay (Viable Cell Count Héthod)

A.

Bacterial Strains. Fifty strains of Aeromonas from various

clinical and environmental origins were selected and challenged in
vitro against normal human serum bactericidal effect. Table A
presents the distribution of the clinical and environmental

species of Aeromonas (A. hydrophila, A. sobria, A. caviae) strains

tested.

Growth of Bacterial Cells. Each strain was grown on Tryptic

Soy Agar (TSA) and incubated at 37°C for 24 hr. Then a heavy
inoculum was transferred from the TSA plates to 2 ml small vials
containing 1.5 ml broth medium with 12% glycerol (Tryptic Soy
Broth + 12% glycerol by volume which was already autoclaved to
assure.sterility). Vials were placed in a jar containing methanol
and immersed in liquid N2 to quick freeze. Vials were then stored
at -70°¢C. |

On the day of each experiment, the selected 1.5 ml vials were
partially thawed and a loopful of growth from each vial was
streaked on a TSA plate. After 24 hr. of incubation at 37°C, a
single colony was transferred to a 250 ml culture flask containing
50 ml Tryptic Soy Broth, incubated in a water bath shaker at 37°C

for 3 to 4 hr. at 250 rpm, transferred to 50 ml screw capped



centrifuge tubes and centrifuged for 15 min. at 5000 rpm (4068 q)
(4°C). The pellet was washed in 50 ml PBS (pH = 7.4) twice and
finally was resuspended in 20 mls of PBS. After appropriate
dilutions, a bacterial suspension with an optical density of 0.5
to 0.55 at 420 nm was obtained. By the use of the standard graph
of cell density vs. optical density (previously obtained for a
single strain of Aeromonas), this suspension of bacterial cells
(0.D. = 0.5 to 0.55 at 420 nm) was estimated to contain a cell
density on the order of 108 cells/ml. After serial 10-fold
dilutions, a stock solution of 104 cells/ml was used for the serum
survival assay following the protocol presented in the method of
assay described below. The formulae for all media and PBS used in
this assay are listed in the appendix.

Preparaticn of Serum

Blood was obtained from 5 individuals, allowed to clot at room
temperature for 1 hour and refrigerated at 5°C overnight. The next day
it was centrifuged at 5000 rpm (4068 g) (4°C) for 5 minutes; the serum
was separated from the blood clot using a Pasteur pipette, pooled and
stored in 1.5 ml aliquots in Eppendorf tubes at -70°C. On the day of
each experiment, one or two tubes of serum were thawed at 0°C and used

for the assay.

Method of Assay

The following protocol was used to set up 10%, 30%, 50% and 70%
serum suspensions of bacterial cells in 1.5 ml microfuge tubes, to

which 75 ul of a bacterial suspension of 104 cells/ml was added.
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Serum Suspensions

Control 10% 30% 50% 70%
Bacterial suspension 75 ul 75 ul 75 ul 75 ul 75 ul
PBS o 175 ul 150 ul 100 ul 50 ul 0
Serum 0 25 ul 75 ul 125 ul 175 ul
TOTAL VOLUME 250 ul 250 ul 250 ul 250 ul 250 ul

Each Eppendorf tube was jncubated in the water bath at 37°¢C
immediately after the addition of serum. After 15 and 45 minutes of
incubation, 50 ul from cach tube was spread on a TSA plate by the use
of a sterile glass rod. The plating was done in duplicate. The plates

were incubated in a 37°C incubator overnight and the average number of

colonies on duplicate plates was recorded.

Part I. Serum Survival Assay (microcolorimetric assay). A variation

of the Moll et al. method was used (20).

Growth Media. Two kinds of broth media were used: Tryptic Soy Broth

(TSB) and Peptone-Glucose Broth (PGB). The formulas for both are

listed in the appendix. PGB contained additionally 0.5% of a 1.5%

stock solution of Bromthymol Blue in ethanol.

Method of Assay. Frozen aliquots of bacterial strains were thawed at

0°C. A loopful of growth from each aliquot was streaked on a TSA plate
and incubated at 37°C overnight. Bacterial colonies from each TSA
plate were transferred to corresponding wells of microtiter plates
(8x12 wells).containing 0.2 ml of TSB per well by using sterile wooden

applicators and incubated overnight at 37°C. A multipoint inocculator
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(6x8) was used to inocculate bacteria from overnight cultures to a new

nicrotiter plate containing TSB (.2 ml per well). After incubation of

the plate at 37°C for 2 h., the log phase bacteria were transferred to

a new microtiter plate containing PGB using a multichannel pipettor (10

ul per well). The plates were incubated at 37°C for 3 hrs. after which

the results were read and recorded using the folloqing system:

Yellow

Very light green

Light green

Blue

= 0 -===——- Resistant
= 1l ~ememee Intermediately Resistant
= 2 —————— Intermediately Resistant
= 3 - Sensitive

The following illustration shows how a microtiter plate was set up

to do the assay.

Content
All across the row
aControl (no serum)
b30% serum
Control (no serum)
€50% serum
Control (no serum)
30% serum
Control (no serum)

50% serum

G

H

Microtiter Plate

12 3 45 6 7 8 9 10 11 12

sControl contains 150 ul of PGB + no serum.

b30% serum contains 105 ul PGB + 45 ul serum (45ul/150ul=30%)

¢50% serum contains 75 ul PGB + 75 ul serum (75ul1/15011=:50%)
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In each column, two different strains (A through D) and (E through
H) were challenged against 30% and 50% serum. Therefore in each

microtiter plate 24 different strains can be assayed for their serum

susceptibility.

Source of Serum in Microcolorimetric Assay. Instead of pooled human

serum used in the viable cell count method, my own sérum was used in
the microcolorimetric assay. The switch to my serum was done for two
reasons: firstly, it was more convenient to have my own blood drawn
rather than getting the same individuals who donated the blood the
first time and drawing their blood. Secondly, a change to my own serunm
was justified by observing the same results obtained in assays
perforaed on strains AMC #6, and MSH-34 with my own serum. They were
both sensitive to my own serum as they were ;o pooled human serum. The

preparation of my own serum was the same as mentioned for pooled human

serum.

Part II. Adhesion Assay. A variation of the enzyme-linked assay

(Beachey et al., 1986) was used (24).

Reagents. Unless specified otherwise, all reagents and chemicals

were purchased from Sigizza Chemical Co. The descrintion of each

chemical is listed in the appendix.

Bacterial Strains. Fourteen different strains of Aeromonas (as

listed in Table C, appendix) were streaked on TSA plates and incubated

overnight. A single colony from each plate was transferred to a 250 ml
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culture flask containing 30 ml of sterilized TSB and each flask was
incubated in a water bath at 37°C for 3 1/2 to 4 hr. at 250 rpm. After
this period of incubation, the broth culture was centrifuged, washed
twice in 20 ml PBS (pH = 7.2) and finally resuspended in 10 nl
bicarbonate buffer (0.1 M sodium bicarbonate, pH = 8.2).

From this stock suspension, 0.5 ml was transfeired to a clean
sterilized cuvette and an adequate amount of bicarbonate buffer was
added to adjust the optical density of the suspension to 0.7 at 550 nm.
At this point a 1.0 ml alicuot of this suspension was transferred to a
1.5 ml microfuge tube. After addition of 12.5 ul of biotin-n-hydroxy
succinamide (10 mg/ml in dimethyl sulfoxide) to 1 ml aliquots of
bacterial suspensions, the tubes were incubated for 2 h at ambient
temperature. The bacterial suspensions were centrifuged at 5000 rpm
for 10 minutes, and pellets washed with PBS three times. After the
last centrifugation, the supernatant was discarded and the pellets were

stored at -70°¢., ©n the day of each experiment, the cells were thawed,

resuspended in PBS and used in the assay.

Preparation of Tissue Culture Cells. Hela cells were provided as a

gift from Dr. Ed Oaks at the Walter Reed Army Institute of Research

(WRAIR). The Hela cells formed a monolayer after a few days of growth
in tissue culture flasks at 37°C and in the presence of 5% COz. After
formation of a monolayer, (approximately 3 days), the media was poured
off and the Hela cells were washed three times with trypsin. After the
last wash, the Hela cells were resuspended in fresh media and 0.1 ml

was added to all wells of 5 microtiter plates. After incubation in the

presence of 5% COz at 37°C overnight, the plates were examined the next
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day for formation of a monolayer at the bottom of each well. Then the
plates were washed three times with PBS and blot-dried upside down on
blotting paper. Then the cells were heat-fixed by incubation of the
plates at 70°C for 30 minutes, after which 0.1 ml of a 5% solution of
BSA (0.5 g BSA in 10 ml water) was added to each well. The plates were
incubated at 37°C for 3 hr and washed 3 times with FBS and blot dried

on blotting paper, at which time the Hela cells were ready for the

adhesion assay.

A. Determination of the titer of cells in 1 ml aliquots of

biotinylated strains. Serial 10-fold dilutions of a 1 ml aliquot of

thaved, resuspended biotinylated strain AMC #1 in PBS were made and 0.1
ml from 103, 108, 107 and 10% fold dilution tubes was spread on
corresponding TSA plates. There were nu colonies on 108 plates, 2
colonies on 107 platec, an average of 50 colonies on 106 plates, and
more than 300 colonies on 103 plates. Therefore, the titer of the

suspension was determined to be 5x108 cells/ml.

B. Adhesion Assay. To the corresponding wells of a microtiter nlate

as illustrated in the following Table, 50 ul of each of 14 biotinylated
strains of Aeromonas was added and the plates were incubated at 37°C
for 40 min. Then, the wells were washed with PBS 3 times and blot
dried upside down on blotting paper for a few minut 's. To heat-fix the
attached bacteria, the platas were incubated at 70°C for 15 min. After
this period of incubation, 100 ul of avidin-peroxidase conjugate {APC)
was added to each well and the plates wefe incubated for 30 min. at
37°C. Then, the plates were wa§hed 3 times with PBS and blot dried as

mentioned above, followed by addition of 100 ul of
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orthophenylenediamine (OPD) solution to each weil. The formulation of
OPD is listed in the appendix. The color was allowed to develop for 3

hr., and the absorbance at 450 nm was measured with a microtiter plate

reader. '
1 2 3 4 N )

H cell + H cell + »
Bactgrial Bactgrial No H cell + No H cell +
Strain Strain BSA No BSA

A N6 . AMC #1 N6 N6

B MSH-5 2 AER76 MsH-5 MSH-5

C AER 218 AMC #2 AER 218 AER 218

D AER 321 AB3-25 AER 321 AER 321

E VM94365 AMC #9 VM94365 VM94365

F V82255 AB3 VM82255 VM82255

G N54 PBS N54 N54

H AMC #7 PBS AMC #7 AMC #7

Second Experiment. Since in the first experiment, the strains were not

tested in duplicate (two wells for each strain), 8 strains out of 14
strains assayed in Experiment 1 were chosen for a second run of the
adhesion assay. These included strains N6, N54, AER218, AB3, AB3-25,
AMC #7 and AMC #9 which had the highest absorbances and strain AMC &2
which had the lowest absorbance among 14 strains assayed in the
previous experiment.

This ascay was performed in two plates in the following manner:
In plate #1, the experiment was performed on 8 chosen strains in
duplicate (column 1 and 2) exactly as done before. In other columns,

different lectins (see Table D in Appendix) were used to study the
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inhibition of attachment of the bacteria to Hela cells in the presence
of lectins. Thirty-five microliters of each lectin was added to each
well containing heat-fixed Hela cells and the plates were incubated at
37°C for 1 hour. Then 50 ul of biotinylated bacteria were added to
each well and the plates again were incubated at 37°C for 1 hour.
Everything else was done as described in the previg?s experiment. In
this experiment a PBS column on the microtiter pléte was intended to be
used as a blank in the measurement of absorbance with the microtiter
reader (Titertek, Multiscan MC). However, the PBS column did not work
(all wells developed color; see explanation provided in discussion),

and air was used as the blank.

Third Exveriment. Since the PBS control column did not work as

described above, the adhesion assay was performed on the 8 chosen
strains one more time and with proper precautions to preserve the PBS
control column (throughout the entire period of experimentation the

plate was kept in the dark). (See discussion for explanation.)

Fourth Experiment. To obtain the correlation between absorbance at 450

nn and the number of bacterial cells present in each well, the
following experiment was performed:

The titer of 1 ml aliquot of resuspended biotinylated bacteria in
PBS (fcr strain AMC #1) was determined as explained before (5x10®
cells/ml). Then the resuspended bacteria were centrifuged, the
supernatant was discarded and the pellet was resuspended in 1 ml of
avidin-peroxidase conjugate. Then the 1 ml suspension was incubated at

37°C for 1 hour and centrifuged and the pellet was washed in 1 ml PBS
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three times and finally resuspended in 1 ml PBS. Then serial 10-fold
and 2 fold dilutions of this suspension was made. From each dilution
made, 50 ul was added to the wells of a microtiter plate, followed by
the addition qf 100 ul of OPD. The color was allowed to develop for 15
minutes and thé absorbance at 450 nm was measured. Then, based on the
values oi absorbance obtained in this experiment, Ehe graph of the

number of bacterial cells per well vs. absorbance at 450 nm was

plotted. (See Appendix)

Autocaggqlutination Experiment

Eighteen Jdifferent strains of Aeromonas species of clinical and
environmental origin (including the 14 strains tested in the adhesion
assay) were inoculated into Eppendorf tubes containing 1.5 ml of Brain-
Heart Infusion Broth (BHI broth, see Appendix for formulation). After
24 hrs. incubation at 37°C, 10 ul from each Eppendorf tube was then
transferred to (16x125 mm) *test tubes containing 6 ml BHI broth. A.
hydrophila strains were incubated at 37°C, and A. sobria strains were
incubated at 29¢7. After 18 hours of incubation spontaneous auto-
agglutination or pelleting (SP) was detected by absence or presence of
a small white button on the bottom of the tubes. Then all tubes were
vortexed for 30 seconds to bring all bacteria to suspension and 3 ml of
each tube were transferred to a clean test tube. This second set of
test tubes was placed in a boiling water bath for 1 hour. The
autoagglutination arter boiling (PAB) was detected by presence or

absence of large aggregates of bacteria at the bottom of the tube.
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Results of Virulence Studies

Auto-agglutination -

It was found that strains within specics could have differing characteristics for
spontaneous peileting (SP) or pelleting after boiling (PAB). If this phenomenon can be
regarded as a virulence factor, these findings suggest that sore strains within a species can
be more enhanced for virulence because of the auto-agglutination property (Table 1).

Serum susceptibility -

Similar to our auto-agglutination studies, it was observed that serum susceptibility can
differ among strains within species suggesting that some are more capable of activating
complement than others. Again this property would convey a greater capability to survive,
particularly where extra-intestinal infections are involved (Table 1). A large portion of the
clinical strains (60%; 12/20) were resistant to serum killing, suggesting the potential
pathogencity of a greater number of clinical strains (Table 2).

The frequency of resistant strains was higher with A. hydrophila and A. sobria than

with A. caviae. Other studies have suggested that A. caviae is the least pathogenic of the

three major species. Thus, serum susceptibility is at least one factor which may account for
this observation (Table 3).

Adhesion -

When tested against HeLa cells using biotinylated Aeromonas strains and an avidin
peroxidase conjugate (APCO) with orthophylenediamine (OPD) indicator, it was found that
all of the strains had some degree of adhesive capability. AB2-25 was the most adhesive
strain and AMC-2 was the least adherent (Table 4).

We were able to obtain a saturation curve for the maxium numbers of strain AMC |
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Table 1. Autoagglutination and serum survival analysis of thirty-five strains of
Aeromenas sp.
Source Run #1 Run #2 Serum Survival Assay
and Organism 1.D. Results Results
Strain # | Donor # Viable Micro-
SP* PAB® | SP PAR Cell Count color-
metric
Assay
Stool 34 | MSH-5 Aeromonas sp < 4 ND* S
10 AB3° A. trota (N)f - - - - R R
11 AB3-5 A. trota (N) - - - +¥ R R/S
12 AB3-15 A. trota (N) - - - - R R/S
A. trota
13 AB3-25" (Grp 5A) - - - - R R
A. caviae (V)
Stool 42 | UM94303 | (Grp 5A) - - - - ND R
Stool 44 | UM2255 A. caviae (V) - - - - ND R
l AMC-1 Aeromonas sp - + ND R R/S
2 AMC-2 Aeromonas sp - ND R R
6 AMC-7 Aeromonas sp - ND R R
8 AMC-9 Aeromonas sp - - ND R S
25 AER-76 Aeromonas sp - ND R R
29 AER-218 Aeromonas sp - ND ND R/S
fecal 287 AER-321 A. hydrophila (H) + + + + S R/S
Env. NMRI-1 Aeromonas sp No Growth ND No Growth
(Grp 4)
Env. 40 | NMRI-2 A. caviae (X) - - - - ND R
Env. 20 | NMRI-3 A. hydrophila (H) - - - + ND
G.L NMRI-4 Atyp. A. - - - - ND ND
hydrophila (D)
Lung NMRI-5 A. hydrophila (H) - - - - ND ND
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Ssdz;c‘lf A bl PP < 7/7%5 ‘ g/f Pz VA%;ZZ/X/ aj@h
Leg - - - ND R/S
wound
23 NMRI-6 Aeromonas sp
Leg - - - + ND ND
wound | NMRI-7 A. hydrophila (H)
Env. NRMI-16 | A. hydrophila (H) - + - + ND ND
Env. 24 | NMRI-54 A. hydrophila (H) - - + R R/S
Env. 21 | NMRI-55 A. hydrophila (H) - - - + ND S
Env. 22 | NMRI-56 | A. hydrophila (H) - - - + ND S
Bld. NMRI-124 | Aeromonas sp - - ND ND ND
Bld. NMRI-125 | Aeromonas sp - - ND ND ND
Foot
wound | NMRI-150 | Aeromonas sp - - ND ND ND
G.L NMRI-203 | A. hydrophila (H) | +/- + + ND ND
G.I. NMRI-204 | A. hydrophila (H) - - - + ND ND
G.IL NMRI-206 | Aeromonas sp + - - ND ND
G.I. NMRI-208 | Aeromonas sp - - ND ND
(Grp 4)
G.I. NMRI-209 | A. caviae (X) - - - - ND ND
G.L NMRI-210 | Aeromonas sp + < NP ND ND
Sputum | NMRI-214 | Aeromonas sp - - ND ND ND

Nalidixic acid mutant of A. trota AH-2.
“Site directed mutants of AB-3.

'SP, Spontaneous pelleting

*PAB, Pelleting after boiling

‘-, negative; ‘+, positive; °ND, Not dztemined

'C-J cluster group

!.DNA hybridization group




Table @: Experiment I: Adhesion of Aeromonas to Hela cells in Elsa

adhsion assav.
Absorbance measured at A450
Strain# . Donor's # Eela cell : Mo Eela Cell
gela cell%BSA+Ampormaas CEBSA** SBSA***
23 M6 .169 1912 .272
.34 MSzE-5 .099 .laa .232
29 AZR-218 - 177 .148 .253
13 £B3-25 .476 : .143 .2%5
42 VM24303 .103 . 145 .241
L4z vM82255 .109 .143 .347-
24 N54 .152 .310 .240
7 AMC#7 .128 .176 .322
1 AMCH1 .115 _FRH _
25 \ZF~76 .105 - -
2 AMCH .082 _ _
23 AEZR321 .109 _ _
2 AMCES .125 _ _
10 2323 .143 _ _
rig~* .053 - -
*: PES was used as control klank.
==: CE Treated with BSA.

Not treated with ESa.
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Table FP: Experiment II, Adhesion of Aeromonas to HelLa Cells in ELISA Adhesion

Adhesion Assay

No
Hela Cells Hela Cells

Strain Donor '
Number Number slec® LiP L2 L3 L4 L5 L6 L7 PBS® cBSAe sBSA

23 N6 .377 .355 .392 .487 .418 .416 .424 .570 .356 .282 .295
29 AER218 .342 .376 .344 .408 .357 .362 .359 .487 .322 .227 .283
13 AB3-25 .457 .418 .449 .470 .440 .470 .463 .523 .325 .289 .392
24 N54 .385 .325 .449 .396 .363 .380 .372 .480 .358 .240 .430
7 AMC #7 .433 .485 .444 .398 .483 .436 .454 .477 .369 .321 .452
8 AMC #9 .403 .377 .419 .405 .432 .424 .396 .502 .390 .293 .442
10 AB3 .439  .441 .447 .423 .498 .474 .469 .518 .418 .347 .s511
2 AMC #2 .388 .430 .380 .354 .457 .446 .460 .598 .351 .325 .427

The absorbance observed for attached bacteria to Hela cells in absence
of lectins. The average of two values obtained for the same organism
in two wells (duplicate) was recorded for each strain tested.

a g lec:

b The average of two values obtained in the presence of lectins was recorded for
each strain. The number affixed to L represents the number of lectin used and
it is the same as listed in list of lectins (see List of Lectins, Table D in

Appendix).

¢ The PBS control column which was supposed to be used as blank did not work.
Air was used as a blank. 50 microliters of PBS, instead of biotinylated

bacteria, was added to all wells in this colunmn.

d ¢BSA = Treated with BSA
SBSA = Not treated with BSA
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Table ﬂi:Expe:iment III:Adhesion of Aeromonas to Hela cells in

T135A adhesion assay.

A450
Strain# Donor's # ‘Bucteria*  PRBS**
23 Né 1.173 .017
29 AER218 1.005 .016
13 AB3-25 1.108 .018
24 N54 1.059 .018
7 AMC#7 1.059 .014
8 AMC#9 1.076 .016
10 AB3 1.045 .015
2 AMC#2 0.924 .021

#7ha averaze of two values of AlSC waz recorded taking PBS cont:

## 90 miswnliters of P3S,instead of biotinylated bacteria,was

¢column, The oolumn was used as coasrol blank.

value into conside:

d to all wells in t.
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which could attach to the HeLa cell monolayer. Using dilutions 1:2 through 1:100 of a
heavy suspension of cells and adding 50 ul of biotinylated cells to each well, it was
determined that the 1:8 dilution (OD.290) represented the maximum number of binding sites

avail?@&: on the monolayer (Fig. 1).

6. Impact, Relevance and Technology Transfer

The findings of this study will be relevant in Bangladesh and other countries because
they will enable scientists and medical technologists to accurately identify their isolates. Our
studies on virulence features provide an opportunity for them to study the virulence features
of Aeromonas sp. using our techniques and to compare their results with ours. The impact
will be on the health of individuals in developing countries. These studies and similar
studies will eventually lead to stratzgies for reducing incidence of diarrheal disease by
aeromonads.

Large scale trials are warranted because there is still a need to establish absolute
causation of diarrheal disease by Acronmonas, although strong associations have been shown.
A large well-designed epidemiologic study, which addresses the criteria of causation should
be performed.

We have trained scientists in Bangladesh and two have been graduate students in my
laboratory. These individuals are now independently capable of performing state-of-the-art
research on Aeromonas.

As a matter of fact, Dr. Brad Sack at ICDDR,B informs me that they are presently
contemplating a study to measure IgA production by antibody secreting cells in response to

intestinal infections by various species of Aeromonas.
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7. Project Activities/Qutputs

® Meetings attended -
American Society for Microbiology Annual Meetings - 1988, 1989, 1990
Interscience Conference on Anti-Microbial Agents & Chemotherapeutics - 1991

International Symposium on Aeromonas and Plesiomonas - 1988, 1990

® Training -
- Trained a technician from ICDDR,B, Afsar Ali, for four months in my lab, 1988-89
- Post-Doc for four months, Volker Husslein, 1991

- Two graduate students from Bangladesh, Afsar Ali and Jafrul Hasan

Graduate students, Post-doctoral associate and technician supported in this work:
L. Volker Husslein, Ph.D. (Post-doctoral associate)

2. Amy Carnahan, M.S.

3. Jafrul Hasan

4. Mohammed Afsar Ali, M.S.

5. Jennifer Pryde, M.S.

6. Paul Macaluso

7. Viola Zaki, guest scientist

8. Saced Feizi, undergraduate Honor student

\O

. Marie Head (technician)
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In addition, a workshop on Aeromonas identification (see attached copy) was held in

which approximately 20 students were traired. This was at nio cost to the grant.

Major Contributions:

1.

2.

10.

11.

12.

Review on isolation of Aeromonas.

Articles on physiologic characteristics.

Articles on virulence features including elastases and aerolysin (enterotoxin).

Articles on Taxonomy and Identification of Aeromonas.

Development of AeroKey II - an identification schema for Aeromonas.

Development of FLCABN (For Lack of a Better Name), a computer based system for
data storage management and assessment for Aerornonas identification,

Workshop on Aercmonas identification held at ICDDR,B, Dhaka, Bangladesh.

One technician from ICDDR,B was trained in our lab for four months to be able to
analyze and identify Aeromonas.

i g5
Five M.S. graduate students and,contributed to this work which was supported in part

or totally by this A1 grant. Gre-paser-totaty-ty~thisAdB=grant. One of these
students was from Bangladesh and one other from Bangladesh worked fy6l two years
on the project.
Seventeen articles, 24 abstracts and one technical article have been published with
support of this grant.

. . o and
Designation of two new species Aeromonas jandaei and A. trotancontnbuted several

new strains and information on another new species A. schubertii.

Developed a new method for the assay of the enzyme, elastase.
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Patents -

While there are no patents resulting from this research, we do have a copyright and

trademark for the FLOABN program.

8. Project productivity -
Overall we probably accomplished much more than we anticipated, because of the
additional taxonomic work that was done. I was fortunate that so many people were willing

and able to become involved in this work, especially Amy Carnahan who was untiring and

outstanding.

9. Future work -
(See my comments in 6 above)

There is additioral work to be done on the taxonomy of environmental strains and the

molecular genetics of aerolysin.
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ABSTRACT

Title of Dissertuation: Taxonomy, Virulence ard Distribuiion of
Aeromonas sp. Recovered from Clinical,
Environmental and Other Sources

Name of Degree Candidate: Mobammed Afsar Ali

Degree and Year: Master of Science, 1993
Thesis directed by: Sam W. Joseph, Ph.D.
Professor

Department of Microbiology

A group of 165 Aeromonas strains of diverse geographical origins and sources
were initially phenotyped to the species level (DNA Hybridization Group (HG) level)
using a profile of 11 discriminatory tests or AeroKey II. The strains were phenotyped
to the species level to cnable examination of the distribution of Aeromonas phenospecies
in clinical versus environmental samples. The results showed a similar incidence of a
particular species found in clinical and water samples in Bangladesh, which
corresponded to the spectrum of species in food saraples in the U.S.A. The incidence

of A. caviae was the highest in both clinical and environmental samples.

Extensive phenotypic characterization and subsequently, genetic analysis, led to
the discovery of a new Aeromonas species (A. trota based on 13 strains, which are
ampicillin susceptible and are mostly of clinical origin). Another new subspecies,
Aeromonas salmonicida subsp bestiarum based on 11 strains (formerly DNA HG2) of
mostly environmental and animal origins was designated, also.

Hemolysin activities and specificities for distinct erythrocytes among recently

described Aeromonas species, A. trota, and A. jandaei and the long recognized



pathogen, A. hydrophila, were examined. This study revealed that hemolysin activities
and specificities not only vary among Aeromonas sp. but also among strains belonging
to a particular species. A. trota 5274, which was previously described as non-
hemolytic, was in fact beta hemolytic as demonstrated by use of multiple approaches
under defined conditions. This finding further proved that Aeromonas hemolysin may
be either under the regulation of various environmental controls or that Aeromonas may

elaborate similar hemolysins of different specificities.
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ABSTRACT
Title of Thesis: Analysis of the aerC and aerA regions
of the aerolysin gene of Aeromonas sp.
with emphasis on Aeromonas trota.
Name of degree candidate: Jennifer Newcity Pryde
Degree and Year: Master of Science, 1993
Thesis directed by: Sam W. Joseph, Ph.D.

Professor
Department of Microbiology

The genus Aeromonas has been implicated as a possible
pathogen in gastrointestinal disease. A possible virulence
mechanism widely studied is the beta hemolysin aerolysin.
DNA hybridization studies, using probes from Aeromonas
trota AH2, have revealed that although the aerolysin
structural gene denoted as aerA could be detected in all
Aeromonas definition strains tested, a proposed regulation
region upstream of aerA, designated as aerC hybridized only

to strains belonging to A. trota. The aerC and aerA regions

of the known A. trota strains were sequenced and the
resultant nucleotide and protein sequences were compared
for homologies. This was accomplished in a three step
procedure, consisting of the Polymerasg Chain Reaction
(PCR), automated DNA sequencing, and subsequent computer
analysis.

The homology of the nucleotide seguences for the aerC and
aerA regions was above 90%, while the protein seqﬁences for

the structural gene (aerA) was found to average 98% or

LA



above. Only two strains, 5274 and 5439 were relatively less
homologous (<95%) in both the nucleotide and protein
sequences. Their nucleotide sequences contained significant
differences in the aerA region compared to the other
sequenced strains of A. trota which also resulted in amino
acid changes. Two of the amino acid bhanges could be
responsible fur the non-hemolytic phenotype displayed by
these two strains. These results indicate that the aerC and
aerA regions are highly conserved within the species A.
trota. In addition, attempts to amplify other Aeromonas
species in the aerC region had very limited success.
Although earlier studies suggested a high degree of
hcmology in the aerA region among Aeromonas DNA
hybridization groups (HG), some PCR primers in the aera
region were found to be highly specific for particular

HG’s.

—



. SYSTEMATIC
AND

APPLIED
MICROBIOLOGY

-
@g Gustav Fischer Verlag
semrer @ Stuttgart - New York



Taxonomic Analysis of the Genus Nanthomonas Based on Farty Acid Composition 71

Henningson, P. ., Gudmestad, N. C.: Fauy acid analysis of phy-
topathogenic corvieform bacteria. J. Gen. Microbiol, 137,
42740 (1991)

Hildebrand, D. C. Palleroni, N. [ Schroth, M. N.: Deoxy-
ribonucleic acid relatedness of 24 xanthomonad sirains repre-
senting 23 Nanthomonas campestris pathovars and Nanth-
omonas fragariae. | Appl. Bact. 68, 263-269 (1990)

themoto, 8., Kuraishi, 1., Komagata, K., Azunia, R., Suto, 1.,
Murooka, 11: Cellular tatey acid compaosition in Pseudomonas
species. . Gen, Microbiol, 24, 199-213 (1978)

teemoto, 8., Suznki, K., Kaneko, 1., Komagata, K.: Characteri-
ration of strains of Pseadomonas maltophilia which do not
require methionine, int. ] Svstenm, Bact, 30, 437447 (1980)

Janse, [ D Infra-and intraspecific classitication of Psendomonas
solanaceary strains, using whole cell faty acid amalvas, Svs-
tem. Appl. Microbiol, 14, 3335-345 (19914}

Janse, J. DL Pathovar discrimimation within Psewedononas syrin-
gae subspe savastanod using whole cell faty acids and
pathogenicity as criteria, Svstem. Appl. Microbiol. 14, 79-84
(1991}

Raneda, T Iso- and anteiso-tatty acids in bacteria: biosvothesis,
function, and  taxonomic signiticance. Microbiol. Rev, 2,
288302 (1991

Mavberry, W R Hydroxy fatty acids in Bacterondes species: D-
{-)-3-hydroxy-13-methylhexadecanoate and its homologs. .
Bact, 143, 582387 (198

Miller, 1.1 Single derivatization method tor rontine analysis of
bacterial wholl-cell fatty acid methyl esters, including hvdroxy
acids, J. Clon Microbiol, 16, 384=386 (19823

Moss, €W Sameels, S0 B Weaver, R Cellalar fatey acid
composition of selected Pseredomonas speaies. Appl. Micro-
binl, 24, 396-398 (1972)

Moss, Co W Sanneels SO B Liddle, [, Mckiney, R M. Oceurr-
ence of branched-chain hvdroxy taty acids in Pserdomonas
maltophilia. ). Bact. T4, 10181024 11973

Murata, N Starr, M. P2 A coneept of the genus Nanthomonas
and ity species inthe light ot segmental homology of deoxy-
ribonucleic acids, Phyvtopathol. 7. 77, 285-323 (1973

Osterhout, G, ., Shdl, VoL, Dick, [ D Tdentification of
clinical isolates of Grame-negative nontermentative bacteria by
an antomated cellular faty aad identification system. . Clin,
Microbiol, 29, 18221830 (1991}

Oxaizu, 1, Komagata, K. Chemotaxonomic and phenotypic
characterization of the strains of species in the Harobac-
torium-Cytophaga comples, | Gen, Appl. Microbiol, 27,
S7-HT 11981

Ovaizu, o Komagata, K.: Grouping ot Pserdomonas species on

the basis of cellular fatty aad composition and the quinone

system: with special reference to the existence ot 3-hvdroay
fatty acids. [ Gen, Appl. Microbiol, 29, 1740 1198 3),

Rictschel, 11 Lisderite, O, Volk, WAL Nature, tpe of link-
age, and absolute conbiguration of thedrosyt fatey acids in
lipopolysaccharides from Nanuthononas sinensis and related
sirans, b Bact, 1220 TISO-- 1188 (1975

Rosenfelder, G, Piadertz, O. Weaphal, O Composition of
lipopolysaccharides from Myxococens flurus and other fruit-
ing and non-fruting Mysobacteria, Fure [0 Biochem, -4,
20 11974

Rov, MoA: Use of tatty aads tor the dennificanion ot phyto-
pathogenie bactena, Plant Dis, 72, 460 1988,

Sasser, [ ML Hieldbouse, Do Carter, €N Computer assisted
identitication o bacteria based on faty aad analvas, Phvto
pathology 74, 882 11U84:

Schaoultres, Co L Corerolo, T Maller, ] WL S0l BT Kass,
Co o Poeo SO R DaCharme, TP Citrus canker in Flonda,
Plant Ihs, 71, 388395 Jus™.

Stead, D, E.: Groupmg, ot Xanthontonas canipicsiris pathovars of
cereals and grasses by farey acid profiling. EPPO Bull, 19,
37-68 (198Y)

Stead, D, 1 Grouping of plant-pathogenic and some other
Pseudomonas spp. by using cellular fatey acid profiles. Tt |,
Svstem. Bacr, 42, 281-295 (1991)

Stead, DV Sellieood, JE, Wilson, [ Vieny, L: Evaluation of a
commercial microbial identification system based on faity acid
profiles for rapid, accurate identification of plant pathogenic
bacteria. | Appl. Microbiol, 72, 315321 (1992)

Stolp, 1L, Starr, ML P Bacteriophage reactions and speciation of
phyvtopathogenic xanthomonads, Phytopathol, 7. §1, 442-
478 119064,

Sweings, [ Vo den Mooter, M, Vaterin, 1, Hoste, B, Gillis,
Mo, Merey oW, Kersters, Ko Reclassification of the causal
agents of bacterial blight Nanthomonas campestris pyv. ory-
zae) and bacterial leat streak  Nanthomonas campestris py,
oryzae orvzicolar on rice in Nanthomonas orvzae jex Ishivama
19225 sp. nov. nom. reve as Nathomonas orvzae py. orvaae
shivama 19220 comb. noveand Natthomonas orvzae py. ory-
steola Fang et all 1957 comb. nov., respectively, Int. ], Sve-
tem. Bact 40, 309=311 (1990,

Vaor den Maoter, Mo Maraste, T, Movesome, 1., SNiwcmgs, |,
Gillis, M., Kersters, K., De Lev, [ Comparison hetween
Nenthomonas campestris py. manibotis (I5PP List 1980) and
N campestirs pye cassavae (ISP List 1980) by means of
phenotypic, protein electrophoretic, DNA hybridization and
phytopathological technigues. ] Gen. Microbiol, [33, 5771
(1987

Varr den Mooter, M., Swemgs, J.: Numerical analvsis of 293
phenotypic features from 266 Nanthomonas and  related
strains and animproved taixonomy or the genus Xantho-
monds. ot ] Svstem, Bact, 40, 348-369 {1990

Varterin, 1., Swings, |, Kersters, K., Gillis, M., Mew, 10 W
Sclbroth, MON Palleront, N[ Hildebrand, D. ., Stead, .
L. Crieerolo, oL, Haveard, A C., Maraite, 1, Stall, R.E.,
Vidaver, Ao K. Bradbury, [0 F.: Towards an improved tax-
onomy ot Nanthomonas, Int. ], Svstem. Bact. 40, 312-316
(1990)

Vawtering 1., sweings, [, Kersters, K.: Grouping, of Xanthomonas
canpestres pathovars by SDS-PAGE of proteins, J. Gen. Mic-
robiol, 137, 16771687 (19911

Varterin, Lo, Yang, P, Hoste, B, Vancanneyt, M., Civerolo, |
L., Swings, [., Kersters, K.: Difterentiation ot Nanthomonas
campestris py. citrt strains by sodium dodeey! sulfate-poly-
acrvlannde ged electrophoresis of proteins, fatty acid analysis,
and DNA-DNA hvbridization, Int. . Svaterm, Bact. 41, 335-
542 11991

Varteron, L Yang, P Hoste, B Pot, B Sweings, |, Kersters, K.
Favonomy of xanthomonads from cercals and grasses based
on SDS-PAGE of proteins, faty actd analvsis and DNA hyb-
ridization. | Gen. Microbiol 7 14671477 (1992)

Wellems, A, Gdlis, M., Ke sters, Ko, Vane denr Broecke, 1., De
Feve [ Transter of Nanthamona. ampelina Panagopoutos
1969 1o a new genus Nvlopin o ens novy, as Xylophidus am-
peloms (Panagopoulos 1969 conts nov, Int I, Svstem. Bact.
3T 422430 (Y8

Wollesueeher, T WL Rietsehel, 1L, Hopstad, T, Weintraub,
A Pmdbergs A0 AL Nature, tpe ot linkage, gquantity, and
absolute contipuration of 3-hydrosy fany acids in lipopoly-
sacchandes trom Bacterondes fragds NCTC 9343 and related
stramns, [ Bact, T4 898903 71980y

Yamonaka, S, Fado, Ry Kaeagnebn, AL Kooragata, Koo Tax-
onomic sigmihicance of hvdroxy faty acids i myxobacteria
with specal reterence o 2Zhvdrovy fatty acids in phos-

pholipids. . Gene Appl Microbiol. 34, 3766 {1988)

P Yange, Taboratorium voor Microbiologie, KoL Ledeganckstraat 38, B9000 Gent, Belgnm


http:paithoi.ar
http:ilnprn.cd

System. Appl. Microbiol. 16, 72-84 (1993)
© Gustav Fischer Verlag, Stuttgart/New York

Systematic Assessment of Geographically and Clinically Diverse
Aeromonads

A. M. CARNAHAN! and S. W. JOSEPH*

Department of Nedical and Rescarch Technology, University of Maryland, School of Medicine, Baltimore, MD 21201, USA
Present Address: Anne Arundel Medical Center, Franklin and Cathedral Streets, Annapolis, MDY 21401, USA

Received June 29, 1992

Summary

Numerical taxonomy was used to analvze data obtained on 167 Aeromonas strains collected from the
USA, N.E. Atrica, Bangladesh, India, ndonesia, and Pucrto Rico. The strains included clinical, environ-
mental, and veterinary isolates. Fach strain was tested at 36 °C + 1 C for 80 unit characters that included
morphological, biochemical, antimicrobial re istance, and virnlence-associated moerkers. The data tor 30
of these characters weve analvzed by the SAS/TAXAN" program using Simple Matching and Jaceard
coefficients. At a similarity coctficient ot 8570, the 167 strains clustered into 12 phenons plus 13 single
unclustered serains. Al clusters but one contained onlyv one DNA group definition strain, The major
clusters resembled the three clinical species Aeromonas bydrophida, Aerontennas veronii biovar sobria, and
Acronmonas caviae, with smaller clusiers for the species Acronionas veronii biovar veronii and Aeromonas
schubertii. Additional closters delincated werer an “arabinose-negative™ biovar of A, hydrophila and
clusters for two newly validated speaies, AL fandaer and AL trota. This systematic assessment provides a
comprehensive taxonomic study of a geographically and clinically diverse group of acromaonads and
delineates, for the tirst time, essentially all of the currently recognized genospecies using phenotypic

clustering,

Key words: Aeromonas — Taxonomy — Clinical Isolates = Systematics — Phenospecies — Genospecies

Introduction

Acromonads are ubiquitous, oxidase-positive, faculta-
tively anacrobic, glucose-fermenting, gram-negative mi-
croorganisiis thar are autochthonous to the aquatic envi-
ronment. They have been associated with o myriad of dis-
case processes among both cold- and warm-blooded ani-
mals (Janda, 19913, Parallel to the recognition of Aero-
mones as A human pathogen, the tavonomy of the genus
Acromonas has evolved amidst moch confusion. Although
the genus currently resides in the tamily Vibrionaceae,
phylogenctic studies (Colieell et al., 1986) have resulted in
the proposal of a new family Acromonadaceae. Once con-
sidered a single mesophilic species, AL bydrophila, this
family now includes at Teast 8 phenospecies among, at least
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14 DNA hybridization groups, A comprehensive review of
Aeromonas taxonomy is that of Farmer et al. (1991).
Popoff and Veron (1976) first used numerical tax-
onomy (NT) to analyze 68 mesophilic acromonads,
primarily from environmental sources, hased on 203 mor-
phological, biochemical, and physiological characteristics
tested at 307°C. Using the coetticient of Jaccard-Sncath,
they found that the 68 strains could be divided into two
well-segregated groups on the basis of 39 variable charac-
ters, of which seven were of diagnostic value, These two
proups were A bvdrophila (hiovar Xy) and a new species
Aeromonas sobria (hiovar Yy Popoff et al. (1981) fol-
lowed this studv with a genctic analvsis of 55 motile
Aeromonas strans using DNA/DNA hybridization by the
ST onuclease method. The results Ted to the proposal of a
third mesaphilic species, Aeromonas care, formerly an
“anacrogenic™ biovar (X)) ot AL bydrophila. However,
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these DNA studies revealed also that within cach of the
three biochemically distinet species (phenospecies), there
were at least 2-3 distinet DNA - hybridization groups
(genospecies) that could not be distinguished by phenoty-
pic traits.

Famning ceal. (1985) reported the results of an exeensive
DNA/DNA hybridization study conducted with a large
number of reference, environmental and clinical strains.
They confirmed the 7=8 genospecies of Popoff et al.
(198 1) and extended the number of hybridization groups
to at lease 10. Over the next six years, five more phenoty-
pic species were proposed: AL verondi (Hicknuan-Brenner
cral. 1987), AL schubertii (Hickman-Brenner et al., 1988),
Ao eucrenophila (Schubert and Hegazi, 1988), A, jandaci
(Carnaban et al. 1991a) and A, trota (Carnaban ot al.,
1991¢). Thus the number of DNA hybridization groups of
Aeromonas was extended to 14 (Table 1).

Lable 1. Current taxonomic statas of mesophilic Acromomas
spectes
DNA Hybridation  Phenospecies
Groupe
I Abydrophila (ATCC 79661
2 Unnamed
3 Unnamed*
4 Accaviae (NTCC 154687)
Sare Unnamed®**
6 Acencrenophila (NTCC 233091
7 Acsobria (CIP 74331
SN/ AL reronii biovar sobria
(CDC 0437845 Popolf (224)
8Y/10 AL veronii biovar sobria (ATCC 9071)
Y Adjandaer (NTCC 495681
10/8 AL veronii biovar veronii (ATCC 356247
I AL spp. ornithine positive
12 Aucsclmertit (NTCC 437001
Acromuoios Group S0
14 Actrota (NTCC 496571

Also includes the psyehrophilic species, A. salmonicida,
“ DNA Group 5bincludes the psychirophilic species, A. media,

Concurrently, there were several taxonomic studies con-
ducted with large groups of acromonads, usually mostly
fecal isolates from a single geographic source (Arduino et
al., 1988; Kuidjper et al., 1989, and Altweege et al., 1990).
Fach attempted to phenotypically separate the different
DNA hybridization groups with limited success. Because
these studies did not satisfactorily separate the various
genotypes using phenotypic clustering, this study was initi-
ated. We sought to examine a large set of acromonads
representing as many species as possible, including olini-
caly vererinary and environmental isolates, and originating
fron many different geographic sources. We used numeri-
cal taxonomy to measure the phenotypic similaritics
among these strains with the 14 DNA group definition
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and other mesophilic ATCC reference strains for the genus
Aeromonas as control strains. All but two of the currently
recognized genospecies were phenotypically delineated for
the firse time using cluster analysis, and information on the
proportionate distribution of all genospecies was updated
and expanded.

Materials and Methods

Bacterial strains, One hundred-fifty-twao strains, received be-
tween 1985-198Y as Acromonas spp., were from several coun-
tries, including the United States (0 = 78), NLE. Africa (Soma-
lia the Sudan, and Egypt) (n = 50), Bangladesh (n = 19, India
(re =1}, Indonesia (n = 3), and Puerto Rico (n = 1), The majority
ol the strains came from a variety of clinical sources (n = 131,
but also included veterinary (n == 8), and environmental strains
(n = 13,. The CDHC definition strains for the DNA hvbridization
groups 1, 2, 3044 5a, Shy 6, 708X, 9, 10, 1, 12 and ATCC
reference strains for Aeromonas sobria group SY and Aeromonas
Group 301 wer ncluded as reference strains (Table 1), The
strains were stored at =70 Cin Trypticase sov broth with 10,
Glyeerol (Remel, Lenexa, KS.and subsequently subculiured o
Trypticase soy agar slants (BRE Microbiolopy Syatems, Cockeys-
ville, MDL) and maintained at ambient temperature, Unless stated
otherwise, all tests were done at 36 ¢+ 1,

Phenotvpe analvsis. Strains were presumptively identitied as
Acromonas and examined for 80 phenotypic traits that rep-
resented a range of morphological,biochemical, physiological
and tolerance tests as previonsly deseribed (Cornaban et al.,
1991D). Excluding the API=20E (Analviab products, Plainview,
NY), all tests were pertormed by conventional methods (Cara-
han et al., 1991h). The 30 differential tests nsed in the NT analy-
sis are listed in Table 3.

Antibiotic resistance stidies. Minimum - Inhibitory: Concen-
trations (MICs) were determined for seventeen antimicrobial
agents plas a “growth™ or “no prowth™ response to a single
dilution of four additional antimicrobials in a Y6-well microdilu-
tion plate according to NCCLS standards as previously described
(MicroScan Gram Negative Panel 7, Baxter Healtheare Corp.,
MicroScan Division, West Sacramento, CA) Carnaban ot al.,
1991b), The results included in the NT analysis are listed in
Table 3.

Coding of data and computer analyses. Analvsis of the fre-
quency (per cent positive) results revealed those tests out of the
original 80 which gave vartable results among the strains, Conse-
quently, fitty of the 80 tests were encoded for use in SAS/TA-
XAN' (Table 3). Nine tests were excluded from the analvsis with
positive results at a percentage frequency =95%: pram stain
reaction (gram-negative rods), positive oxidase activity, fermen-
tation of glucose, gelatin hydrolysis, ONPG production, resist-
ance to cetrimide, resistance to penialling kanamyein and nitrofu-
rantoin. Nince tests were excleded with posiove results at a posi-
tive pereentage frequency <3%: presence of diftusible brown
pigment, production of tryptophan deaminase and vrease, fer-
mentation ot amyvpdaling inositol, sorbitol, rhamnose, and
melibiose, and resistance to ciprofloxacin. The resalts for ar-
gimine dihvdrolise and citrate atlization were not used because
these results were only available trom the API-20F strip and not
done conventionally. The results of bile esculin agar and nine
additional tests (based on the API=20E) were chimmated because
they daplicated tests performed by conventional methods: lysine
decarhoxylase, ornithine decarboxvlase, F1LS production, indole
production, Vopes-Proskauer, and acid production from arabin-
osey sucrose and mannitol. The results tor growth in KCN were



Fig. 1. Similarity matrix triangle of the 167 strains examined using the Simple Matching (Sqyy) coefficient at a similarity fevel of § =
8300 AH denotes AL Dvdrophila (DNA Group 1), AV denotes A, verondi biovars sobria and veronii (DNA Groups 8/10), and AC
denotes AL caviae (DNA Group 4).
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not used even though this test gave results consistent with thase
of Popoff et al, (1976) because it was considered a highly subjec-
tive test to read and ahazardous mediam to prepare.

Thus, the final data set contained test resules for 50 different
unit characters (Table 3) for cach of the 167 strains, designated as
OTUs (operational taxonomic units). Most characters existed in
one of two mutually exclusive states and were scored as positive
(1) or negative (0. Quantitative multistate characters, such as
“Intermediate™ instead of “resistant™ or “susceptible” for anti-
microbial susceptibility or *alpha or gamma hemolysis™ in liew of
beta-hemolysis were coded by the additive method of Sueath and
Sokal (1973). Those tests that measured gquantitation of growth
or motility had vajues of 44, 3+, or 2+ for growth or motility
coded as (1) and values of 1+, 47+ or no growth coded as (0).
The data were examined with the SASYTANANY clustering pro-
gram (Marvland Sca Grant College, College Park, MD) Jacaobs,
T988) on an IBN 4381 Mainframe computer using the Simple
Matching (Soxp, and Jaceard (8)) coefficients (Austin and Priest,
1988 Sneath and Sokal, 1973). Hierarchical clustering, of the
167 srrains was by UPGNA tunweighted pair method with arith-
metic averages). This resulted in the generation of a similarity
matrix (Fig. 1, a2 dendrogram (Fig. 2), and two PCA (Principal
Component Analysis) plots (Fig. 3 and 4) as means of visualizing
the cluster separation. Emphasis was placed on results obtained
using the Sqyy coctficient sinee the more compact clusters and
aggrepate custers are generally produced with this coefficient
{(Awston and Pricst, 1988). Finally, the frequency of positive test
results for cach cluster and test used in the SASZTANAN® analy-
sisare displayed as a "per cent positive™ frequency matrix (Table
3).

Testand performance reproducibility. Both positive and nega-
tive control strains of Aeromonas (e, an ATCC or DNA defini-
tion group strain) were included for cach battery of tests. Addi-
tionally, 18 of the strains were randomly selected by computer
and tested in duplicate (Table 2), Comparison of these duplicate
results for cach test was then nsed to determine an estimate of
individual test variance (5,2). The average test variance was caleu-
lated to obtain a pooled variance 187, which in turn was used to
estimate the average probability (p) of an crroncous test result
(Austinand Priest, 1988, Sneath and Sokal, 1973),

Results
Test reproducibility

The average probability (p) of an erroncous result, cal-
culated from the pooled variance (8* = 0.3823) of all the
unit characters scored for the 18 duplicate strains was
3.8, Values of 85,7 were zero for most of the teses, with a
range of L028-2220 Most discrepancies were in the
hemolysis reactions on Sheep Blood Agar (.083) and the
antimicrobials, cefazolin (111, gentamicin (. 194), and
imipenem (.222),

Carrelation

Cophenctic correlation, i.e., the correlation berween the
respective values in the similarity matrix and its corres-
ponding dendrogram, was calealated for cach cocfficient
using the correlation cocfticient “r™ (Austin and Priest,
1988; Sneath and Sokal 1973). These values were 0,992
for the Soyg and 0,994 for the S coefficients, well within
acceptable limits for studies utilizing UPGMA.

s
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Clustering of strains by SASITAXAN™

With the initial analysis of the Soyg matrix at 85% simi-
larity (Fig, 1), three distinet smaller triangles were readily
discernible within the single large similarity triangle. These
three phenons represented the three major recognized
species of motile, mesophilic acromonads as deseribed by
Popoff and Veron (1976): A, bydrophila, A. sobria, and
A cavide and included 153 (92%) of the total strains
studied. Examination of the Sy coefficient similarity matrix
(not shown), revealed the same three phena but at a lower
level of similarity (S = T0%), because of the nature of this
cocfficient.

The Soap data were also analyzed using SAS/TANAN to
construct a dendrogram (Fig. 2). Of the 167 strains analy-
zed, 163 (99%) joined at 68% similarity or higher using
the Sq.y cocfficient with only two atyvpical strains (Cluster
A) not joining ar this level. These two strains were later
confirmed as atypical Vibrio cholerae (non-01) resistant
to 07129 (Vibriostatic agent). At 85% similarity, a general-
Iy accepted level for species designation (Austin and Priest,
[988) there were 12 acromonad clusters ranging in size
from (n = 2)to (n = 33) and containing 152 (91%) of the
total strains. Most of the remaining 13 single strains were
considered “highly atypical™, i.c., they differed from their
nearest cluster by at least eight phenotypic characters, All
of the clusters and single strains were labeled as Clusters
A=7 and are listed in Table 2. The phenotypic description
of cach cluster and single strain are in Table 3. Construc-
tion of a dendrogram with the S coefficient at a level of §
= 70% (not shown) gave similar results to the Sy den-
drograny just deseribed. The Jaccard dendrogram revealed
14 acromonad clusters ranging in size from (n = 2) to n=
46) and representing 143 (86%) of the tora! strains within
the study.

In the dendrogram constructed using the Sqyy coefficient
at§ = 85% (Fig. 2), clusters and single strains A=P consti-
tuted approximately the upper half of the Sqy dendrog-
ram. This demarcation included 1007167 or 60% of the
total strains of this study and represented the DNA groups
8Y, 9, and 10 which phenotypically resemble A. veronii
biovar sobriz, DNA group 9 A, cobria (now validated as
A juandaed), and A. veronii biovar veronii. This upper half
also included the DNA groups 1, 2, and 3 of the species A.
bydrophila, DNA group 12 of A. schubertii, a single
Aerononas Group 301 strain, seven ampicillin-susceptible
Ao sobria-like strains mow validated as A, trota), four
single atypical acromonads and the aforementioned two
atypical Vibrio cholerae (non-01) strains. Clusters and
single: strains Q-7 comprised approximately the lower
half of the Soyy dendrogram and included 657167 or 40%,
of the total strains in the study. They represented the DNA
groups 4, 5a, 5b, 6, and 'L which phenotypically resemble
A caviae, A cucrenophila and Aerontoma spp. “ornithine
positive™. Also residing in this region were the DNA
groups 7 and 8X of A. sobria and A. veronii biovar sobria.

SAS/FAXAN™ was then utilized to generate PCA plots
which used four principal components (P1, 2, 3 and 4)
to construct a three-dimensional view of the strains (Figs.
3and 4). These plots allow the viewmg of relationships
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berween OTUs in terms of “phenctic (taxonomic) hyper-
space as a continuum™ and are actually a more accurate
representation of the distribution of the bacterial species
within a genus as they oceur in nature (Austin and Priest,
1988). The first PCA plot (Fig. 3) displays only the 17 tvpe
strains, reference strains and DNA definition strains ex-
amined in this study, while dhe second PCA plor displays
the entire collecdion of 167 strains, This latter PCA plot
confirmed the results of the previous analvses (similarity
matrix and dendrogramy in that the majority of the sirains
fell into a tew Targe clusters representing the major species,
with smallee clusters for less commonly found species.

Discussion

While Acromonas was emerging as a clinically signifi-
cant pathogen, several major studies were conducted in
the latter pare of the cighties to reconcile the -6 proposed
phenotypic species with the 10-12 established  geno-
species. Arduino et al. (1988) analyzed 132 previously
hybridized (PNA/DNA hyvbridization) acromonad serains
from the Centers for Disease Control (CDC) collection
that represented all of the 12 DNA group definition
strains, The strains were tested for 163 phenotypic traits at
25°C and the majority were m DNA groups 1, 4 and 8
with most in DNA group 4 {(phenotype AL cardae). DNA
groups -4, 3 and 6 were the most difficult to separate. That
same vear, Remand cr al, (1988) published work which
had phenotypically characterize b 66 lake water and 34
various, clinical isolates usiig a combination of conven-
tonal tests and rapid assimiliation strips. When the results
were analyzed by NT using the S, coctficient, all but +
strains were found among only 4 clusters which rep-
resented A, sobria, A, hydrophila, A, bydrophila {arabin-
ose-negative) and A, caviae.

A nmajor clinical study o relate genotype to phenotype
involved 189 fecal isolates collected in the Netherlands
berween 1982-1986 by Kuijper et al. (1989). The strains
were analvzed for 30 conventional phenotypic traits at
37°C, and most phenotvpically resembled AL caviae, A,
bydropbila, and A. veronii biovar sobria. When a subset of
142 strains was subjected to DNA hyvbridization using the
DNA definition strains for DNA groups 1=11, a majority
of the strains were in DNA groups 1, 4 and 8, but there
were increased frequencies of the other rarer genospedies
2, 3 and 5a. However, they were unable to reliably identify
all of the strains using their phenotyping methods.

The most recent study to attempt to reconcile genotype
with phenotype was by Alteegg ev all (1990). They ex-
amined 138 clinical (mostly fecal) isolates plus a few en-
vironmental isolates, all collected in Switzerland and in-
cluded the CHC definition strains for DNA groups -9,
All were tested for 100 phenotypic characters, but only 63
different characters were actually evaluated becanse of re-
dundant tests. They used only ten conventional tests plus
fifty three biochemical, carbohvdrate, and enzyme tests
from three rapid identification strips (API-201, API-501,
and API ATB 32GN), Their computer analysis utilized a
simvilariry coefficient similar to Jaccard with UPGMA clus-

tering. Cluster analysis revealed only three phenons at$ =
88%. These resembled AL bydrophila, A caviae and A,
sohria (now A, veronii by, sobria), but cach phenon con-
tained more than one genospecies. A subset of 126 strains
was subjected to DNA-DNA hvbridization and confirmed
that these phenons corresponded to DNA groups 1, 4, and
8 with slightly larger numbers in groups 2, 3, and 5 than
previously reported. Like the studies of Kuijper et al,
(1989) and Arduino et al. (1988), no DNA group 6, group
T (tvpe strain tor AL sobria), group L or group 12 strains
were recovered.

After assessing the results of these studices, it was evident
that no single study thus far had thoroughly examined a
large group of acromonands that were diverse in both
geographic and clinical source of isolation and included all
12 known DNA Group defimtion strains, Because the
aforementioned studies had failed to phenotypically sepa-
rate all the known genotvpes correctly, our objective was
to establish whether a systematic phenotypic correlation
to genotvpe was possible using standardized and conven-
tonal methods and analvzing the data with the most cap-
able NT computer programs available,

Excluding the two V. cholerae (non=01) strains, at a Sy
level of S = 83" there were 12 clusters and cach included
only one DNA Group definition strain, except for Cluster

] which contained the definition strains jor both DNA

Groups 2 and 3. These two genospecies appear ta be rare
among cliical species, since the ondy strains in this cluster,
except for one, were from veterinary sources. Reswand ct
al. (1988) and Alneegg et all (1990) have proposed that
the tests for growth on DI -lactate and acid production
from sorbitol may be useful in separating these groups
from cach other and from DNA Group t AL bvdrophila.
Likewise, the majority of our sirains were in clusters
that contained the DNA definition strains for groups 1, 4,
and 8 (Figs, 1T and 2), and phenotypically resembled A
bydrophila, A. reronii sobria, and AL cariae. However, we
also found clusters for AL bydrophila (arabinose negative),
A. verondi biovar veranin (DNA Group 8/10°, DNA Group
9 (now validated as AL jandaen, DNA Group 12 A
schubertii, and  a group  of ampicillin-susceptible
acromonads, now validated as AL o, Although the ma-
jority of the AL cardae strains resided with the definition
strain for DNA Group 40 we tound increased numbers of
strains similar to the definition strains for DNA Groaps Sa
and 3b, with the fatter cluster (3b) exhibiting, suscepulity
to ampicilling Interspersed amonyg these custers were 8
single strams, of which 3 were cither DNA defininon
strains or ATCC type strans tor rare genospedies, e,
DNA Group SO1, AL cucrenophila, Aeromonas “ornithine
positive™, the tvpe strain for AL sobria and the detmition
crain for AL rerondi by sobria (Group 8X). Some or all of
these single serains may represent cither “hridge™ orpan-
isims beoween the more predominant genospeaies found in
chnical specimens or the nucleus for similar NT studies of
Large groups of environmental and veterinary solates,
Regarding the major clusters produced by the SAY
TANANY analysis, several points deserve turther atten-
tion, First, the N'T analvsis showed that Clasters B and ¢
which contained DNA definition strains for Groups 8Y
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Table 2. Bacterial strains assigned to clusters in the Suyy UPGAA analysis

Cluster or
snglo suam

Afn=2)
B (b = 26)
C{n=4)
Dn=1)
Em=1)
Fin=23)
un=1)
H (n = 26)
I (n=20)
J=1%)

Lab reterence numbers Donor designations Geopraphic Source of
Source Isolation

152, 153 VM OIT408; 17810 Bangladesh fecal

2 ATCC 907 (DNA Group 8Y ATCC frog/leg
AL verom by sobria

26; 30; 315 38 AMO 130 B 8581 F; 15918 USA/NMD fecal
3LI0-E

42 AMO 1123 USA/MD finper

33,57 AMU 6192-F; T612-F USA/ND fecal

60 AMC 995V USA/N D duck

62 AMC 6573 USA/ND foot

98 100; 103; 105, 109, Loed, L142: Liod; 1205 1.346;

TIO; 111 112 1135 104 1380, L4005 1424 1426, 1472 Sudan fecal

1225123 146 WRESH WRSLL BRYV3Y Somalia fecal

101 1147 Sudan well water

sty BRS2S Bo14™ Somahia fecal

149° ATCC 356247 IDNA “roup 1) ATCC/USAN sputum
Acteronn by veroni

19; 21 ANMC 12628 b5 2052 1 USA/MD fecal

16 WRIH6SY USA/DC eye

19 NNRT-A USA/AID fecal

13 AN 2930 ¢ USA/NMD fecal

7 WRIH65S8 USA/DC eye

N AN USA/NY blood

88 NMRL6 USA/ND leg

157 ATCC 49368 (DNA Group 9) USA/CDC fecal
Apandaer

" ATCC 79661 TDNA Group |) ATCC canned milk
A bvdrophila

RS AMC 12723 USA/NMD wound

1313° FGY 51857 Epypt/Sinm water tank

138+ MMM Feypt/Ales” duck/ieeal

150° AER 321 USA/CA feeal

20 ANMC 7056 W USA/ND wound

28,29 ANMC 10774 4 31387 F USA/ND fecal

4 AS- USA/MY feg,

50 AMC T059 W USA/ND wound

52 AMC 474 W USA/AD toe

58 AMC 305 W USA/ND wound

59 ANMO 8174\ USA/ND hand

61 AMO HOS70Y USA/NMD bird/eye

65 AMC/Kilbe USA/ND knee

7 NMRE 16 USA/NMD nver water

B AMCASY] USA/ND goldtash/pd!

8s ANMC 2128w USA/NID vound

86 NMRI-3 USA/MD rver water

L NNRI-S USA/NMD lung,

89! NAMKI-T USA/ND leg

90, 914, 92 NMRI-SE; $55; 36 USA/MD nver water

93 NMRI 203 USA/NY fecal

94 NAMRE204 USA/CT fecal

10 AMC 6437 W LSA/ND foot

T4 106 1172, L.Y0n Sudan teeal

11 AMOC P28 F USA/ND fecal

120; 126; 127 W™, WYSI0; WYSal Somalia fecal

133 1 GY 48536 EgyptCairo fecal

136 EGY SI83S Egypt/Sina water tank

14 AMC 3276 W USA/ND wentid

141 TERRY/NIH Pucrto Rico leg

36 AN o9 ] USA/NMD fecal

o4 AMURICE USA/MD knee

66 AMCCAMARF USA/ND heel

0 AMCGA TBEADDER USA/ND gallbladder

7Y, 805 81, 82 B4 MOBALY A AL JA LS /AT Bangladesh freeal

159 CDCYSIET0 (DNA Group 25 Cher fish

161 CDO O3 8 IDNA Groop ) I fresh water

32 AMC 15228V USA/NMD condor/choana

16 AMC 14228V USA/NID duck/neck

si ANC 3294 R USA/NMD respiratory
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Cluster or Lab reference numbers Donor desipnations Grographic Source of
single stram Source lsolation
Km =2 l6; 18 AMC TIOR-W; 4396-W USA/MD leg
i s 148 ATCC 43700 (DNA Group 12) CDETN forchead abscess
Acschubertn
N 167 ATCC 43946" (DNA Group 13) CDOLA leg
Acrontonas Group 301
Nin=T) 158 ATCC 496370 RNA Group 14) India fecal
Altrota
75, 76; 779 83 MOB/ATI/AS; 1AV 1A 6 Bangladesh fecal
Y3; 96 NAMRI-206; 208 Jakarta feeal
Ot -1 9 AMC 5439 USA/MD fecal
o= T8 MOB/ATL Bangladesh fecal
Q=N 63 ATCC 23309 (DNA Group 6) b fresh water
A ewcrenophila
Ron- 1 40 AMC Leg- W USA/MD leg
Sl 15 AMC 3761-R USA/NMD throat
I'in - 1 166 ATCC 35941 (DNA Group 1) CHE/NewZealand leg
Un b 47 ANMU 105 1-W USA/ND car
Vo - e TI75 1204 125 129; 131 BN WRIOO, WYSOS; YITS; MO 14 Somatia fecal
132 EGY 44678 Sudan fecal
134 EGY 48872 Epypt/Caro water tank
137 EGY AH 340 EpyvptiCairo feeal
13y EGY W26A Fgypt/Alex salt lake
143; 1 LESOS; WRSOS Somalia feeal
154 155, 156 VM R22SS: 94303, U143 Bangladesh fecal
161 CDCO862-83 :DNA Group Sa) D, fish
6 AS-34 USA/NY blood
Won = §j 107 1.321 Sudan feeal
130 YDad Somalia fecal
140 1.226 Sudan well water
142; 145 BR341; 336 Sormala fecal
151 VAL 494748 Bangladesh fecal
162 CDC 043584 (DNA Group $b) Che fish
68 AMC/Lefrwich USA/NMD fecal
Nin= 13y 102 [.14¢ Sudan well water
1327 Sudan feeal
Bol; BR34S Somalia feeal
AMC 12338-W USA/ND rectal wound
WRST WYS6S: W2 Somalhia rectal
AMC 3204 USA/NID foot
AMCO 1685-F3 ANMC S142-F USA/ND fecal
AMC S W, SHLW USA/ND fep
27 AMC TY80-R LSA/ND throat
3 ATCC 15468 iDNA Group 4) \TCC guinea pig
A carne
33 AMC S22V USA/ND duck/respiratory
14 AMC 11953-F USA/MD tecal
38 NAMRI-2 LSA/ND fecal
41 AMC 1554-F CSA/ND feeal
441 45 AMC 238 fopaquels ANC 23B (cear) USA/NMD blood
48; 49 AMC I8TRCSM, 1936 USA/ND fecal
34 ANMC 13814V USA/ND horse/toot
53 AMC 8205 F USA/MD fecal
3] AMUOSINGER USA/DLC feeal
67 ANMC/RKAISTR USA/ND fecal
BRI T MOB/NT; A2 008 Bangladesh fecal
8 NMRI 200 Jakarta fecal
97, 9y KRR N Sudan feeal
Yo o= 2 164 CIP 7433 . DNA Group ™) Che. fish
A sobra
64 AMOMUTDOON USA/ND feeal
/o1 165" CDC 043784 DNA Gronp 8X; Cbhe. fish

Strains exanined e duplicate o assess possitaliey of test error. U Alexan,

A veronn s sobna

drias  Centers for Discase Control, Atlanta, GA,
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Table 3. Frequency matrix for SAS/TAXAN® clusters as percentage of positive reactions

Cluster and

Unit Characters A B C D E F G H ! ] K
(n=2) (n=26) (n=4) (m=1) @m=1) m=3) m=1) (n=26) n=20) m=3) (n=2)

07129 Resistance 100 100 100 100 100 67 100 100 100 100 100
string test 100 0 0 () 0 () 0 8 10 20 0
indole 100 96 100 100 100 100 100 100 100 100 0
f} stab SBA* 100 100 100 100 100 100 100 100 100 100 100
f} stab HBA" 100 100 100 100 100 100 1oe 10 100 100 100
f} on SBA 100 100 100 100 {00 100 100 100 100 100 100
« on SBA 0 0 0 0 ) 0 0 ) 0 () [}
v on SBA 0 0 0 0 0 0 1] 0 0 0 0
3 HBA 100 100 100 100 100 100 100 100 100 100 100
« on HBA 0 0 0 0 0 0 0 0 [ 0 0
v on HBA 0 0 0 V] 0 0 0 0 0 0 0
esculin hydrolysis 0 0 100 0 0 0 0 100 100 80 0
gas/glucose ] Y6 100 0 100 100 100 92 100 80 0
Voges-Proskauer 100 96 100 100 100 100 100 92 85 100 0
lysine decarboxylase 100 96 100 0 100 100 100 100 100 0 100
ornithine decarboxylase 100 0 50 0 0 0 0 0 0 0 0
arabinoset 100 4 ) 0 100 0 0 100 0 S0 1]
salicin® 50 4 s () 0 0 0 54 85 20 }
mannitol 100 92 100 100 100 100 100 100 100 100 0
stcroset 100 100 100 100 100 ( 0 88 100 1CO )
motility 100 88 75 100 100 100 100 100 100 80 30
HLS/GCF () 100 100 100} 100 100 100 100 100 100 0
colistin! 100 0 25 0 0 100 100 30 RA) 40 0
cephalothin! 100 ] 0 0 0 100 100 92 100 100 0
self-pelleting 0 0 0 0 100 0 100 15 0 20 0
PAB* 100 23 0 0 0 33 0 50 43 () 50
arbutin hydrolysis 0 8 75 0 0 0 0 100 100 100 0
42° prowth 100 100 100 100 100 100 100 hE| 100 0 100
“amp (acrobic) 100 96 100 100 0 33 100 73 93 100 )]
Camp (anacrobic) 100 62 100 0 0 () 100 100 100 100 0
acritlavine agglutination 100 31 75 100 0 0 100 23 40 100 )
pyrazinamidase 100 4 0 0 0 13 100 92 100 20 ()
amikacin 0 ] 0l 0 0 0 0 4 0 0 50
.mlpicillin‘I 100 100 100 100) 100 100 100 100 100 100 50
cefazolind 100 8 0 0 0 100 0 65 93 80 30
ceftazidime! 0 0 0 0 0 0 0 0 5 0 0
cefuroxime! 0 0 0 0 0 0 0 0 15 0 0
gentamicin? 100 0 0 0 0 0 0 0 0 0 0
gm intermediate! 0 4 0 0 0 0 0 0 0 0 0
imipenem 0 62 100 0 100 33 0 0 60 20 0
pipcr.lci”in'l 100 63 25 0 100 100 (} S 5 V] 0
tetracyeline! 100 ] 0 100 0 0 0 23 5 0 0
te intermediare! 0 4 0 0 0 0 0 0 0 0 0
ticarcillin clavalanare 0 12 25 0 100 0 0 4 I35 0 0
ticarcillin! 100 65 75 100 100 67 0 19 30 ) ()
tnhr.ln:ycin" 100 19 0 100 100 0 0 1} 0 20 50
tobramycin intermediate! 0 12 25 0 0 0 1] 15 5 20 30
SXTH 100 0 0 0 0 ) 0 4 N 0 {)
cefoxitin! 0 0 0 0 )] 0 0 0 93 0 0
cefrriaxone! 0 0 0 0 0 0 0 0 s 0 0

Treptic Sov Agar with 3% Sheep Blood, " Tryptic Sov Agar with $% Horse Blood, * Acid production, Resistance, CPAB = Pelleting after
) ) ) MY I B



Acromonas Tax.onomy

Single Strains

L M N (0] P Q R S T U V \{ X Y Z
m=0 m=1) m=7) m=1) @m=1) @m=1) m=1} m=D) m=D m=1) m=16) n=8) n=33) (n=2) (h=1)
100 100 100 100 100 100 100 100 0 100 100 100 100 50 0
0 0 14 () 100 100 0 100 0 0 6 13 0 50 0
0 {00 100 100 100 100 100 G 100 100 100 50 97 100 100
100 100 100 100 100 0 0 0 0 1o¢ 31 38 61 0 0
100 100 1060 100 1on 100 100 100 0 0 19 13 7 100 100
0 100 100 () 100 V] 0 100 0 100 6 0 39 0 0
0 0 () 100 0 100 100 0 1] 0 94 100 67 100 100
100 0 0 0 0 0 0 (} 100 0 0 0 0 0 0
100 100 100 100 100 0 100 100 0 0 4] 13 88 0 0
0 0 0 0 0 () 0 0 0 0 0 13 12 100 0
0 0 0 0 0 100 0 ( 100 100 100 75 0 0 100
() V] 0 ] 0 1] 100 100 0 100 100 100 100 0 0
0 0 86 0 0 () 0 0 0 0 0 0 0 50 100
0 100 14 0 0 0 0 0 ) 0 0 0 6 0 0
100 i) 100 100 100 0 0 () 0 0 0 0 0 100 100
() () 0 () 0 }] 0 0 100 () 0 0 0 0 0
0 0 14 0 0 100 100 100 100 100 100 88 100 0 0
0 1] ] 0 0 100 0 100 100 100 94 75 94 0 0
0 0 71 100 100 100 100 100 100 100 100 100 100 100 100
0 0 14 0 0 0 0 100 100 100 100 100 100 100 100
100 100 100 0 100 0 1c0 100 100 0 81 75 76 100 0
() ] 100 100 100 100 100 100 0 0 0 0 0 100 100
0 0 ) 0 0 0 ) 0 () 0 0 0 6 0 0
0 100 100 100 100 1] () 100 100 100 100 50 91 0 100
100 0 0 ( [} 100 0 0 0 0 0 38 6 50 0
() 100 0 0 0 0 0 0 0 100 13 0 3 0 100
() () 57 0 0 100 100 100 100 100 100 100 97 0 0
100 100 100 100 100 1] ‘) 0 0 0 6Y 75 83 50 100
0 0 0 () 0 () 0 0 0 0 0 ) 0 0 0
100 100 57 0 100 0 0 0 0 0 0 0 4] 0 0
100 0 T 100 0 100 104) 100 100 100 69 100 70 100 0
0 0 43 ( 100 100 0 0 100 100 94 62 97 0 100
0 )] 14 0 100 0 0 0 (s 0 0 0 3 0 0
106 100 () 0 0 0 1] () 0 0 100 13 85 50 100
0 100 43 100 4] 0 4] 100 () ] 75 0 61 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
] [\ 0 () ) 0 0 0 0 0 0 0 3 4] 0
0 0 () 0 0 0 1] 0 0 0 0 0 0 0 0
0 0 0 0 100 0 () 0 0 () 0 0 0 0 0
0 0 0 0 0 1] 0 0 0 )] 0 0 0 0 0
0 () {} 0 0 0 0 §] 0 0 6 0 0 0 0
() (! () 0 0 0 §] 0 0 0 0 13 9 50 100
0 0 0 0 0 0 () 0 () 0 6 0 0 0 0
0 0 0 0 ( 0 0 0 0 0 6 0 0 0 0
() }] 0 0 0 0 0 0 0 0 6 ] 0 0 0
0 J 0 0 0 0 0 0 0 0 6 0 0 0 0
0 100 14 0 100 )] () 0 0 0 0 0 0 0 0
1} 1] 0 0 () 0 0 0 0 0 31 0 9 0 0
0 100 14 0 0 0 0 0 0 100 25 0 24 0 0
) 0 0 1] 0 0 0 0 0 }} 0 0 Y 0 0

boiling, 'SNT = Trimethoprim-sulfamethoxazole,

6 System. Appl. Microbiol, Vol. 16/1
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Fig. 3. Simple Matching PCA plot for all of the DNA Definition Group strains and ATCC type and reference strains. The DNA
hybridization Group Number is in parantheses. The 4 principal components are labeled P1, P2, 13, and P4 where P3 denotes height
and P4 denotes shape. AH denotes A, bydrophila, AV denotes A, veronii, AC denotes A, cavize, AJ denotes A. jundaei, ASch denotes
A schubertii, AT denotes A, trota, ASO1 denotes Aeromonas Group 501, AE denotes A, eucrenophila, AO denotes Aerontonas spp.

“ornithine positive™, and AS denotes AL sobria.

and 10, were exrremely similar, merging to one cluster at §

84% thereby confirming that they are indeed two
biochemically distinet biovars of the same specics, A. rer-
onii (Hickman-Brenner et al., 1987). Next, the small Clus-
ter F of “sucrose-negative” strains merged to one cluster of
four with single strain G ar S = 84% and resulted in the
proposal and validation of A, janduei (Carnaban et al.,
1991). Clusters H and I both resembled A. hydrophila and
merged to a single targe cluster at § = 84%, but ar the
initial level of S = 859% appear to hint at the existence of
an “arabinose-negative™ biovar, first described by Renand
et al. (1988), within the DNA group | A, bydrophila. 1t's
interesting to note that 88% of the “arabinose-positive”
strains were from the USA, while the “arabinose-negative™
strains were found in the USA, NE Africa, Bangladesh,
and Puerto Rico. Cluster K merged into a cluster of 2 with
single strain L (DNA Group 12 definition strain) at § =
83% and all three strains had been confirmed by DNA/
DNA hybridization as A, schubertii (Carnalran et al.,
1989). However, the single strain N, which represents

Acromonas Group 501, did not join this A, schubertin
cluster until S = 79%, thereby phenotypically confirming
that it is divergent cnough to constirute its own DNA
group (Hickman-Brenner et al., 1988). Cluster N did not
contain a DNA definition or ATCC type strains; subse-
quent DNA homology studies resulted inits proposal and
validation as A, trota (Carnaban et al., 1991¢). Single
strains Q and T which represent DNA Group 6 A, erre-
renophila (Schubert and Hegazi, 1988) and Aeromonas
ornithine positive (Hickman-Brenner et al., 1987) indeed
appear to be rare genospecies, at least among clinical
strains,

Finally, Cluster Y which contained the type strain for A,
sobria (DNA Group 7) was confirmed as highly “atvpical®
of clinical strains formerly described as A, sobria, but now
proposed as A, veronii biovar sobria (Carnaban et al.,
1991a). This small cluster Y (n == 2) was found far below
the Clusters B and C described above and more closely
resembled A, cariae. To date, no clinical A, sobria-like
strains have hydribized to DNA group 7, and the fecal
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Fig. 4. Simple Matching PCA plot of all 167 strains examined with the three major clinical clusters: AH for A. bydrophila, AV for A.

veronii and AC for A, caviae.

isolate “Muldoon” from this collection may indeed repre-
sent the first clinical A. sobria, pending confirmatory
DNA/DNA hybridization. The last strain of the N'T analy-
sis, single strain Z, was the definition strain for DNA
Group 8 and resides in DNA Group 8X. Although, geneti-
cally similar to DNA Group 8Y (Cluster B), there were
significant  phenotypic  differences, particularly  among
markers previously reported to be indicative of virulent
biotypes, (beta-hemolysis and positive Voges-Proskauer
reaction). Thus, SAS/TAXAN™ found this DNA definition
strain more similar to the “utypical™ A, sobria type strain
of DNA Group 7 than to the clinical A, veronii biovar
sobria of DNA Group 8Y (Cluster B). This is additional
evidence that indeed there may exist among a single geno-
species, virulent subsets of acromonads more capable of
causing human disecase, i.c. DNA Group 8Y may be a
virulent biovar of DNA Group 8.

Junda and Kokka  1991) recently reported on the
pathogenicity of Aerontonas genospecies and phenospecies
in Swiss-Webster mice based on LD, values, They found
that A, hydrophila and A. veronii biovar sobria were inhe-
rently more pathogenic for mice than A, carviue, but most
mtersting was the wide range of pathogenicity among
DNA Group 8 A. veronii biovar sobria strains, The least
virulent strain studied was the just described single strain

of Cluster Z (definition strain for DNA Group 8X), while
the DNA Group 8Y strain of Cluster B (ATCC 9071) was
one of the most virulent strains studied.

In conclusion, this study of a geographically and clini-
cally diverse group of aeromonads, including a small
number of environmental and veterinary strains, expanded
the geographic predominance of the three major pheno-
species, A bydrophila, A. veronii biovar sobria and A.
caviae, as well as the species A, veronii biovar veronii and
A. schubertii. The SAS/TAXAN® NT analysis also pheno-
typically delineated clusters for the newly validated species
A. jandaei and A, trota, and confirmed the existence
among chinical strains of an “arabinose-negative” biovar
of A. bydrophila. Most importantly, this systematic study
has demonstrated that essentially all of the currently rec-
ognized DNA hybridization groups of Aeromonas can be
correctly separated by phenotypic analysis,
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ABSTRACT

Methodologies for the isolation of Aeromonas sp. from various sources, utiliz-
ing a broad range of media, are presented. Recommendations are made for the
identification of Aeromonas isolates to the species level. The current
nomenclature of Aeromonas sp. is discussed with reference to previously used
taxonomic systems.

INTRODUCTION

Since its original recognition in 1890 by Zimmerman and by Sanarelli in 1891,
Aeromonas has been isolated from water. soil, humans, and other animals. Its
role in human infections has become better defined in recent years causing us to
delve into the human epidemiology of this disease on a world-wide basis.
Aeromonas is increasingly being recognized as a primary pathogen in humans
both in normal and immunocompromised humans.

Some microorganisms occurring in the aquatic environment can be classified
as having a primary animal or terrestrial habitat while existing only incidentally
in aquatic, estuarine or marine circumstances. However, organisms, such as
Aeromonas, appear to be autochthonous to the aquatic environment and are in-
cidentally found in animal and terrestrial situazions. Aeromonas is generally
regarded as occurring widely in fresh waters. While it is not regarded as a
marine organism, Hazen er al. 1978, isolated Aeromonas in higher density from
saline habitats of varying concentrations.

JReprint requests to S.W. Joseph
‘Amy Camnahan's present address: Maryland Medical Laboratory, 1901 Sulphur Spring Road,
Baltimore, MD 21227
Journal of Food Safety 9(1988) 23-35. All Rights Reserved.
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Leclerc and Buttiaux (1962) found that motile aeromonads cause an important
error in the total coliform count in drinking water, noting that they were present.
in 30% of 9,036 water samples which were presumptive coliform positive.
Neilson (1978) isolated motile aeromonads in high number from activated sludge
samples, and noted difficulty in differentiating them from E. coli. Schubert
(1976), while studying distribution of aeromonads in surface water, showed that
the aeromonads in waste water were not of fecal origin. Since large numbers of
acromonads were found in mud from siphons of sinks and in the first portion of
waste water drainage system, these were considered the source of the organisms.

Hazen er al. (1978) reported a wide range of prevalence and distribution of A.
hydrophila in 147 natural waters in 30 states in the U.S. and Puerto Rico and
concluded that abundance of A. hydrophila is so many different systems would
seem to indicate an important role for the aeromonads in natural aquatic pro-
cesses.

Vibrios in the environment clearly show a capacity for attachment to and
degradation of chitin, chondroitin and collagen; probably as a part of the sur-
vival process. Aeromonads, which are also widely distributed, probably provide
similar contributions in their ecological spheres. Clearly, it is an important resi-
dent of the total polymicrobial flora of the aquatic enviionment, while being
pathogenic for some of the animal residents.

Motile aeromonads are the causative agent of *‘red leg'* disease in frogs, and
have been reported as etiologic agznts for a number of discases in fish, reptiles,
guinea pigs, snails, cattle and humans.

The nonmotile aeromonad, Aeromonas salmonicida, has a wide geographic
distribution in freshwater fishes and produces furnculosis and bacteremia, par-
ticularly in salmon and trout. It is probably the most important cause of disease
in **farmed’’ salmon.

General Characteristics

Members of the genus Aeromonas are straight-celled, gram negative rods,
possess a single polar flagellum, and utilize carbohydrates. Most species are
motile, some are normotile. Metabolism is both respiratory and fermentative.
They are oxidase positive and resistant to the vibriostatic agent 2, 4,
diamino-6,7-diisopropylpteridine (0/129). The mol % G+C of the DNA is
57-63 (Bd, T).

Identifying and Differential Characteristics

The common characteristics which define the motile aeromonads are posses-
sion of motility, morphology. growth in nutrient broth at 37°C, indole produc-
tion, fermentation of sucrose and mannitol, breakdown of inositol. and oxidase
activity (Table 1). In contrast, the nonmotile aeromonads grow best at 22-25°C
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with a maximum of 35°C. Speciation of the motile aeromonads is based on
esculin hydrolysis, growth in KCN broth, L-histidine and L-arginipe utilization,
L-arabinose utilization, fermentation of salicin, gas from glucose, and H,S from
cysteine (Table 2). i

TABLEL. -
IDENTIFYING CHARACTERISTICS FOR MOTILE AEROMONADS

Catalase +
Oxidase +
Motility +
Morphology Rods in singles and pairs
Growth in nutrient broth at 37°C
Arginine dihydrolase '
Ornithine decarboxylase!
Indole production
Fermentation:
sucrose and mannitol
dulcitol, rhamnose, xylose,
raffinose, inositol, and adonitol
Breakdown of inositol
NO, reduction to NO,
Growth in peptone H,O without NaCl
0/129 resistance
Starch, gelatin, ONPG, RNA and
DNA hydrolysis
Tween 80 esterase

+1++

+++ 0101+

++

~Aeromonas veronii is ODC +.

Taxonomy

The name Aeromonas was first proposed by Kluyver and Van Niel and the
genus was represented in the Seventh Edition of Bergey’s manual. .4eromonas is
a member of the family Vibrionaceae along with the genera Vibrio and
Photobacterium. The earlier designations by Schubert (1969) identified the
species A. hydrophila, and A. punctata, with three subspecies (hydrophila,
anaerogenes and proteolytica) under A. hydrophila and two (puncrara and
caviae) under 4. punctara. More recently, Popoff and Veron (1976) have pro-
posed species designations of hydrophila, sobria and caviae for the motile, and
salmonicida for the nonmotile, aeromonads. Other proposed species include
Aeromonas media, isolated from an aquaculture pond, and Aeromonas veronii,
an omnithine decarbodylase positive organism. (Allen er al. 1483; Hickman-
Brenner er al. 1987).

W
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. TABLE 2. - : -
DIFFERENTIATING BIOCHEMICAL REACTIONS FOR MOTILE AEROMONADS

Test A. hydrophila A. sobria A. caviae
Esculin hydrolysist + - +
Acid from salicin} + - +
Acid from arabinose (API)* + - + .
Lysine decarboxylase (API! + + -

and Meoller's) L e
Voges-Proskaue: (API)! + + -
Gas from glucr se! + + -
(Durham Uas vial)
Beta hemolysis® + + -
Gluconate! + + -
Elastase + v -
Growth in KCN broth? + - +
mannose + + -
alpha-methylglucopyranoside + + -
H,S from Glucose Cysteine! + + -
Fermentation medium
L-Histidine utilization! + - +
L-Arginine utilization' + - +

‘Minimal characteristics required to differentiate motile Aeromonas sp. -

DNA Analyses

DNA hybridization studies have verified the distinction of the three species,
A. hydrophila, A. sobria, and A. caviae. Within these species there are at least
seven DNA hybridization groups, three in A. hydrophila, two in A. caviae, and
at least two in A. sobria. Thus far these DNA-related new groups have not been
distinguished phenotypically one from the other (Popoff er al. 1981). Similarly,
Farmer et al. (1986) using DNA hybridization (hydroxyapatite, 2P, 60C),
found only 5 of 60 Aeromonas strains to be highly related to the type strain of A.
hydrophila (70% or greater). The type strain of A. sobria was highly related to
only two other strains, suggesting that many strains of the motile, mesophilic
group of Aeromonas belong to species other than A. hydrophila, A. sobria, and
A. caviae. There appear to be nine to twelve different DNA hybridization

groups.

55 rRNA Scquence Analysis

Results of 55 rRNA sequence analysis showed that Aeromonas spp. should be
included in a family, Aeromonadaceae, separate from the Enterobacteriaceae
and the Vibrionaceae (Colwell ez al. 1986). Molecular genetic information com-
piled to date, including results of 16S ribosomal ribonucleic acid cataloging and

[N
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5S ribosomal ribonucelic acid sequence analyses, suggest that Aeromonas
demonstrate an evolutionary divergence which is significantly at variance with
that of other members of the Vibrionaceae MacDonell et al. 1986). This is bas-
ed on a method of ribonucleotide sequencing of 58 rRNA which appears to ba
useful in resolving questionable relationships (at least at the genus level) where
extensive homology with the 58 rRNA is extant. This approach appears to be
another dimersion of the polyphasic method of bacterial taxonomy, where
phylogenetic analysis of phenotypic characteristics embedded in the 2volu-
tionary history of these organisms can be correlated with fundamental properties
of the species.

Isolation and Enumeration

Aeromonas can be isolated from food, environmental, and clinical sources on
numerous types of media with varying success (Table 2). It is generally not a dif-
ficult organisni to culture, but separation from other organisms in mixed popula- -
tions and eventual identification is more complex and difficult.

Several factors should be considered in choosing a suitable culture medium.
Sensitivity and selectivity are, of course, important. Achieving an increase in
one many result in a reduction of the other.

Environment. Aeromonas sp. have been isolated from estuarine and non-
saline waters and sediment in high numbers approaching and sometimes surpass-
ing the total coliform counts. Studies performed in the Anacostia River near
Washington, D.C. (Joseph et al. 1979; Seidler er al. 1980) and in the
Chesapeake Bay (Kaper er al. 1981) indicated that this observation was due pro-
bably to a high degree of pollutirn, and not fecal contamination. Such findings
probably account for the high pro-ortion of this resident organism, in relation to
other organisms in the environment. The study in the Anacostia Riber was done
after a diver suffered an infection of a puncture wound from which Aeromonas
sobria and A. hydrophiia were isolated (Joseph er al. 1979). In the Chesapeake
Bay study, incidence of A. hydrophila was determined using a three-tube replica-
tion, MPN series. Presence of the organism was determined by inoculating ap-
propriate volumes of water or sediment into an enrichment broth (Kaper er al.
1981). After 24 h at 35°C, aliquots were plated either on RS media or Mac-
Conkey’s agar with trehalose substituted for lactose. Isolated colonies were
presumptively identified as Aeromonas using the screening medium of Kaper et
al. (1979).

In the Anacostia study (Seidler er al. 1980), a somewhat different approach
was used for deicction and enumeration. Water samples were filtered through
0.45 uM filters which were placed in tubes of lactose broth. Presumptive
Aeromonas-containing tubes were pour plated on PBG agar and enumerated as
presumptively positive Aeromonas sp. These colonies were then analyzed by the
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TABLE 3.

AEROMONAS ISOLATION MEDIA

MEDIUM

Phenol red broth
base starch
Ampicillin Agar (SA)

Pectin Agar (PA)

Sorbitol Bile
Broth (SBB)

Rimier-Shorts Agar
(RS)!

MacCuonkey
(trehalose
subsiituted

for lactose) MAC!

Peptone Baef
Extract Glycogen
Agur (PEG)

Rizpey-Cabelli
A;ar (mA)

Ampicillin-
Dextrin Agar (ADA)

APPLICATION

Food

Food

Food

Envi;onmental

Environmental

Environmental

Environmental

Environmental

INHIBITORY
AGENT

Ampicillin

Bile

Citrate,
novobiocin,
desoxycholate

Crystal
violet, bile
salts

Na. lauryl
sulfate

Ampici'lin,
desoxycholate
cthanol

Ampicillin
sodium desoxycholate

DIFFERENTIAL

AGENT

Starch, Phenol red

Pectin

Sorbitol

Lysine, ornithine
maltose

Trehalose

Glycogen

Trehalose

Dextrin

INCUBATION
TEMP.

25°C

25°C

5°C

35°C

35°C

25-30°C

25-30°C

30°C

REFERENCE

Palumbo, er al.
1985

Myers, B.R. et al. 1982

Myers, B.R. er al. 1982

Shotts & Rimler 1973

Kaper, er al. 1981

McCoy und Pilcher 1974

Rippey and Cabelli 1979

Havelaar er al. 1987

87
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TABLE 3, continued

Alkaline Peptone
Water (APW)

TSB w/5% Sheep

Blood Agar +
Ampicillin (BA-
AMP)

Trypticase Soy
Broth +
Ampicillin (TSBA)

Inositol-briliiant
green bile salts (IBG)

Dextrin-fuchsin-
sulfite Agar (DFS)

DNase-toluidine
blue + ampicillin
(DNTA)

Salt-starch-Xylose-
Lysine desoxycho.zie
Agar (SSXLD)

Pril-xylose-
ampicillin Agar
(PXA)

Xylose-
desoxychoiate-
Citrate Agar (XDC)

Clinical

Clinical

Clinical

Clinical

Clinical

Clinical,
H,0

Clinical

Clinica}

Clinical

Clinical

pH 8.5

Ampicillin

Ampicillin

Brilliant green,
bile salts

Na. sulfite,
fuchsin

Ampicillin

Desorycholat=,
citrete, NaCl 1.5%

Pril, Ampicillin

Citraze,
desoxycholate

Erythrocytes

erythrocytes

Inositol

Dextrin

DNase

Lysine, starch,

xylose

Xylose

Xylose

35-37°C

35-37°C

35-37°C

35-37°C

35-37°C

35-37°C

35-37°C

35-37°C

35-37°C

35-37°C

Millership es al. 1983

Janda er al. 1984

Millership er al. 1983

V. Graevenitz & Bucher 1983

Schubert 1977

Schubert 1967

v.Graeventiz and

Zinterhofer 1970

Roland 1977

Rogol ez al. 1979

Shread et al. 1980
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TABLE 3, continued

Cefsulodin-
Irgasan-
Novobiocin Agars
(CIN Iand CIN D)

MacConkey Agar
with 1% Tween 80
(MTB80)

MacConkey Agar
with Tween 80
and Ampicillin
(AT-80)

Gibco Aeromonas
Agar

Clinical

Clinical

Clinical

Clinical

Crysta! violet
1 a

Cefsulodin 1S mg/. 4 mg/L

4 mg/l  4mg/L

Novabiocin 25 mg/L. 25 mg/L

Bile salts,
Crystal violet

Bile salts,
Crystal violet,
Ampicillin

Sodium
deoxycholate,
sodium citrate

Mannitol

Lactose, Tween 80

Lactose, Tween 80

Xylose

25°C

35-37°C

35-37°C

35-37°C

Altorti:r et al. 1985

Hoban er al. 1981

Hoban er al. 1983

Grand !sland Biological
Co. 1986

'Membrane Filter
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Aeromonas screening medium of Kaper er al. 1979, followed by testing in the
API 20 E and finally the scheme of Popoff and Vernon (1979) to accomplish
speciation (Table 2). a

For specimens with less than 10 cfu/mL, enumeration was accomplished by a
most probable number procedure using a modified Rimmler-Shotts medium for
initial enrichment. After 24h at 37°C, tubes showing an acid reaction were
streaked onto MacConkey’s agar and then taken to further confirmation as
described above.

Foods. In a recent study (Stern er al. 1987), pig, beef, sheep and turkey fecal
specimens were assayed for recovery of inoculated deromonas sp. by directly
plating the samples on five different agar media. Of these, starch-ampicillin was
optimal with respect to selectivity and ability to differentiate Aeromonas from
other resident microflora. Generally, the numbers of inoculw. .4 Aeromonas sp.
recovered on starch-ampicillin agar were similar to those recovered on brain
heart infusion and blood ampicillin agar media, and were 10! to 10 greater than
the recovery rate on either MacConkey-ampicillin or cefsulodin-irgasan-
novobiocin (CIN) agars. The sensitivity for the direct recovery of Aeromonas
sp. from inoculated beef feces with naturally contaminating microflora, using
streaked starch-ampicillin agar medium, was betwee: 102 and 10? cells per
gram. Using starch-ampicillin agar, the incidence of Aeromonas detected from
feces was 1/32 (beef), 0/22 (pig), 0/24 (sheep) and 3/21 (tuikey). Based upon
current taxonomic criteria, the isolate from the beef feces had characteristics
consistent with both Aeromonas sobria and Aeromonas caviae, whereas three
isolates from turkey feces were identified as A. caviae or A. hydrophila (Stern et
al. 1987).

Many studie: i1ave verified the high incidence of Aeromonas on various food
products (Gray 1984; Kalina 1977; Myers et al. 1982; Palumbo er al. 1985;
Morse and Hird 1984; Stern er al. 1987, Callister and Agger 1987; Michel er al.
1985). At what stage is Aeromonas introduced in the processing of these foods?
This question remains to be answered completely. Since this organism is ubi-
quitous in soil and water, grows abundantly in heterotrophic conditions and at
vefrigeration temperatures, and is resistant to chlorine to some extent
(I.eChevallier er al. 1982), it is obvious that opportunities are numerous for
Aeromonas to remain viable, colonize and proliferate.

Identification and Speciation

Following growth on a suitable, agar medium, suspected colonies should be
subjected to a scherna which will provide eventual identification to the species
level (Table 4). Presumptively, there should be grcwth after 24 h incubation
(28-37°C) and growth on blood agar plates should be oxidase positive and resis-
tant to the vibriostat agent with fu:ther confirmation determined by performing
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.

’ >+ TABLE 4.
AEROMONAS ISOLATION & IDENTIFICATION SCHEMA

-

® Streak organisms for isolation and incubate 24 h at preferred temperature (28 °C environmental
and 35°C for clinical specimens)

5% Sheep Blood Agar
TSA Agar -~

SA Agar

CIN

® Analysis of Growth
Gram Negative Rods
Catalase - positive
Orxiilase - positive
(Use growth from Blood Agar)
Hemolysis - Beta or gamma
Motility - positive
(Wet drop)
Incole - positive
(use growth from Blood Agar)
® Set-up from Z4 h Plate

- API 20E strip
(incubate 24 h at 35°C)

- Check Vibriostat (0/129)
(should be resistant)

- Metabolism
(TSI should be Fermentative)

- No Growth in TSB with 6% NaCl

API 20 E strip tests. Final speciation can be accomplished by performing the

analyses lited in Table 2.
Concluding Statements

Several media have been proposed. Each investigator, at this point, must
evaluate them and decidz on a medium of choice. It is clear that a reliable, stan-
dard evaluation of available media needs to be done with samples from food,
clinical, or environinental sources. Conditions of incubation such as temperature
should be seriously considered in such an evaluation.

Considering the presence of DNA relatedness groups, some researchers
recommend the terminology, Aeromonas hydrophila group, rather than specia-
tion. Qur opinion is that reference to the presently existing terminology provides
better use of emerging information, allowing researchers to relate that informa-
tion more specifically. Therefore, we would recommend continued use of the
spec.es designation and look for.rd to clarification of the other groups, be they
new species, biotypes or serotypes.
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Previous DNA hybridization studies established 12 Aeromonas genospecies, from which nine phenotypic
species have heen proposed: Aeromonas hydrophila, A. sobria, A. caviae, A. media, A. veronii, A. schubertii, A.
salmonicida, A. eucrenophila, and A. jandaei. We have delineated a new Aeromonas genospecies, A. trota, on
the basis of 13 strains isolated primarily from fecal specimens from southern and soutbeastern Asia, All strains
were highly related to the proposed type strain, AH2 (ATCC 49657%): 51 to 100% (60°C) and 49 to 99% (75°C),
with 0.2 to 2.2 divergence. A2 waz only 16 to 41% (60°C) related to all other Aeromonas type strains and DNA
group definition strains. The unique profile of A. trota includes negative reactions for esculin hydrolysis,
arahinose ferinentation, and the Voges-Proskauer test, positive reactions for celtobiose fermentation, lysine
decarboxylation, and citrate utilization, and susceptibility to ampicillin, as determined by the broth
microdilution MIC method and the Bauer-Kirby disk diffusion method (10 pg). Nine of the A. frofa strains were
from a single study of 165 geographically diverse acromonads. This finding questions the efficacy of sereening
fecal specimens for Aeromonas spp. with ampicillin-containing media and suggests a previously unrecognized

prevalence of this new speeies.

The genus Aeromonas consists of nine validated and/or
proposed species: A. hydrophila, A. sobria, A. caviae, A.
sabmonicida, A. media, A. veronii (biogroups sobria and
veronii), A. schubertii. A. eucrenophila, and A. janduei (1,
2, 7,13, 14, 16, 18, 23, 24). They are all oxidase-positive,
glucose-fermenting. facultatively anacrobic gram-negative
rods that are resistant to vibriostatic agent (129, reduce
nitrates to nitrites, are unable to grow in 6.5% NaCl. and are
generally resistant to ampicillin and carbenicillin. All species
are motile via a polar flagellum, except for most A. salmo-
nicida strains (26),

These organisms are globally distributed and autochtho-
nous to marine, estuarine, and freshwater environments (12,
19). They can tolerate temperatures ranging from 4 to 42°C,
accounting for their ability to cause discase in a wide variety
of cold- and warm-blooded animals (16). Although they are
currently classified in the family Vibrionaceae, it was pro-
posed in 1986 by Colwell et al. ihat, on the basis of 5SS rRNA
cataloging, 5§ RNA scquencing, and RNA-DNA hybridiza-
tion data, the acromonads constituted a scparate family,
Acromonadaceae (10).

All of the more recently described species, with the
exception of A. cucrenophila, have been associated with
human discase (2). The purpose of this study was to establish

the taxonomic position and possible clinical significance of

an unusual group of ampicillin-susceptible A. sobria-like
organisms that thus far appear to be predominantly from
southern and southeastern Asia.

* Corresponding author,
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 Present address: University of Maryland Dental School, Balti-
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MATERIALS AND METHODS

Bacterial strains. The thirteen strains of A. frofa used in
this study are listed in Table 1 along with their geographic
distribvtion, clinical source of isolation, and original pheno-
typic designation when received. All strains were originally
isolated on media that did not contain antibiotics. in partic-
ular, ampicillin, Th: strains were then frozen in 2 ml of
tryptic soy broth with 10% glycerol (Remel, Lenexa, Kans.),
maintained at ~70°C, and subsequently subcultured to tryp-
tic soy agar plates (BBL Microbiology Systems, Cockeys-
ville, Md.). After overnight incubation at 36 = 1°C, single
colonies were subcultured as stated above and used for all
analyses. Unless otherwise stated. all analyse, were per-
formed at 36 = 1°C.

Puenotypic analysis. Of the 32 identification tests (sce
Tuble 2), 20 were performed cither by conventional methods
(15, 22) with media and biochemicals from Remel or by the
AP1 20E rapid identification system (Analytab Products,
Plainview, N.Y.). Other media used for identification and
characterization were modified GCF agar for the detection of
H,S from cysteine (25) and BEAM clastase agar (11).

DNA-related analysis, DNA was extracted and purified by
previously described methods (4, 5) from the 13 A. rrota
strains. 1 Vibrio paralaemolyticus strain, and all type and
reference strains representing all recognized Aeromonas
DNA hybridization groups. The proposed type strain, ATCC
49657" (AH2), was nick translated and labeled with *2p
(NEK-004; Dupont, NEN Rescarch Products, Boston,
Mass.). and hybridization analysis was performed at both
the optimal reassociation temperature of 60°C and the strin-
gent reassociation temperature of 75°C. Relatedness was
expressed as the relative binding ratio and as the divergence
in the melting temperature (dTm) (see Table 3). The relative
binding ratio was calculated as a percentage to enable the
determination of similaritics between strains, The relative
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TABLE 1. A. tvrota strains studied
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TABLE 2. Biochemical reactions of 13 A. trota strains

Strain ATCC Gcogr;fphic Source ()rigi'nA}I
no. location designation
AH2 49657  India Stool A. hydrophila or
A, sobria
MOB/A7 Bangladesh  Stool A. sobria
MOB/AS 49658  Bangladesh  Stool A. sobria
MOB/A9 Bangladesh  Stool A. sobria
MOB/A1l Bangladesh  Stool A. hvdrophila o1
A. sobria
MOB/AL6 Bangladesh — Stool A. hydrophilu
AMC 5439 Maryland Stool A. hvdrophila
NMRI-206 Indonesia Stool A. sobria
NMRI-208 49661 Indonesia Stool A. sobriu
CHAK 5258 Indonesia Stool A. caviae
CHAK 5274 Indonesia Stool A, caviae
AS 66 49660  Thailand Stool A. sobria
AS 370 49659 California Appendix A, sobria

binding ratio values of approximately 70% (for reactions at
60°C) and 55% (for reactions at 75°C) and a dTm of =5°C
were considered the cutoff values for DNA relatedness at the
species level (27).

Antimicrobial susceptibility. The 13 A. rrota strains were
tested for their susceptibility to 17 antimicrobial agents by
the broth microdilution MIiC method with the Gram Nega-
tive Flex 1 and Flex 2 puancls of the Vitek system (Vitek
Systems, Hazelwood, Mo.). MICs for 50% of all strains
(MICy,) were calculated (see Table 5). Antibiotic suscepti-
bility was also determined on Mueller-Hinton agar by the
disk method of Bauer et al. (3), and percent susceptibility
was calculated (see Table 5).

RESULTS AND DISCUSSION

Phenotypic analysis. Nine of the 13 A, rrota strains were
originally part of a large systematic assessment of 165
geographically diverse aeromonads from clinical, environ-
mental. and veterinary sources (6). Cluster analysis by
SAS/TAXAN. a numerical taxonomy program, revealed
clusters representing the four major m2sophilic species, A.
ivdrophila, A. caviae. A. veronii (biogzroups sobria and
veronit), and A. schubertii, and a small cluster of nine strains
that have recently been proposed to be A. jandaei (formerly
DNA group 9 A. sobria) (7). This numerical taxonomy
analysis also revealed a second small cluster of nine strains
that were distinct from all other Aeromonas phenotypic
species. They were uniformly negative for esculin hydroly-
sis, arabinose fermentation, and acetoin utilization (Voges-
Proskauer) and uniformly positive for citrate utilization and
lysine decarboxylation. They were also generally positive
for the production of gas from glucose and H,S from
cysteine on modified GCF media and generalty negative for
sucrose fermentation (Table 2). The discovery ol ampicillin
susceptibiliiv in conjunction with the acquisition of four
additional such strains (AS 66, AS 370, 5258, and 5274) led 1o
further investigation of this cluster. Additional phenotypic
markers, including failure to oxidize ghiconate, positive
cellobiose fermentation, and susceptibility to carbenicllin,
led us to suspect that this cluster represented o new Aero
monas phenotypic species.,

DNA hybridization. Definitive identification of this cluster
as a new species was accomplished in 4 stepwise process.
Strain AH2 was labeled and tested against all the Acromonas
type and definition strains and ATCC reference strains

Cumulative %7

. Reaction lor type
positive on day* : r

Test strain ATCC
1 > 1 7 49657 (AH2)
Indole production 100 +
Voges-Proskauer 0 -
Citrate” 100 +
Esculin hydrolysis 0 -
H,S on TSI 0 -
H,S on modified GCF 75 100 +
media
Lysine (Moeller's) 100 +
Arginine (Moceller's) 100 +
Ornithine (Moeller’s) 0 -
Motility (25°C) 92 +
Gelatin hydrolysis 100 +
D-Glucose:
Acid 100 +
Gas 75 83 83 +
Acid produced from:
Amvgdalin® K83 +
t-Arabinose 0 -
Cellobiose 100 +
Inositol” 0 -
D-Mannitol 75 83 83 +
Mannose 100 +
1 -Rhamnose” 0 -
Salicin 0 -
n-Sorhitol” 0 -
Sucrose 17 17 17 17 -
Gluconate 0 -
Ascorbate utilization 0 -
Llastase 0 -
Nitrate reduction 100 +
Oxidase 10 +
ONPGY 100 +
String test 1] -
07129 Resistance 100 +
femolysis on SBA” 4 7777 +

¢ - negative at end of appropriate incubation period; 4, positive at 24 h or
at end of appropriate incubation period.

" APL20E result.

* TSI, triple sugar iron.

L ONPG, o-mitropheny -B-galactopy ranoside.

“ SBA, sheep blood agar (tryptic soy agar with 577 sheep erythrocytes).

(Table 3) and found to exhibit only 16 to 415 homology. The
second run used AH2 as the labeled probe against the other
12 phenotypically similar strains (Table 1), They showed 51
to 100% homology at 60°C and 49 to 9977 homology at the
more stringent 75°C, with a dTm of 0.2 to 2.2 (Table 3).
Although strains A6, AMC 5439, und A7 fell below the 60°C
accepted cutoff of 705 homology ., their respective values for
dTm and percent homology at 75 C taken collectively con-
firm that they are of the same species (27).

Designation of A. trota. We propose the name Acromonas
trota for the 13 strains listed in Table 1 (21). The species
name (pronounced tro‘ta) is derived both from the Greek
adjective ““trotos.” meaning “vulnerable.” and the modern
(nco) Latin feminine adjective “trota,”” meaning **vulnera-
hle.™ This devignation is predicated upon the susceptibility
of the organisms to ampicillin and carbenicillin, which first
led us to suspect that the organisms were a separate group of
acromonads. The type strain of the species is designated
ATCC 49657 (formerly AH2), and a complete description of
all of the strains is provided in Table 2. The unique profile of
A. trota includes negative reactions for esculin hydrolysis.
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TABLE 3. DNA rciatedness of the type strair of A, trota to
other strains of A. trota and Acromonas spp.

Relatedness (90) o
labeled DNA of 2t
Strain trota ATCC 49657

oC Jdtme 78C

ATCC 496577 (AH2) 100 0.0 10
MOB/A7 67 02 T
MOB/ASR 81 1.6 79
MOB/AY 1000 2.0 93
MOB/AL1 73 09 73
MOB/AL6 69 22 o8
AMC 5439 S 1.0
NMRI-206 100 1.0 YR
NMRI-208 82 04 8%
CHAK 5258 22 92
CHAK 5274 8§ 1.7 8l
AS 66 82 0.3 89
AS 370 91 1.0 9y
V. parahaemolyiicus 14 11.1 ND"
A, hvdrophila (IDNA group 1) CDC 9079-89 IS ND ND
(ATCC 7966")
A sobria (DNA group 7) CDC 9538-76 (CIP 32 ND ND
74330
A. veronii biogroup sobria (DNA group §)
CDC 9080-79 (ATCC 9071) 36 ND ND
CDC 0437-84 36 ND ND
AL veronii bogroup veronii (DNA group 1) 41 ND ND
CDC 1169-83 (ATCC 356241
AL hivdrophila (DNA group 2) CDC 9533-76 37 ND ND
A. hydrophila (DNA group 3) CDC 0434-84 27 ND ND
AL caviae (DNA group 4) CDC 9083-79 (ATCC 30 ND ND
15468")
AL caviae (DNA group Sa) CDC 0862-80 I8 ND ND
A, media (IDNA group Sh) CDC 9072-83 33 ND ND

A ceucrenophila (DNA group 6) CDC 0859-83 3:'! ND ND
(NCMB 74")

A jandaei (DNA group 9) CDC 0787-80 1S ND ND
(ATCC $9568")

A schubertit (IDNA group 12) CDC 2446-81 17 ND ND
(ATCC $3700")

Acromonay group 501 CDC 2478-85 16 ND ND

Enteric group 77 (DNA group 11) CDC 1306-83 32 ND  ND

“dTm, difference in me ang temperitare between cack homologous and
heterologous DNA complex.
P ND. not determined.

arabinose fermentation, Voges-Proskauer test. and glu-
conate oxidation. Further, A. rrata is positive lor cellobiose
fermentation, lysine decarboxylation, and citrate utilization
but is susceptible to both ampicillin and carbenicillin. A
comparison of this profile witk those of other mesophilic
Acromonas species is given in Table 4 (6, 7, 13-15, 17, 23,
26). Negative sucrose fermentation, positive mannitol fer-
mentation, gas production from ghicose, production of H,S
from modified GCIF media. and hemolysis on tryptic soy agar
with 5% sheep blood could also be used as presumptive
markers but showed slight variability within the group and
were not as definitive as the profile markers described
above,

API 20E profile numbers for these strains identilied them
all as AL hivdrophila complex.” with an identification level
of “good™ to “excellent,” but with the comment that the
negative reaction for mannitol and/or sucrose was consid-
ered atypical in their data base. Likewise, these strains were
all identified as A, hvdrophila in the Vitek system with a
Gram Negative Identification (GND Card at Y9% accuracy.

J. CrIN, MICRroBIOL.

Antimicrobial susceptibility. The antibiogram of A. rrota
generally showed susceptibility to all 17 antimicrobial agents
tested, with the exception of moderiate susceptibility to
cefoxitin and cefazolin and generalized resistance to cepha-
lothin. This resistance to cephalothin is atypical of clinical A.
sobria (now A, vervonii biogroup sobria) (17), although the
newly proposed A, jandaei (formerly DNA group 9 A,
sobria) also showed generalized resistance to cephalothin
(7). This ditference may serve as a useful marker tor the
differentiation of one A. sobria btogroup from another.

Most interesting was the uniform susceptibility of A. trota
to ampicillin and carbenicillin found by both the broth
microdilution MIC method and the classic Bauer-Kirby disk
diffusion method (Table S). The absence of plasmids in the
type strain, ATCC 49657* (8). and in acromonads in general
supports the observation that resistance to ampicillin and
carbenicillin, when observed, is most likely chromosomal in
nature (9, 20).

The majority of the strains were isolated during the
mid-1970s and carly 1980s, well before the availability and
resultant trend toward the use of ampicillin-containing media
for the screening and isolation of acromonads. This fact
suggests that the use of such media may result in a negative
selection against A, wrora, which has apparently been in the
environment for guite some time and appears to be capable
ol causing human discase. Awareness of ampicillin suscep-
tibility is important not only for A. rrota but also lor other
acromonads as well, sin. e results from the previously men-
tioned numerical taxonomy study at the University of Mary-
land also revealed the existence of a subset of ampicillin-
susceptible A, caviae strains Trom clinical specimens (6).

Geographie distribution, Another interesting aspect of this
new species is ity geographic distribution. Although it was
found in five countries on two continents, a majority of the
strains (11 of 13) originated from southern or southeastern
Asia (Table 1). Whether this geographic distribution repre-
sents an original reservoir for A, trota in that arca of the
world that is now spreading to other arcas can only be
determined by both accurate biotyping and ¢xamination of
antibiograms of a larger number of similar isolates from
numerous geographic arcas.

Clinical significance. A. trota was isolated almost exclu-
sively Trom fecal specimens, with the exception of AS 370,
which was isolated from an appendix. Although there is a
strong associatios between aeromonads and gastrointestinal
discase, Koch's ponclates have not been fulfilled to date.

Most of the isolates in this stady were accompanied by
very limited patient information (Table 1), but there was a
well descnibed case histors available on the type strain,
ATCC 496577 (AH2). The patient was a 28-year-old labora-
tory worker with no presvisting health problems. The indi-
vidual was exposed 1o a brain heart infusion broth suspen-
sion of AH2 by accidental ingestion ol an 18- to 24-h broth
culture (approximately 10” organisms) while preparing it for
permanent storiage and subsequently sutfered a severe bout
of diarrhea with “rice-water™ stools over a period of 2 days.
The clinical symptoms arose suddenly, without prodromes,
within 24 h ol the laboratory accident. The illness was
self-limiting and subsided uneventfully after 2 days without
any further complications.,

A stool culture was performed on two separate occasions
during the illness by streaking fo zal material on human blood
agar, MacConkey agar, and chocolate agar plates and inoc-
ulating hrain heart infusion broth. After overnight incubation
at 30°C, pure cultures of a single type of gram-negative
bacterium were observed on all the media. The organism
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TABLE 4. Comparison of distinguishing profiles of A. trota and other Aeromonus spp.

Result” for:

Test

A. trota i. jundaei

A. veronii
biogroup sobria

A. veronii

R .. A. caviue
biogroup veronii

A. schubertii A. hydrophila

Esculin hydrolysis -

Voges-Proskauer - +
Cellobiose + -
Gluconate oxidation - +
Fermentation of:
Arabinose - - -
Mannitol + +
Sucrose -
Suscenptibility to:
Ampicillin S R R
Carbenicillin S R R
Cephalothin R R S
Colistin”® S R S
Decarboxylase:
Lysine + + +
Arginine + + +
Ornithine - - -
Indole + + +
H.S on modified GCF media + + +
Glucose (gas) + + +
Hemolysis (56 sheep erythrocytes) \% + +

+ 1+

+ +

+ -~ + +
+ \Y + -
+ - - v
ND - + -
- - v

+ - + +
+ - +

R R R R
R R R R
S S R R
S S v S
+ + + -
- + + +
+ - - -
+ - + +
+ - + -
+ - + -
+ + + A%

¢ =, negative; b, positive; V, variable: ND, not determined; S, susceptible: R,

" Single-dilution MIC. 4 pgml.

isolated on both occasions was oxidase positive, was beta-
hemolytic on human blood agar, and was an opaque, non-
lactose fermenter on MacConkey agar. Biochemical charac-
terization with the API 20E system identified the organism as
A. hydrophila, and further identification of the organism to
the species level by the criteria of Popofl and Veron (23)
assigned it to the A. sobria group. These isolates were
preserved and subsequently confirmed to be identical to the

resistant,

original AH2 strain that was ingested. This was accom-
plished with the phenotypic analyses listed in Table 2.

Strain AH2 also exhibited mannose-sensitive hemaggluti-
nation and was untypeable by the Sakazaki serotyping
scheme. Furthermore. sterile, filtered culture supernatants
were found to possess hemolytic activity on human erythro-
cytes. cytolytic activity on Vero cells, and proteolytic activ-
ity on tryptic soy agar with added skim milk.

TABLE 5. Antimicrobiul susceptibility of 13 A. trota strains

Broth microdilution MIC method

Bauer-Kirby disk diffusion method

Antibiotic MIC | N A tdiok o
Runge s nlerpretation fug) Susceptibility
(pg/mb) (pgmh*
Amikacin <2-8 4 S 30 100
Ampicillin <().25-2 <0.25 S 10 100
Aztreonam <8 <8 S 30 100
Cirbenicillin <16 <16 S 100 100
Cefazolin <8->132 16 MS 30 62
Cefoteian <16 <16 S 30 100
Cefoxitin <2-16 16 MS 30 92
Ceftazidime <8 <8 S 30 100
Ceftriaxone <8 <8 S 30 100
Cefuroxime <4 <4 S 30 100
Cephalothin <2->>32 =32 R 30 8
Ciprofloxacin <(.5 <().5 S S 100
Gentamicin <().5-235 15 S 10 100
Imipenem <4 <4 S 10 100
Mezlocillin <16 <16 S 75 100
Piperacillin <8 ~8 S 100 100
Tetracycline <1-8 <1 S 30 92
Ticarcillin <16 <16 S 85 100
Ticarcillin-clavulanate <16 <16 S 75 100
Tobramycin <{).05-2 1 S 10 100
Trimethoprim-sulfamethoxazole <10 <10 S 23.75/1.25 100

*A0%%, MIC for SO of all strains tested.
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Conclusions. We have reported on the isolation and iden-
tification of a new Aeromonas species, designated A. trota.
This species has a biochemical profile of negative reactions
for esculin hydrolysis, arabinose fermentation, Voges-
Proskauer test, and gluconate oxidation, positive reactions
for cellobiose fermentation, citrate utilization, and lysine
decarboxylation, and a uniform dual susceptibility to ampi-
cillin and carbenicillin. Rapid identification systems, such as
API 20E, and automated identification systems, such as the
Vitek system, will identify these isolates as cither A. Ivdro-
phila complex or A. hydrophilu. However, some of the
distinguishing biochemical markers mentioned above are
incorporated within these two systems and should lead the
clinical microbiologist to suspect the possibility of A. trot..

Although A. trota appears to be predomirantly from
southern and southeastern Asia, it may in fact be present
worldwide. Documentation of its possible clinical signifi-
cance and virulence potential for humans, presented here,
strongly suggests that this species should be considered in
biotyping of aeromonads from clinical and environmental
sources.
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Twenty clinical strains cach of Aeromonas hydrophila, Aeromonas caviae, and Aeromonas sobria were

evaluated for their abilities to oxidize one or more of 95

arbon sources on a GN Microplate (BIOLOG,

Hayward, Calif.). Nine substrates yiclded good, discriminatory values for the three species tested. The pancel
appears (o be useful for the species identification of Aceromonas isolates originating from hunian material,

The genus Acromaonas has received increased attention
from the medical community as a suspected cause of bacte-

riad gastroenteritis and as the etiologic agent of a number of

additional intectious syndromes which include septicemia,
cellulitis, and peritonitis (4), Within the genus at teast 11
distinet species exist, as determined by DNA hybridization
studies: of these 11 species. 7 have tixonomie standing in the
literature (6). Recent studies have indicated that a najority
(7510 937y of Acromonas solates recovered from clinical
matertal fali into hybridization groups 1. 4, and 8: these
hyvbridization groups correspond to the phenotypically iden-
tifiable species of AL hvdrophila, A, caviae, and AL sobria.
respectively (3, 6). Although these three phenotypic species
can be identified by using o conventional battery of eight or
mare biochemical tests. most commercial identification pan-
els for gram-negative organisms do not have the capability
for accurate species identification within the genus Aeromo-
nas. Instead, many such systems choose to collectively refer
to the mesophilic acromaonad group as cither A, hvdrophila.
the AL hvdrophila complex. or Acromonas spp. Recently. 2
new gram-negative microplate panel has been commercially
introduced (GN Microplate: BIOLOG. Tayward. Calif.)
which tests for the ability of bacteria to oxidize one or more
of 95 carbon sources in the presence of o redoy indicator
(tetrazolium dyve). We have evaluated this system as o
potentially usetul tool in the species identiication of Aero-
tmonas iselates recovered from clinical material.

Sixty Acromonas strains (AL hyvdrophila, n 200 A,
sobria, n 200 and AL caviae. n 20) recovered from
clinical material were evaluated in this study: three type or
referenice strains tnamely, A, hivdrophila ATCC 79661, A,
sobric ATCC 9071, and A, caviae ATCC 153687 were
additionally included to ensure intra- and interlaboratory
reproducibility. Each strain was grown overnight on Trypti-
case (BBL Microbiology Systems Cockeysville, Md.) soy
agar at 35 CL after which the 18-t 20-h resultant growth was
removed and spectrophotometrically standardized by opti-
cal density at 590 nm) i 0857 NaCl according to the
instructions of the manofacturer. These standardized sus-
pensions were then inoculated into individual wells (150-pl
volumes) of & 96-well GN Microplate tincludes one control
welly by using o multichannel pipetter. Inocalated plates
were then incubated for 18 to 20 hat 35 C before being read.

OfF the 95 carbon substrates sereened in this system, one or
more of the 60 Acromaonas strains were able 1o oxidize 66

* Corresponding author,
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(6977) of the tested compounds. The 29 compounds which
viclded uniformly negave results included adonitol, i-eryth-
ritol. L-fucose., m-inositol maltose., p-melibiose. b-raflinose.,
sylitol, p-padactonic acid luctone. p-glucosaminic acid, -
glucuronic acid. a-hydroxybuytric acid, -hydroxyphenyl-
acetic actd, itaconic acid, a-ketobutyric acid, a-ketoglutaric
acid. a-ketovaleric acid. malonic acid, quinic acid. p-sac-
charie acid. sebacic acid, glucuronamide, hydroxy-t.-pro-
line. r-phenylalamine. -pyroglutamic acid. pr-carnitine.
phenylethylimine. 2-aminocethanol, and 2.3-butanediol. In o
similar fashion. 10 other carbon substrates were positive for
all 60 strains. including dextrin, glycogen. N-ucetylglucos-
amine, D-fructose, a-p-glucose, p-mannitol. 3-methylgluco-
side. sucrose, p-trehalose, and -asparagine.

OF the remaining 57 carbon substrates. 14 compounds
were positive 9077 of the time or more with the 60 mesophilic
acromonads evaluated: these compounds included Tween
0 and 8O, p-galactose. p-mannose. methyl pyruvate, b-
gluconic actd, succinic acid, 1 -aspartic acid, 1 -ghitimic acid,
glyevl-1 -aspa Sid. 1-serine, inosine, glyeerol, and or -
a-glyeerol-phosphate oxidation. Twelve other compounds
were positive at a frequeney ranging between 1 and v 77 and
included c-cyclodextrin, p-arabitol, 1-rhaumnose. turanose.
citric acid, formic acid. a- and B-hvdroxybutyric acid. pro-
pionic acid, 1 -leucine, c-aminobutyric acid, und putrescine

The remaining 30 carbon sources that displaved variable
positivity rates (hetween 10 and 90 7 ) were further evaluated
for their potential usefulness in phenoty pically distinguishing
between the three Acromonas species tested. Nine sub-
strites were unquestionably found to have significant dis-
criminatory value in species identification and are listed in
Table 11 of these nine substrates, seven texcluding 1 -arabi-
nose and celfobiose) have not previomsdy been identified as
uscful biochemical markers (1.5, 7). In addition. although
9077 of the strains studied were positive for the oxidation of
D-mannose. all mannose-negative strains (0 6) were iden-
tified as AL caviae. another property previoushy tound to be
useful in other Aeromonays identification <chemes (5), The
remating 21 carbon substrates exhibiting variable positivity
rates overall (10 to 9077y are listed in Table 2: within this
latter group only Lactose and 1-histedine have previously
been reported to have diseriminatory value in Acromonas
species identification (1, 5, 7).

The results of this study suggest that the BIOLOG GN
Micropiate panel may be uscful Tor species identification
within the genus Acromonas. although this system is cur-
reatly not approved for clinical use. On the basis of the
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TABLE 1. Phenotypic properties useful in Acromonas
species identification

¢ Positive

Carbon source
Overall” AL Ivdrophile AL caviae AL vobria

N-Acetylgalactosamine 43 100 S 25
1-Arabinose 03 hi}] 100 15
Cellohiose 3 s 83 10
Gentobiose 17 0 S0 [{]
D-Galacturonic acid 18 1] S5 i}
DL -Lactic acid 62 PN 90 0
Urocanic acid RK} 10 90 1
Glucose-1-phosphate 68 100 3 100
Glucose-6-phosphate 67 100 0 100

* Basced on 60 steains (AL Ivdrophila, no~ 200 AL caviae. n — 200 AL sobria,

n - 20.

results listed in Table 1. all 60 Acronmonas strains could
unambiguously be placed in their correct taxonomic posi-
tions. Several carbon substrates (cellobiose. t-arabinose,
and lactose) included in the GN panel have previously been
found to be valuable in species identification, and compara-
ble results were also obtained in this study. One significant
difference noted in this study was 1 -histidine oxidation,
test originally proposed by Popoffand Veron i7) 1o be useful
in determining the species status ol individual Acromonas
isolates. Our results were less dramatie (Lable 2) than those
previously published; however. it should be noted tiat
although the substrates are identical, the methods are en-

TABLE 2. Vartable carbon oxidation profiles
of Acronmnonas speeies

B

« Positive

Overall* A Indroplida AL caviae A sobria

Carbon somee

Lactose 27 20 AN N
Lactulose 17 10 40 0
Psicose &8 RS 100 80
D-Sorbitol Rh 20 35 RN
Monomethyl sue iate n RN 30 0
Acetic acid 47 30 75 0
cis-Aconitic acid 17 N N 40
Bromosuceinic acid 87 Ys 75 90
Succinamic acid kAl 10 hh 40
Alaninamide 13 0 Rii} 10
D-Alanine 7 30 78 N
1-Alanine 73 S0 bl RS
1-Alanylglyeiae 83 70 9l 90
Glveyl-r -ghutamic acid R0 (N U R0
1 -Histidine 435 Ss S0 0
1-Ormithine 12 hl 30 ]
1 -Proline 18 s 45 N
D-Serine b vs 70 ot
t -Threonine 22 10 AN 1]
Lindine X7 75 104 RS
Thymidine o8 48 100 ol

Y Bared on 60 stians (A Invdrophila, n - 200 A caviae o 2008 sobnia,

no- M
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tirely different, and each test may not produce equivalent
results. Intra- and interlaboratory reproducibilities of test
results for mean values were found 1o be 95 and 9497,
respectively: the discrepancies noted were invariably reac-
tions which were visually difficult to determine as weak
positives or negatives, The system has additionally incorpo-
rated D-mannitol as a carbon substrate, which could facili-
tate the identification of A schuberiii o present (2). Recent
studies conducted by Arduino and colleagues at the Centers
for Discase Control (M. J. Arduino, F. W. Hickman-
Brenner, and 1. J. Farmer THL. Abstr. Int. Workshop on
Acromonas and Plesiomonas. p. 37, 1988) have identified 41
biochemical characteristics that can correctly identify 8547
of the individual Aeromaonas strains (and can partially iden-
tify an addinonal 1997 to the correct DNA grouping with the
aid of 4 computer identification program. Although progress
has been made in the correct taxonomic (genospecies) as-
signment of Acromanas strains through phenotypic charac-
terization. much work remains to be accomplished. The
number of tests currently required to perform such analysis
is prohibitive, necessitiates the use of specialized reagents
and media, and is not directly applicable to the clinical
laboratory. Furthermore, DNA hybridization groups 4, §,
and 6. which phenotypically resemble AL caviae. cannot at
present be casily separated with this expanded biotyping
system. We chose clinical isolates tor this study since a vast
majority of such strains reside in only three distinet species
thybridization groups 1.4, and &), and cach corresponds to a
particular identifinble phenotype (AL hvdrophila. A, caviae.
and AL sobrig). Because of the apparent success of the
present study, it seems possible that the BIOLOG GN panel
might be additionally usclul in the phenoty pic characteriza-
tion of environmental strains where greater genetic diversity
oceurs, although the current cost per panel ($5.65) scems
unreasonably high for routine liboratory use.
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Exudate removed from an infection that developed below the left eye of a 10-year-old male following a
previously inflicted wound after aquatic exposure was cultured and revealed two different Aeromonas spp.
Further characterization showed that one strain was phenotypic. 'ly identical to Aeromonas veronii, while the
other strain was confirmed by DNA hybridization analysis to be Aeromonas jandaei sp. nov. This is the first
report of these more recently described acromonads, thus far rarely reported from clinical disease, oceurring

simultaneously in a human infection,

Acromonads have been isolited from almost every part of

the human anatomy including tissue, spinal fluid, and blood
(15). To date, of the nine species thus far validated or
recommended for validation, five have been isolated from
human intestinal infections, extraintestinal infections, or
both. There is cvidence that Aeromonas veronii biogroup
sobria (formerly A. sobric) may potentially be the most
virulent of these five species (8, 12-14). Within the past few
years convineing data have accumulated to implicate acro-
monads as primary causes of human infections. although the
virulence mechanisms of these organisms are not as yet
clearly defined. "This is in sharp contrast to the historical
perspective that acromonads were associated only with
infections in immunocompromisaed individuals.

The identification of numerous DNA relatedness groups
by Fanning et al. (9) and the finding that three to five of these
groups are the most commonly found in Aeromonas-associ-
ated human clinical disease (1, 11, 20, 22) suggest that
perhaps we are beginning to penctrate the veil which has

enveloped this formerly enigmatic and complex group of

organisms,

AL veronii was proposed for separate species designation
by Hickman-Breoner et al. (10) because of ite ornithine
decarboxylase-positive characteristic which distinguishes it
from the other acromonads. Their study was based on nine
strains in their collection that resembled Vibrio cholerae but
that were string test negative and produced gas from glu-
cose. Unlike the halophilic vibrios, A. veronii does not
require NaCl for growth,

‘The DNA group 9 acromonads are characteristically neg-
ative for sucrose, esculin, and cellobiose and do not grow in
the presence of KCN (2). The species designation Acromo-
nay jundaei has been recommended for this groun (6.

In this report we describe one strain cach of A, veronii
(DNA geoup 10) and A. jundaei (DNA group Y Acrome as)

* Corresponding aunthor.

*Present address: Microbiology Department. Anne Arundel
Medical Center, Annapolis. MD 21401,

T Present address: National Institute of Allergy and Infections
Discases, Bethesda, MDD 20892,
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obtained from the tissue wound o1 a 10-year-old male who
swam in a freshwater pond after a missile-imposed injury
was sustained below the left eye.

MATERIALS AND METHODS

Case history, A 10-year-old male was referred to the
ophthalmology service for presumed cellulitis overlying the
left lacrimal sac. The patient reported being struck in this
arca by a BB from an air rifle 5 weeks prior to admission.
Because there was minimal bruising and bleeding at the time
of injury. the patient did rot believe that the BB had
penetrated the skin and thus ¢id not report this injury o
anyone at the time. The patient went to summer camp 2 days
after the injury had been inflicted and later swam in a
freshwater pond. He subsequently developed erythema and
mucopurulent drainage from the skin overlying the left
lacrimal sac. The patient was evaluated at a local emergency
room, where samples from the wound were obtained for
culture. He was treated with cephalothin for presumed
cellulitis and was later referred because of continued drain-
age and subscquent radiographic studies which showed a
metallic foreign body in the area of the lacrimal sac. The
patient underwent an exploration and excision of the lacri-
mal sac-cutancous fistula, removal of the foreign body (BB),
and intubation of the proximal nasolacrimal system.

Initially. the culture was found to contain two isolates. one
resembling A. hvdrophila and the other an uxidase-positive,
gram-negative rod resembling V., chiolerae. Further analysis
revealed these striins to be two separate Aeramonas spp..,
by which time the patient had been treated postoperatively
with intravenous cefotaxime for 3 days and for 7 subsequent
days with oral Bactrim (trimethoprim-sulfamethoxazole),
with complete recolution of the infection,

Bacterial strains, The strains used in this study. 4658/ WRIH
ard 4659/WRLE, and the reference strains A, jundaei ATCC
49568 (6) and A. veronii ATCC 35624" (1) were quick-
frozen in 2 ml of Trypticase soy broth with 105 glycerol
(Remel, Fenexa, Kans.), maintained at —=70°C, and subse-
quently subcultured onto Trypticase soy agar slants (BBLL
Microbiology Systems. Cockeysville, Md.) and incubated
overnight at 36 = 1'C.

Phenotypic analysis. Strains were examined for phenotypic
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traits representing a range of morphological, biochemical,
physiological, and tolerance tests, which included Gram
stain, oxidase activity, glucose fermentation, string test, and
resistance to Vibriostat (0/129) (150 pg/ml; Oxoid, Columbia,
Md.). They were also characterized with the AP 20E system
(Analytab Products, Plainview, N.Y.) and further examined
for production of diffusible pigment on Trypticase soy agar,
indole production; esculin hydrolysis; growth in KCN; fer-
mentation of arabinose, salicin, mannitol, and sucrose; pro-
duction of gas from glucose: ornithine decarboxylase; motil-
ity by wet preparation of growth at 25°C; arbutin hydrolysis;
and H,S production 1vom cysteine by using a modified GCF
(gelatin-cysteine-thiosulfate) medinm.

Further tests were conducted to differentiate specific
biotypes, to detect potential virulence-associated markers,
or both. These were lysine  decarboxylase,  Voges-
Proskauer, hemolysis on Trypticase soy agar plates with 5%
sheep or 5% horse blood by streaking and stabbing and
incubation at 36°C for 24 to 72 h, acriflavine agglutination
(21), autoagglutination (17), and nyrazinamidase activity (7).

Unless stated otherwise, all tests were performed at 36 £
1°C by using conventional methods and nicdia (Remel).

Determination of mole percent G+C content. The mole
percent guanine plus cytosine content was determined in
duplicate for strains 4658/WRII and 4659/WRI as [cllows.
Preparation of DNA samples was performed as described
previously (18), with the following modifications. The cells
were washed twice with 10 to 20 ml of TE bufter (10 mM
Tris, 1 mM EDTA) with centrifugation at 5,000 rpm in a
Sorvall RC-SB centrifuge at 4°C for 20 min. The cell pellets
were resuspended in 0.01 M Tris (pH 8.0) with lysozyme
(500 pwg/mly and then disrupted by alternating freezing and
lysis in dry ice (5 min) and immersion at 55°C, To the
mixture, 20 pl of sodium dodecy! sulfate (SDS) (25%¢ [vol/
vol]) per ml was added to complete lysis, followed by
adjustment of {Na ' Jto 1 M by using S M NuaCl or 5 M sodinm
perchlorate. The DNA was precipitated and purified, and the
base composition (guanine plus cytosine) was obtained by
thermal denaturation (23, 24) by using the Gilford system
2600 (Gillord Insttument Laboratories, Inc., Oberlin, Ohio).
V. cholerae ATCC 14035 was included as i control

DNA relatedness assay. DNA-DNA hybridization was con-
ducted on strain 4658/ WRI in duplicate by using the batch
hydroxyapatite thermal elution procedure (4, 5). DNA from
A, Jundaei ATCC 45968" was nick-translated with P
(NEK-004: Dupont, NEN Research Products, Boston,
Mass.) and reacted with unlabeled DNA from 4658/WRIT at
both the optimal reassociation temperature of 60°C and the
stringent incubation temperature of 75°C. Relatedness was
expressed as the relative binding ratio and as the divergence
in the melting temperature.

Antibiotic susceptibility. Antibiotic susceptibility was de-
termined by using the MIC microtiter method following the
standards for interpretation of the National Committee for
Clinical Laboratory Standards (25, 26). The MICs of 17 of
the most recently prescribed antimicrobial agents were de-
termined in a 96-well microdilution plate. the Microfcan
Gram Negative Panel 7 (Baxter Healtheare Corp.. Micro-
Scun Division, West Sacramento, Calif.)y, and the resuolts
were interpreted and recorded both manaally and with an
AutoScan-4 reader, with computer-assisted ana'ysis done
with an IBM PS/2 model 60 computer. The antimicrobial
agents and concentrations used are lisced in Table 3. In
addition to these antimicrobial agents, the panel also tested
for a “growth’ or “no growth™ response against a single
dilution of colistin (4 pg/ml).

J. CLIN, MICROBIOL.

TABLE 1. Biochemical reactions of A. jandaei (DNA group 9)
and A. veronii (DNA group 10) strains

Reaction”
Test oy A veromii ey A jandaci

WRI ATCC R ATCC

356241 49568"
Arginine dihydrolasc - - + +
Ornithine decarboxylase + + - -

(Moeller)

Esculin hydrolysis + + - -
Pyrazinamidase - - - w+

Fermentation of:

Salicin + + - -
Sucrose + + - _
Cellobiose + + — _

“ DNA group 10 is now considered to coincide with DNA group &,

" - Negative after the appropriate inctibation period; +, positive after the
appropriate incubation period: w i, weakly positive. The following tests were
positive for all of the strains tested: oxidase, indole, V' oo Proskaner, H,S on
GCF, growth at 42°C lysine decarbosylase (Me e nechity, acid and gas
from glucose, acid from p-mannitol, gelatin hve icuagand p-hemolysis on
Trypticase soy agar containing S sheep or horse blood. The following tests
were negative for all of the strains testeds stong test, acid from arabinose,
browr pigment on the Trypticase soy agar at 36°C, growth in KCN, and
sensitivity to Vibriostat (0/129).

© A reaction wirs observed tollowing anatysis with the APL 20k system.

RESULTS

Biochemical characterization. Both strains 4659/WRI and
J6S8/WRI were oxidase-positive, fermentative, gram-nega-
tive rods which were motile, string test negative, and resis-
tant to Vibriostat: they did not require NaCl for growth, did
not grow in the presence ol 6.5 NaCl, and reduced nitrates
to nitrites.

A comparison of the two test strains with their respective
reference strains showed them to be phenotypically identi-
cal, For the characteristics listed in Tavle 1, 4659/WRI an |
A, veronii ATCC 356247 yiclded identical results, whit.
J6SR/WRN and A, jandaei ATCC 195681 had disparate
results for only | of the 28 features tested: pyrazinamidase
activity.

The primary distinguishing features among A, veronii, A,

Jandaei, and the three major species A, Iivdrophila, A.

veronii biogroup sobria (formerly A. sobria). and A. caviae
are presented in Table 2. The A jandaei composite profile
which distinguished it from the other major groups included
negative reactions for sucrose, cellobiose, and salicin fer-
mentation; negative esculin and arbutin hydrolysis® and
resistance to cephalothing, cefazolin, and the single dilution
of celistin of 4 pg/ml.

The unique differentiating features between A, veronii and
the major groups were positive ornithine decarboxylase and
esculin hvdrolysis and negative arginine dihydrolase reac-
tions. Other distinguishiog difterential features for A veronii
which caused it to ditfer from other acromonads were as
follows. (1 [t was ditferent from A caviae because of
positive reactions for lysine decarboxylase, gas from glu-
cose, and T1LS from GO an it was different from AL sobria
by virtue of salicin fermentation and esculin and arbutin
hydrolysis: and (i) it was difterent from A, hyvdrophila
hecause of negative pyrazinamidiase activity and susceptibil-
ity to cephalothin and cefiazoling
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TABLE 2. Distinguisting composite characteristics of A. veronii and A. janduei from other Aeromonas spp.

Test re-ult?

Characteristic i T
A. hydrophila A ”":’:)'ér?"%mur’ A. caviue A r:g:lo:;:)gmup A. jandaei

Gas from glucose + + - + +
Arginine dihydrolase + + + - +
Pyrazinamidase + - + - v
Fermentation of:

Sucrose + + + + -

Arabinose Vv - + - -

Salicin v - + + -

Cellobiose - - + + -
Voges-Proskauer + + - + +
Hydrolysis of:

Esculin + - + + -

Arbutin + - + + -
H,S (GCF) + + - + +
Lysine decarboxylase + + - + +
Ornithine decarboxylase - - - + -
Resistance to:

Cephalothin (=16 pg/ml) + - + - +

Colistin (4 pg/ml) v - - - +

Cefazolin (=16 pg/ml) + - \Y - +

“ 4., Posttive after the appropriate incubation .2riod; -, negative after the

Nucleic acid studies. The results of the DNA hybridization
analysis showed a close relationship between strain 4658/
WRITand A, janduei ATCC 495687 (80 to 78 at 60 and 75°C
with a divergence in melting temperature of 3.4°C), which
confirmed the identification of strais “658/WRII as A. jan-
daei (6).

The base compositions of the DNAs for strains 4673/
WRII, 4659/WRL, and V. che'lerae ATCC 14035 were 58.2,
57.6, and 48.39%  respectively. These values are well within
the previcusly described ranges for Aeremonas spp. and
Vibrio spp. (3, 10).

Antibiotic susceptibility. All of the sizains tested were
susceptible to amikacin, cefoxitin, certazidime, ceftriaxone,
cefuroxime, ciprofloxacin, gentamicin, tetracycline, and tri-
methoprim-sulfamethoxazole. Conversely, they were uni-
formly resistant to awpicillin. However, variable iesults
were seen with cephalothin, in which the A. veronii strains
were susceptible anu A. jandaci strains were resistant (Table
3.

DISCUSSION

Reports of multiple infections by two or mor: Aeromonas
spp. are rare. Joseph et al. (19) reported in 1979 the simul-
tancous infection with A, sobria and A. hydrophila of a leg
wound of a diver. This first report of a human with an A.
sobria infection and @ corollary study by Daily et al. (8)
catalyzed the present emphasis on species identification of
Aeromonas spp. from cinical specimens.

The simultancovs seeurrence of multiple species, multiple
serotypes, or both is prcbably more common than is real-
ized. The possibility that these organisms could be acting
synergistically, cither among species or with other genera.

appropriate incubation period; V, variable.

thereby enhancing pathogenesis in humans, should not be
ignored. By searching for a single pathogen or a simiple
mechanistic reason for infection, we may be overlooking a
more significant compley. ecological phenomenon at an in-
fection site.

In this study we identified a dual infection with two
acromonads, A. veronii and A. janduaei, both of which have
recently been described and have rarely been reported to be
isolated from wound infections; in fact, they have rarely
been reported to date (1, 6, 10, 15, 22). This may be a result
of cither the low incidence ot these organisms in the envi-
ronmeta (yet to be determined) or the low virulence or lack
of familiarity with the identifying characteristics of these
organisms in clinical laboratories. For exampie, the positive
ornithine decarboxylase activity and the absence of an NaCl
requirem=2nt for growth of A. veronii might initic ily cause
one to susp et it to be V. cholerae.

Taxonomically, A. veronii and A. sobria are related. In
fact, the DNA relatedness of organisms in DNA group 8 (A.
sobria) and DNA group 10 (A. veronii) suggests that these
groups coincide, and they are, in fact, proposed as two
biogroups of A. veronii (A. veronii biogroups sobria and
veronii, respectively) (10), Because the phenotypic charac-
teristics of the type strain A. sobria CIP 7433 (DNA group 7)
are not consistent with the characteristics seen in the major-
ity of clinical isolates. A. sobria ATCC 9071 (DNA group
8Y) is considered by most investigators to resemble clinical
AL sobria more closely. Lee and Bryant (22), in a study of
163 strains front diverse sources, found that A. sobria CIP
7433 did not cluster with their strains, most of which fit into
the three major phena. AL sobria ATCC 9071 more closely
resembices the typical ¢linical A. sobria strains isolated thus
far with respect to positive reactions for Voges-Proskauer,
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TABLE 3. [In vitro susceptibilities of 4659/WRI and 4658/WRII and A. jandaei and A. veronii type strains to 17 antimicrob!:" agents

MIC (ug/mh*

Antimicrobial agent

Range 4659/WRI1 A, veronii ATCC 356241 4658/WRII A. jandaei ATCC 49568

Amikacin =2-=16 8(S) 8(S) & (S) 4(S)
Ampicillin =1-=16 >16 (R) >16 (R) >16 (R) >16 (R)
Cefazolin =2-=16 8(S) 8(S) >16 (R) 16 (MS)
Cefoxitin =2-216 <2 (S) <2(8) <2(S) <2(S)
Ceftazidime =2-=16 <2(S) <2(S) <2(S) <2(S)
Ceftriaxone =4-232 <4 (S) <4 (S) <4 (5) <4 (S)
Ceturoxime =2-=16 <2(S) <2(S) <2(8) <2(S)
Cephalothin =B-=16 16 (MS) <8 (S) >16 (R) >16 (R)
Ciprofloxacin <]-=2 =1(S) <1 (8) >1(8) <1(8)
Guntamicin =1-=6 4(S) 4(S) 2(S) 2(S)
Imipenem =1-=8 >8 (R) >8 (R) >8 (R) 4(8)
Piperacillin =8-=64 >64 (R) 64 (MS) >64 (R) 64 (MS)
Tetracycline =4 =8 <4(S) <4 (S) <4 (8) <4 (8)
Ticarcillin-K clavulanate =8-=64 >64 (R) 32 (MS) 32 (MS) <8 (S)
Ticarcdlin =8-=64 >64 (R) >64 (R) >64 (R) o4 (MS)
Tobramycin <]-z=6 6 (1) 4 (S) <1 (5) <1(S)
Trimethoprim-sulfamethoxazole <().5/9.5->2.0/38 <0.5/9.5 (S) <{).5/9.5 (S) <().5/9.5 (S) <0.5/9.5 (S)

“ Therapeutic guide based on isational Committee for Clinical Laboratory Standards (NCCLS) standard M100-28 (26) as follows: S, susceptible; R, resistant;

MS. moderately susceptible: | intermediate.

? Centers for Disease Centrol definition strain for DNA hybridization group 10.
* Centers for Disease Control definition strain for DNA hybridization group 9.

hemolysin, and citrate. The current type strain A. sobria CIP
7433 is negative for all of these well-documented character-
istics and does not appear to be representative of clinical
strains of A. sobria. We therefore suggest that investigators
working with Aeromenas isolates from human specimens
use A. sobria ATCC 9071 (A. veronii biogroup sobria) as the
reference strain for this species and A. veronii ATCC 356247
as the reference strain for A. veronii biogroup veronii.

The antibiograms of A. veronii and A. jandaei showed that
the initial therapy used in the case reported here, i.e.,
cepnalothin, was not effective. as was observed clinically,
and that the change to cefotaxine and trimethoprim-sul-
tamathoxazole was an appropriate therapeutic approach.

The A. veronii strains were susceptible to all of the
cephalosporin-derived antibiotics tested, while the A, jun-
duaei strains were resistant to cepha'sthin and cefazolin.,
Susceptibility to cephalothin was nated by Janda and Motyl
(16) to be a useful marker for A, sobria. With the recom-
mended nomenclature o0 A, jundaei proposed for the DNA
group @ acromonads, the resistance of this species 1o ceph-
alothin should be considered a useful marker to distinguish it
from A. sobria (DNA groups 8 and 10, currently recom-
mended 10 he AL veronii biogroups sobria and veronii,
respectively),

Bevause of the sporadic isolation of DNA group 9 strains
from human specimens, we elected to hybridize the 4658/
WRII strain to the type strain A. jandaei ATCC 49568 (6).
These data and the mole perceni G+C base composition
confirmed our presumptive identification.

This report of the isolation of A. jundaei contributes to the
probability that “t is avotner acromonad of significance to
clinical microbiologists. The distinguishing features of A.
verondi biogroup veronii and A, jandaei are sufliciently
distinct from other Aeromonas spp. to recommend that they
be identified to the species leve! when Acromaonas isolates
are studied in the clinica! laboratory.,
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A large numerical taxonomy study conducted in 1988 ¢ 165 mostly clinical Aeromonas strains from diverse
geographic sources produced a cluster (S = 84%, Sy,,) of four sucrose-negative strains that included the DNA
definition strain for DNA group 9 A. sobria (CDC 0787-80). These four strains, together with five additional
strains rectived in 1989, were subjected to DNA-DNA hybridization (hydroxyapatite, **P, 60 and 75°C), and
4ll eight strains were closely related to the ninth labeled DNA group 9 definition strain CDC 0787-80 (73 to 86 %
relatedness at 60°C and 68 to 80 % relatedness at 75°C; percent divergence, 2.0 to 3.5). Type strains and DNA
definition strains for all other established Aeromonas species were only 35 to 72% relat.d (60°C) to CDC
0787-80. We propose the name Aeromonas jandaei for this highly related group of nine strains, formerly known
as DNA group 9 A. sobria. The type strain was designatad ATCC 49563 (CDC 0787-80). The nine strains were
examined at 36°C and were found to be resistant to 0/129 (vbriostatic agent) and uniformly positive [or oxidase,
gas production frora glucose, indole, lysine decarboxylase, arginine dihydrolase, o-nitrophenyl-g-p-galactopy-
ranoside, motility (25°C), nitrate reduction, citrate utilization, hemolysis on sheep blood agar, and growth in
Trypticase soy broth with no added NaCl. They all fermented p-glucose, p-mannitol, and mannose but did not
ferment sucrose, cellobiose, L-arabinose, inositol, salicin, or v-sorbitol. They were uniformly negative for
esculin and urea hydrolysis, elastase production, ornithine decarboxylation, and the string test. The
antibiogram of A. jandaei resembled that of other acromonads (resistance to ampicillin and cephalothin), but
it differed from most other aeromonads because of resistance to a single dilution of colistin and differed from
clinical A. veronii biogroup sobria (formerly A. sobria) by its nearly uniform resistance to cephalothin. The
esculin-, sucrose-, and cellobiose- nepative and colistin-resistant profile distinguished A. jandaei from other
Aeromonas species. These A. jandaei strains were isolated from blood (two strains), wounds (two strains),
diarrheal stools (four strains), and a prawn (one strain). The blood and wound isolates, in particular, suggest
that there is a possible clinical significance for this species and Justify identification of and further research on

this group of motile aecromonads.

Aeromonads are oxidase-positive, polar flagellated, glu-
cose-fermenting, facultatively anaerobic, gram-negative
rods that are resistant to (/129 (vibriostatic agent) and
autochthonous to aquatic environments worldwide (9, 20).
Although they currently reside in the family Vibrionaceae,
Colwell et al. (6) proposed in 1986 that aeromonads consti-
tute a new family, Aeromonadaceae, based on 5S rRNA
cataloging, 5S rRNA sequencing, and RNA-DNA hybridiza-
tion data.

There are currently eight recognized phenotypically dis-
tinct gennspecies distribuied among 12 DNA hybridization
groups (1). The genus consists of both psyvchrophiles and
mesophiles that are found in soil and aquatic environments
and that produce a diverse spectrum of diseases among both
warm- and cold-blooded animals (14).

The species Aeromonas sobria was first proposed by
Popoff and Veron (26) in 1976 and encompasses four DNA
hybridization groups: DNA group 7 (which includes the type
strain CIP 7433), DNA group 8 (which includes all clinical A.
sobria isolates hybridized to dav but has been proposed as
a biogroup of A. veronii), DNA group 10, A. veronii biogroup
veronii (which is phenotypically distinct from but genotypi-

* Corresponding author.
t Present address: Microbiology Department, Anne Arundel
Medical Center, Annapolis, MD 21401.

560

caliy identical to DNA group 8) (1, 10, 26), and the rare
unnamed DNA group 9 aeromonads (7).

The purpose of this study was to establish the ta conomic
position of and proper designation for the DNA group 9
aeromonads by using a suitable number of phenotypically
and genotypically related strains. Additionally, by examina-
tion of case studies, antimicrobial susceptibility patterns,
and phenotypic markers, the possible clinical significance of
this group of acromonads was investigated.

MATERIALS AND METHODS

Bacterial strains. The nine strains of A. jandaei that were
studied are listed in Table 1. All strains were frozen in 2 ml
of Tryptizasc soy broth with 10% glycerol (Remel, Lenexa,
Kans.), maintained at —=70°C and subsequently subcultured
onto Trypticase soy agar slants (BBL Microbiology Sys-
tems, Cockeysville, Md.), and incubated overnight at 36 =
1°C. Unless stated otherwise, all analyses were verformed at
36 = 1°C.

Phenotypic analysis. All of the standard identification tests
(Table 2) were performed by cither conventional methods
(16, 19) with media and biochemicals obtained from Femel
or by rapid identificatior. with the API 20E system (Analytab
Products, Plainview, N.Y.). Media for ascorbate utilization

o\
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TABLE 1. Aeromonas DNA group 9 strains studied

A. jandaei strain (;“z:c A:;(':,C Lo::rt\::nr of Source Other clinical information
CDC 0787-80 1 495687 Oregon Stool Male with diarthea and dehydration
AS-14 2 49569 New York Blood 71-yr-old male with multiple myeloma and diabetes
WRI1/4658 3 49570 Maryland Wound, below Riflegun-imposed BB injury that became infected
left eye after subject swam in a fresh H,O pond
NMRI-6 4 49571 Maryland Wound, leg Navy diver with leg wound infection with two
Aeromonas spp. from Anacostia River,
Washington, D.C.
AS-206 5 New York Stool <1-yr-old female with gastroenteritis
AS-235 6 New York Blood 96-yr-old male with acute erythroleukemia
CDC 1081-81 (AS-167) 7 49572 Hawaii Prawn Isolated from water off Honolulu
CDC 1530-81 8 Georgia Stool Two isolates from the same patient in Children’s
Hospital
CDC 1531-81 (AS 171) 9 Georgia Stoo!

“ ATCC, American Type Culture Collection, Rockville, Md.

TABLE 2. Biochemical reactions of nine A. jandaei strains

Cumulative % positive Reaction for
Test on day: ATCC 495687
1 2 3 4 (CDC 0787-80)*
Indole production 100 +
Voges-Proskauer 78 78 89 +
Citrate” 100 +
H,S on triple ugar iron 0 0 0 -
H,S on modified GCF 1 56 89 +
Urea hydrolysis® 0 -
Lysine (Moeller's) 100 +
Arginine (Moeller’s) 100 +
Ornithine (Moeller’'s) 0 0 0 -
Motility (25°C) 100 +
Gelatin hydrolysis® 89 +
D-Glucose:
Acid 100 +
Gas 100 +
Acid from-
Amygdalin® 11 -
L-Arabinose 0 -
Cellobiose 0 -
Inositol” 0 -
D-Mannitol 100 +
Mannose 100 +
Melibiose 36 56 56 +
L-Rhamnose” 0 -
Salicin 0 0 0 -
p-Sorbitol” 0 -
Sucrose 0 -
Gluconate oxidation 78 -
Ascorbate utilization 67 +
Elastase production 0 0 0 0 -
Esculin hydrolysis 0 0 0 -
Nitrate reduction 100 +
Oxidase 100 +
ONPG test?© 100 +
String test 11 -
Sensitivity to 0/129 0 -
Hemolysis on sheep blood 34 100 +

¢ —, Negative at end of appropriate incubation penod; <, positive at 24 hor
after appropriate incubation penod.

b API 20E test result.

“ ONPG. o-Nitrophenyl-p-r-galactopyranoside.

and H,S production from GCF (gelatin-cysteine-thiosulfate)
were prepared as described previously (8, 29).

DNA relatedness analysis. DNA-DNA hybridization was
conducted in duplicate by using the batch hydroxyapatite
thermal elution procedure (2, 3). DNA from the definition
strain for DNA group 9 acromonads (CDC 0787-80" was nick
translated with **P (NEK-004; Dupont, NEN Research
Products, Bostorn, Mass.) and reacted with unlabeled DNA
from the other eight phenotypically similar strains as well as
reference strains for the other A. sobria groups at both the
optimal reassociation temperature of 60°C and the stringent
incubation temperature at 75°C. Relatedness was expressed
as the relative binding ratio and as the divergence in the
melting temperature (Table 3). The relative binding ratio was
calculated as a percentage to enible determination of simi-
lanty between strains. Relative binding ratio values of 70%
(for reactions at 60°C) and 55% (fc« reactions at 75°C) were
considered to be the cutoff values for DNA relatedness. A
divergence in melting temperature of 5°C was considered the
cutoff value for DNA relatedress.

Control reactions, in which labeled DNA was incubated in
the absence of unlabeled DNA, were included, and the
label-only control values were subtracted for all reactions
before the relative binding ratio was calculated.

Antimicrobial susceptibility. MICs were determined for 17
antimicrobial agents in a 96-well microdilution plate (Micro-
Scan Gram Negative Panel 7; Baxter Healthcare Corp.,
MicroScan Division, West Sacramento, Calif.). Panels were
inoculated according to the instructions of the manufacturer
and incubated for 24 h at 36°C. After incubation, the MIC for
each strain against each antimicrobial agent was determined
and recorded both manually and with an AutoScan-4 reader,
with computer-assisted analysis done by an IBM PS/2 model
60 computer, which provided interpretations in accordance
with guidelines of the National Committee for Clinical Lab-
oratory Standards (24, 25). In adaition to the 17 antimicro-
bial agents listed in Table 4, the panel also tested for a
*‘growth’ or ‘‘no growth' response against a single dilution
of colistin of 4 pg/ml.

RESULTS AND DISCUSSION

DNA bybridization results. By DNA hybridization (Table
3), all eight strain® of esculin-, sucrose-, and cellobiose-
negative A. jandaei v ere closely related to the DNA group 9
definition strain CDC 0787-80 (ATCC 49568") under both the
optimal and stringent conditions. The type strain ATCC
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TABLE 3. DNA relatedness of the type strain of A. jandaei to
other strains of A. jandaei and other strains of Aeromonas
and m2mbers of the family Vibrionaceae

% Relatedness to labeled
DNA of A. jandaei ATCC

Source of unlabeled DNA 495687
60°C dT,,° 15°C

A. janda.i (DNA group 9)
CDC (787-80 (ATCC 495687) 100 0 100
CDC 1530-81 85 2.0 76
CDC 1531-81 (AS 171) 86 2.7 75
CDC 1081-81 (AS 167) 84 2.3 80
NMRI-6 83 35 77
WRII/4658 80 34 78
AS-14 73 2.0 68
AS-206 83 2.6 77
AS-235 82 2.8 76

A. sobria (DNA group 7) 53 1.7 32
CDC 9538-76 (CIP 74337)

A. veronii biogroup sobria

(DNA group 8)

CDC 9080-79 (ATCC 9071) 54 5.3 38
CDfZ 0437-84 72 7.9 46

A. veronii biogroup veronii 58 5.7 40
(DNA group 10) CDC 1149-83
(ATCC 35624™)

A. hydrophila (DNA group 1) 51 9.8 ND¢
CDC 9079-79 (ATCC 79667)*

A. salmonicida subsp. salmonicida 47 11.3 ND
(DNA group 3) CDC 9701-84
(ATCC 33658T)"

A. caviaelpunctaro (DNA group 4) 39 10.3 ND
CDC %083-79 (ATCC 154687y*

A. media (DNA group 5b) 40 10.9 ND
CDC 9072-83 (ATCC 339077)

A. eucrenophila (DNA group 6) 47 11.0 ND
CDC 0859-83 (ATCC 23309T)*

A. schubertii (DNA group 12) 35 12.6 ND
CDC 2446-81 (ATCC 437007)*

Vibrio cholerae CDC 9060-79 3 ND ND

?dT,,, Difference in melting temperature between each homologous and
heterologous DNA complex.

® Data from Fanning et al. (7), with permission of thy authors.

¢ ND, Not determined.

49568 was sufficiently distant from the other established A.
sobria-like reference strains A. sobria® and A. veronii (A.
veronii biogroups sobria and veronii) to reinforce the validity
of DNA group 9 as originally proposed by Fanning et al. (7).
Their original data for DNA hybridization between CDC
0787-80 and previously established Aeromonas species are
presented in Table 3.

Designation of A. jandaei. We propose the name A. jandaei
for the nine strains listed in Table 1. The species name
(pronounced jan.dae'i) sp. nov., is derived from the surname
of J. Michael Janda, an American microbiologist who has
contributed greatly to our knowledge of Aeromonas species,
in particular, their biotypes and clinical significance and the
relative pathogenicities of mesophilic members (11-16). The
species name is treated as a modern (neo) Latin genitive
noun and was derived after consultation with T. O. Mac-
Adoo, Virginia Polytechnic Institute and State University,
Blacksburg. The ending **ei’* is appropriate for a male name
ending in the vowel *'a’* and has been proposed and ac-
cepted as such in the latest revision of Appendix 9, Orthog-
raphy, of the International Code of Nomenclature of Bacte-
ria (21, 22).

J. CLIN. MicrosioL.

TABLE 4. In vitro susceptibilities of nine A. junduei isolates to
17 antimicrobial agents

MIC (pg/ml)®
Antimicrobial agent
Range 50% 9%

Amikacin 4-8 4.(S) 8 (S)
Ampicillin =16 =16 (R) 216 (R)
Cefazolin 4-=16 =16 (R) =16 (R)
Cefoxitin =24 =2(S) 4(S)
Ceftazidime =24 =2(S) <2(S)
Ceftriaxone =4 =4 (S) =4 (S)
Cefuroxime =2-8 <2(S) 4(S)
Cephalothis, =8-=16 =16 (R) =16 (R)
Ciprofloxacin =1 =1(S) =1(S)
Gentamicin =1-2 2(S) 2(S)
Imipenem 2-=8 =8 (R) =8 (R)
Piperacillin =64 =64 (R) =64 (R)
Tetracycline =4 =4(S) =4 (S)
Ticarcillin-K clavulanate  <8-64 16 (S) 64 (MS)
Ticarcillin 32-=64 =64 (R) =64 (R)
Tobramycin =1-2 =<1(S) 2(S)
Trimethoprim- =0.5/9.5 =0.5/9.5(S) =0.59.5(S)

sulfamethoxazole

“ 50% and 907, MIC for 50 and 90% of isolates, respectively; S, R, and MS,
susceptible, resistant, and moderately susceptible, respectively, based on
guideline M100-2S of the National Committee for Clinical Laboratory Stan-
dards (25).

The type strain of the species is designated ATCC 49568
(CDC 0787-80), with a complete description of the species
given in Tables 2 and 5. The unique profile of A. jandoei is as
follows: negative esculin hydrolysis, negative fermentation
of sucrose and cellobiose, and resistance to a specific
diiution of colistin (4 pg/ml). In previous taxonomic work in
1984, Turnbull et al. (28) noted the presence of a small
asaccharolytic group of acromonads that were sucrose and
esculin negative, and even earlier work in 1981 on antimi-
crobial susceptibility by Richardson et al. (27) established
the nearly universal susceptibility of most Aeromonas spe-
cies to colistin,

A. jandaeiresides in the genus Aeromonas because it is an
oxidase-positive, glucose-fermenting, motile gram-negative
rod that is resistant to 0/129, is string test negative, reduces
nitrate to nitrite, and does not require NaCl for growth. It is
nearly uniformly resistant to ampicillin, cefazolin, cephalc-
thin, imipenem, piperacillin, and ticarcillin (Table 4).

Presumptive identification. Rapid identification with the
APl 20E strip and data base yields an identification of
“Aeromonas hydrophila complex’ with an identificaticn
level of *‘very good'’ to **excelient,” but with the comment
that the negative reaction for sucrose fermentation is con-
sidered atypical for their data base. Tke four different profile
numbers generated for the nine strains in this study were
7247144, 7247104, 7246144, and 7247145. Additional ore-
sumptive markers for A. jandaei were a positive Voges-
Proskauer reaction (899%), positive H,S productior from
GCF (89%%), resistance to cephalothin (785%), and utilization
of ascorbate (67%).

Clinical significance of A. jandari strains. A Jandaei was
isolated from specimens of diverse geographic origins, in-
cluding wounds, blood, stools, and a prawn (Table 1). The
isolation of these strains, excluding the environmental prawn
isolate, suggests that there is a possible clinical significance
for this species, and four case studies are given below with
references for those that have been published previously.

(1) Cuse 1, blood (isolate AS-14) (12). The patient was a
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TABLE 5. Differentidtion of A, jandaei from other Aeromonas species

A. veronii biogroup

Characteristic A. jandaei b
sobria

A. veronii biogroup

& A. hydrophila A. caviae
veronii

A. schubertii

Esculin hydrolysis =t -

Acid from:
Sucrose - +
Arabinose
Cellobiose
Salicin

Elastase pyoduction

Resistance to cephalothin

Resistance to colistin”

Gas produ stion from glucose

Voges-Proskauer

Lysine decarboxylase

Arginine dihiydrolase

Indole production

Mannitol production

H,S from modified GCF

Hemolysis on sheep blood

1
1<

[N
1
n

R R R
o,

+ 4+ 4+ ++++

+

+¢ - +

L+ + 1+
(N A
++ < g+
+ 1 ++++

18
|
o
<
4
1
o

I ++ <1
+++ 1)

LY
1
L9
LY
|

+H+ L+
A+ A+t

+

“ Formerly A. sobria.

b —, Negative, i.c., positive for =30% of isolates.
© +, Positive for 270% of isolates.

4 Data from Carnahan et al. (4).

¢ Variable, positive for 31 to 69% of isolates.

/4 ug/ml (MicroScan Gram Negative Panel 7).

71-year-old male with adult-onset diabetes mellitis. Five
months prior to this admission he had been diagnosed as
having multiple myeloma and had been treated for this
condition with combinations of vincristine, cytoxan, and
prednisone. During the couise of his chemotherapy his
leukocyte count had fallen to 1,900 and he had had several
septic episodes with Enterococcus faecalis and Escherichia
coli. In August 1981 he presented to the emergency room
with acute mental deterioration and a fever of 102°F (39°C);
laboratory findings included a leukocyte count of 1,300, an
hematocrit of 22, and a blood pressure of 150/60. The
impression on admission was gram-negative sepsis. Blood
cultures drawn on two separate occasions yielded Aeromo-
nas species. The patient was treated with cephalothin and
tobramycin but became lethargic, tachypneic, and hypoten-
sive and died 7 duys after admission.

(ii) Case 2, wound (isolate WRIL/4658) (17). A 10-year-old
male who swam in a freshwater pond after an injurv had
been inflicted below the left eye presented at a hospital
emergency room for cellulitis of the left lacrim | sac. Sub-
sequent cultures revealed both A. veronii biogroup veronii
and A. jandaei. Surgery and treatment with cefotaxime and
trimethe prim-sulfamethoxazole resulted in a complete re-
covery.

(iii) Case 3, wound (isolate WNMRI-6) (18). Briefly. case 3
was a U.S. Navy diver who had an infection caused simul-
taneously by two different species of Aeromonras (A. hydro-
phila and A. jandaei). The infection was of the soft tissue of
the leg and was secondary to a puncture wound sustained
dunng diver training operations in the Anacostia River near
Washinzton, D.C.

(iv} Case 4, blecod (isolate AS-235) (12). Case 4 was a
96-year-old male who had been diagnosed as having acute
mvelogenors leukemia 3 years previously by bone marrow
bionsy. He bhad received no chemotherapy but had been
transfused with erythrocytes and platelets periodically for
episodis of epistaxis. In July 1984 he presented to the
hematology clinic with a 1-day history of shaking. chills, and
fever to 101°F (38°C). Labkoeratory findings included a leuko-

cyte count of 3,200, a platelet count of 25,000, and a
hemoglobin level of 7.9%. Blood cuitures were drawn be-
cause of the apparent septic episode and revealed Aeromo-
nas species. The potient was treated with tobramycin and
cefamandole for 16 days with no recurrence of fever and was
discharged 3 weeks after admission.

The motile aeromonads represent a diverse group of
potentially pathogenic organisms whose taxonomy has
clearly been in a constant state of flux. An explanation ot the
mode of pathogenesis, particularly in relation to gastroen-
teritis, awaits cither the development of a successful animal
model or the completion of a successful human volunteer
trial.

Nonetheless, the species of A. hvdrophila, A. veronii (A.
veronii bicgroups veronii and sobria), A. schubertii, and
ever 1. caviae have been delineated as distinct phenotypic
species to be considered by clinical microbiologists. Some
investigators have suggested in the literature an association
between a particnlar taxonomic species and specific disease
syndromes, i.c., the significance of A. verovnii biogroup
sobria in bacteremia, A. schubenii in traumatic wound
infecticas, and A. caviae in ceses of pediatric gastroenteritis
(5, 12, 23).

In this report we described the phenotypic and genotypic
distinction of a previously rare DNA group of acromonads
and proposed A. jandaei sp. nov. based on these nine
strains. This new species appears to have important clinical
significance and warrants identification by c'inical microbi-
ologists and further investigation by infectic 1s disease re-
searchers. Only by accurate and complete biotyping of
clinical aeromo-.ad isolates can we achieve an understanding
of the ecology, epidemiology, ard pathogenesis of these
enigmatic aquatic nucroorganisms.
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Molecular Studies on the Aerolysin Gene of Aeromonas Species and Discovery of

a Species-Specific Probe for Aeromonas trota Species Nova
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A large group of acromonads and other enteric microorganisms were assayed for the presence
of the acrolysin gene with use of DNA-DNA hybridization. Two DNA fragments corresponding
to the regulatory region (2erC) and the structural gene (aerA) were used as probes for the detee-
tion of the acrolysin gene in these strains. Sequences corresponding to the aerolysin structural
gene were widespread among Aeromonas isolates. In contrast, the aerC probe was much more
selective, and sequences corresponding to the aerC region were detected in only a small subset of
strains, Concurrent studies using numerical taxonomy and DNA hybridization with the aerC
probe on a larger set of strains led to the identification of a distinc: cluster of 14 presumed
atypical Aeromonas sobria strains. These strains have recently been grouped into a new species
designated Aeromonas trota. Henee, the DNA fragment aerC used in the study is a species-speci-
fic gene probe for 4. trota. The ability of the aerC probe to detect strains belonging to a single
species suggests that there is selection pressure 1o maintain the clonality of this species. These
results have important implications with respeet to the evolution of **pathogenic profiles™ among

these medically important bacteria.

Acromonads are gram-ncegative bacteria that are ubiqui-
tous, autochthonous residents of marine, estuarine, and fresh
water environments [ 1, 2], While derononas organisms are
clearly recognized as causative agents of wound and extrain-
testinal iniections [3], there has been insuflicient informa-
tion, such as that obtained from a reliable animal model,
studies of documented outbreaks, or successtul trials with
volunt 2rs. that clearly establishes them as causative agents
of enterointestinal disease. However, swe have recently re-
ported a well-documented single case of a laboratory worker
infected with a distinet strain of Acromonas {4] that repre-
sents the first case in proof o acromonas ctiology in intes-
tinal disease.

Thereare currently 10 accepted or propesed phenospecies
ot deromonas [4~10] that are among at least 12 hvbridization
groups [T} The often-contradictory information obtained
from worldwide studics of Aeromonas organisms may be the
result of inaccurate identification of most isolated acromo-
nads: this oceurrence has led to contusion in the assignment
of strains to established species and/or groups. thus making
evitluauon ol pathogenesis and virulenee rather inconclu-
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sive. Attempts to characterize the virulence features of Aero-
monas organisms have likewise been somewhat ambiguous.
While deromonas hydrophila and Aeromonas veronii biovar
sobria are gencerally regarded as more virulent than Acro-
monas caviae |3, 12], there have been no specitic characteris-
tics other than hemolysin activity and/or production of en-
terotoxin that seemingly account for this difference [ 13-18].

We had previously used marker exchange mutagenesis to
derive mutants of Aeromonas sobria straink AH2 that were
deficientin the acrolvsin gene. With use of a mouse intection
model. it was demonstrated that acrolysin is required for
both the initiation and the maintenance of a septicemic in-
fection [19]. The cloning and entire nucleotide sequence of
the acralysin gene trom the clinical isolate of A, sobria strain
AH2 (now classified as Acromonas trota) has been reported
(4. 20, 21]. Two regions (denoted gerC and aerB and located
upstream and downstream, respectively. from the aerA gene)
were found to offect the production of acrolvsin, The aerC
regton was specifically shown to contain two divergent non-
overlapping promoters and elements required for the regula-
tion of acrolysin production {21

With the availability of these recombinants and the inde-
pendent cloning and sequencing of the acrolysin gene from
A hvdrophila strain AhGS and AL ot strain AH2 [20, 22].
we have begun to use diflerent probes derived from strongly
conserved and divergent regions between the two cloned se-
quences for exammation of the prevadence of acrolysin in a
wrge variety of Aerononas isolates that originated from both
clinical and environmental sourees. In our first studies with
strains originating from The Netherlands, we found that
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while the aerA gene was present in nearly all of the strains
probed, none of the strains harbored sequences homologous
10 the aerC region [23].

This study was done initially with use of a well-defined set
of strains that had been previously identified according to
species, source of isolation, and virulence potential in a
mouse infection model [12]. Our results showed that se-
quences corresponding to the structural gene aerA were re-
stricted to the genus Aeromonas and were present in every
aeromonad tested in this collection. Furthermore, we discov-
ered two strains that hybridized with the aerC gene probe.
which contains sequences involved in the regulation of acro-
lysin [21]. Subsequent analysis led to the discovery of addi-

tional strains that hybridized with this gene probe. All of

these strains were found to cluster phenotypically and geno-
typically and were distinct from all other existing phenospe-
cies and genospecies presently recognized and have been re-
cently designated A. rrota [4].

Materials and Methods

Bacterial strains.  The strains used in this study (table 1)
were stored at —70°C in trypticase soy broth with 10% glyc-
erol (Remel. Lenexa, KS) and subsequently subcultured on
trypticase soy agar plates (B Microbiology Systems. Cock-
eysville. MD) at 36°C # 1°C. Single colonies from these
plates were restreaked on a second trypticase soy agar plate,
incubated at 36°C + 1°C for 18-24 hours. and used subse-
quently for analysis. These strains represented several spe-
cies of Aeronmonas, including the newly proposed species Aer-
omonas jandaei and A. trota [4, 7). The diverse geographic
distribution and sources of isolation of the strains are listed
in table 1.

Phenotvpic analyvsis,
merous phenotypic characteristics, including morphological,
biochemical, physiological, and tolerance traits. as previ-
ously described [24]). The phenotypic traits listed in tabie 2
represent a smaller subset of well-discriminating characteris-
ties that differentiate A. trota from other closely related Aero-

The strains were examined for nu-

NoNds Species.

Strains for probe analysis. The fourteen A trota strains in
addition to other Aeromonas strains described in table 1 com-
prised a group of 52 acromonads. which were analyzed for
the presence of aerolysin with use of the aerA and aerC
probes.

Purification of DNA. Whole cell DNA was isolated by
the method of Pricter [25]. The plasmid pHPC 3-1, from
which the two probes were derived. has been previously de-
scribed [20]. The DNA probes that were used are depicted in
figure 1. The restriction fragments for the preparation of the
probe were puritied from vector sequences on an agarose gel
as deseribed previously 23]

Bot blot and Southern blor hvbridization.
prepared for dot blot hybridization as previoushy described

Samples were

CID 199214 (May)

[23]. We found this method to be superior to colony hybrid-
ization since many of the Aeromonas strains lysed poorly in
situ on nylon strips. Chromosomal DNAs from a laboratory
isolate of Escherichia coli strain SK and A. rrota strain AB3
served as negative and positive controls, respectively, for
cach filter (Gene Screen Plus, DuPont, Wilmingtor, DI2).

For Southern blot hyvbridizations, 3 ug of the DNA was
digested with the appropriate restriction endonuclease, elec-
trophoresed on 0.7 agatose gels with use of TPLE bufler,
transterred to nvlon sheets {Biodyne B, Pall) by the alkaline
transfer method, and processed further with use of the manu-
facturer's protocol. After prehybridization (30 md Tnis, pH
7.5 10 mM EDTA: 1A NaCl 10X Denhardt's; 0.1 mg of
herring sperm DNA/mL: 0.1 sodiumy pyrophosphater 1
SDS). the hybridization was performed at 60°C overnight.
The tilters were wished twice (0.2 standard saline citrate:
1% SDS: 0.1% sodium pyrophospiate) at 60°C for 30 min-
utes (high stringeney conditions). The low stringency condi-
tions were hybridization at 42°C overnight tollowed by two
1o three washes tor 30 ninutes at 42°C (2% standard saline
citrate: 194 SDS; 0,19 sodium pyrophosphate). The wet filters
were exposed to Fuji RX tilms (Fuji. Tokyo) for [2-48 hours
with intensifving screens.

DNA probes were labeled with [“PJATP by the random
priming tecknigue of Feinberg and Vogelstein [26].

Results

Characteristics of the DNA probes. The DNA probes used
for the detection of the acrolysin gene and the 3 regulatory
elements were isolated and purified as described under Mate-
rials and Methods. On the basis of the known nucleotide
sequence from two independent acrolysin genes [21. 22} the
following two gene probes were generated. The probe desig-
nated as 1 isa 394-base pair (hp) P Eragment covering the
acrC region from A trote strain AH2 and the homology
between the two sequences of the aerolysin gene s only 46°;
on the other hand, the piobe designated as 2 s 6 nterna
337-bp BamIN-KApa | fragment o reston where the homol-
opy between the twosequencesis highestat 8141 he regions
covered by the respective probes are depicted in figure 1. ftis
apparent from these data that acrolysin may be arelatively
heterogenous family of eytotovie hemolysins presentn Aero-
MONAs Species.

Studies of dor blor inyvbreedczanon sl acrolysin-specific
probes. Tor rapad detenmmnation of the presence of homolo-
pous sequences o the actalvsin gene i a collection of ero-
monas strains, we performed a dot blot hybrnidization assay
using hoth DNA probes In il studies usimg a colony
hvbridization assav, we tound that many streans of Aero-
moneas pave weak and diffuse signals when either pene probe
was used {23] This occurrence appeared to be due o part to
a potent DPNase that i produced by virtwdly all solates of

Aeromones, regardless of species or source of isolation. The
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Table 1. Characterization and DNA probe analysis of Aeromonas strains studied.

DNA probe used

Souree off Geographic A-Hemolvtic

Stramn Phenospecies molation source activiy® aer(C aerA
AH2 A 1ot Feces India 4 t +
ARY 4 trota eces Not applicable + + +
A7 A trota Feces Bangladesh + + +
AS 4 trot Feces Bangladesh 1 + +
A9 1. trot Feces Bangladesh + + +
All A. trota Feces Bangladesh + + +
Alo 1 troa Feces Bangladesh + + +
ASOH A drota Feces Ihinland + + +
AN3T0 A ot Appendin Cahforma + + +
NARIT 206 A, trota Feces Indonesta + + +
NAMRI 208 A. trota Human diver Virginia + + +
hRRY A ot Feees Indonesia + + +
274 A trota Feces Indonesia + (weik) + +
AMOSI3Y A treta Feces Manfand + + +
ASTHATCC 49569) A pandact Blood New York + (weik) - +
NMRIO(ATCC 49371 A puandact Waound Washington. D.C + - +
WRIHOIX (A TCC 49570) A4 jandact Wound Washington, D.C. + (weak) - +
ASTOT (CDC HORT-81) A qanduer Prawn Hawan + - +
ASTTHCDC IS8T ATCC 49572) A qanduact Feces Georgia + - +
AS200 A jandaa Feces New York + - +
AS233 A jandac Blood New York + - +
Muldoon A sobriu ieees Manland - - +
AS202 A veronn

biovar

sobria Rectal hiopay New York ND - +
NMRILT A Invdropinta Leg wound \Wa hington, D.C. + - +
NMRI 16 A hivdrophila River water Wishington, D.C. + - +
NMRI S6 A hvdropinla River water United States + - +
NAIRE 203 A hvdrophida Feces United States + - +
NMRI 204 A Indroplula Feces United States + - +
1 206 A hvdroplila Feces T he Sudan + - +
AMC2082 A vdropinda Feces Maryvtand + - +
NAMRIL 2 A caviae River water Washington, D.C. + - +
NMRI T30 A caviae Foot wound United States - - +
NMRI 209 A caviae Feees United States + - +
NMRI 214 A veronu Sputum United States ND - +

brosar

sobra

NOT These tpe strams and DNA detinton group strans were positive for aer A only - dropheda sttains ATCC 79667 (DNA group ). CDC
QS3-T0O (DNA group 2hand CHC 043383 (DN A proup 3y deromonas salmomcida stan ATCC 33105K! (DNA proup 3y 4 canvtae strams ATCC FS40R!
EDONA group ) CDC 0X62-K1DNA rroup SV and CDO 043584 (DN A proup SH) teromonasy media sttan A TCC 339071 (DNA group SB): Acromonay
ctoorcnopiifa st NCMB T3 (CDHC 085958 (DN A pronp ) 1 sobia st CIP TH33T (DN A group Ty veroms biovar sobriastram CHDC 0437-84 (DNA
sroup RN e hovar sobri steam A TCC 90T D0 S080-TY DN A Lroup R ) pandaer stram A TCC 9308 (CDC DTRT-R0) (DNA group 9). 4
verente brovar seronn AFCC 33623 (CDC 116951 (DNA proap FO) Acromenay species ornithine-positine CHDE FN6-K1 (DN A croup Ly Aeromonas
sehehorn stean ATCC 137007 (N vroup 120 and derenenas proup SOTATCC 3006 (C DO 247K-85)

T Deermmed o i picase sos arat with 2% horse envithiocstes ND ot determined

"l aod resstant mutant of 1 g stenn A 120

results obtaned with the fiest collecton of strains 1solated in monas (including o colis Siugella dvsenteriae, Salmonella -

the Umited States, Australia, and Indonesia are depicted in phonriam, Yersinia species, Vibrio cholerae serogroup 0:1,
figure Lo While most of the Aderomonay stinns that were Vibrio fluvialis, Vibrio chiolerae non=scrogroup O:1, Bacitluy

tested hybndized strongly with the gene probe froim withig species. Lasterta monocytogenes, and Enterococcus fuccalis)

the structural gene. only two strains (NMRT 206 and NMRI
208) of the 40 tested showed the presence of homologous
sequences o the aerC pene probe denved trom A, grota strain
AN We tound that strains unrelated to the genus Aero-

did not hybridize with either probe under the conditions
used. thas demonstrating the specitianty of the probe for the
genus Aeromonas The data obined suggested thin while
the structural gene for aerolysin s present in many Aero-
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Table 2. Distinguishing characteristics of A. trota in comparison with other Aeromonas species.

A caviae

A hvdrophila

A veroni A veronii

A. qandaei biovar sobrnia biovar veronii A. schubertii

Charactenstie A trora (DNA group 1) (DNA group 4)  (DNA group 9) (DNA group 8)  (DNA group 10)  (DNA group 12)
Hydrolszes esculin - +! 4+ - ~ + -
Produces acetsImethy learbinol
from glucose? - + - + + + A
Add trom
Cellobiose + - AY - - + -
NManmitol + + + + + + -
Sucrose - + + - + + -
Onidates gluconate + - + + ND -
Suscepubibits o
Ampscillin (10 pg) st R! R R R R R
Cephalothin (30 ug) S R R R S ) S
Colinuin® (4 ug,/ml.) S \Y S R S h S
Carbemalhin (100 pg) S R R R R R R
Produces gas from glucose + + - + + + -
— - p— —_— v' -

Produces ormithine decarboxy lase

NOTE. All species were onidase-positiv e, glucose-fermenting, gramenegative rods that were resistant to vibriostatic agent (0/129) (1 50 pg/ml). reduced
mitrate, were motile at 36°C, and did not grow in the presence of 6,8 NaCL Table adapted from [4]. V' = vanable: ND = not determined.

* Negative reaction alter approprate mcubation period (e postive = 3.
t Positive reaction after approprate incubation peniod (e positive 2700 ).

PV oges-Proskauer test.
¥ Suseeptible by Kirbs-Bauer method
" Resistant by Kirby-Bauer method.

*§ = susceptible to singie MIC dilution of & gg/ml.with use of the MicroScan gram-negative Combao Panel (Baxter Healtheare, MicroScan Division, West

Saocramento, CAY R = resistant to single MIC dituton of 4 up/ml.

mouas strains, there is considerable diversity in sequences in
the aerC region of the various strains.

Phenotypic characterization of strains Iivhridizing with the
acrC gene probe. In concurrent systematic studics using nu-
merical taxonomy. we discovered that all of the three Aero-
monas strains detected in this study formed accluster with siy
other strains (A7, AB. A9, ATL AT6, and AMCS439) that
was distinet from those of all other major phenospecies.
These presumed ats pical AL veroadi biovar sobriz strains were
distinguishable trom other phenetic clusters based on the re-
actions for esculin hvdrolysis, Voges-Proskauer. sucrose fer-
mentation. and susceptibility to ampicillin [4).

Further screening of Aeremonas strains with use of both
dot blot hvbridization and numerical taxonomy led to the
discovery of four similar. atypical 4 veronic biovar sebria
strains (5258, 5274, AS66. and AS370) and three further
identitymy characteristios: fermentation o/ cellobiose, inabil-
iy o oxidize gluconate, and susceptibility o carbenieillin
(table 2. Detimtive identfication of this cluster was accom-
phished by anely - of total chromosamal DNA against all
known detimtion strains soith use of DNA-DNA hyvbridiza-
tion. The proposed name of this group is 1 reta speeies
nova [4].

Analvsis ) Acromonas stramns by eans of Southern blot
Ivbradizaion with the acrC and acrot probes Since sey cral
of the strains identified as oA frota had been classitied only on
the basts o numerical tixonomic studies, we wondered how

eflicacious the aerC gene probe might be in the detection of
bona fide A. trota strains. In addition, we also examined the
reference strains comprising all known genospecies for the
presence of homologaus sequences to aerC Chromosomal
DNA from all of the A rrora strains was isolated. digested
with the restriction endonuclease Sy L subjected to agarose
pel clectrophoresis. blotted onto nyvlon-based tilters, and
probed tor homologous sequences to the aerC gene probe.
For every single strain of A rota tested, i d-Kilobase (kb)
hybridizing fragment was obsersed: for strainy 5274 and
AMC3439, however, habridization of the aerC gene probe
with S.1-Rband 3.9-kb Sy ] ragments, respectisels, was ob-
served (figure 2) In contrast, no hybndization with chromo-
comal DNA was obsenved tor any ot the other reference
strains of pon-rrota penospecies of” Aeromonas (deta not
shown), Hence, the aerC fragment used in this studs s
speciessspecitic probe sor A rrota.

We have presioushy commented upon the diverse patterns
of restriction fragments seen when hybridization with probes
encompassing different regrons of the acrolysin gene was per-
formed [23). In another seres of expenmments, we used the
acrA pene probe to observe the sizes ol the hvbndizing frag-
ments in Sy 1 digests of chromosomal DNA from the difter-
ent aboyve-mentioned Aeromonas strams. A L2-Kb Sl rag-
ment was found o hvbndize with the probe in all strains
exeept 2740 AL NMRIE 206, and AMCSA39, which
showed 5 1-kb, 1.0-kbo 15-Kb,and 5.9-kb hybridizing frag-
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Figure 1. Jop overview of the region contaming the acrolysin
gene (aerA ) andats regulitony region (werC )y the artows represent
the respective promoters |21 The selected probes are shown and
designated as probe and 22 DNA wasdenved trom straims isolated
m the Uhited States, Austrahia, and Indonesia. P Pal B
BamBHand K- Apn L Bonom, Autoradiographs of radiofabeled
DNA proves hybridized sith undigested genomie DNAS from dif-
ferent Aeromonay strains that were spotted onto nston filters Posi-
tve controls L rrota st AB3 1n spots AL and GT0onegative
controb B colistram SR spots AT BOCS DY B2 and G
Phe strm i spot BE was aoweakly reacting (#4) A4 sobria. NMR
206 and NMRT 208 a0 spors B and B2 respectivels, were later
wWdenutied as A oz after this inttial sereening

ments. respectivels (figure 3). In contrast. hvbridization with
the aer A gene probe of 1 rrota strain AB3 was obsenved only
under less sinngent conditions of hybridization (see Mate-
rals and Methodsy tor the chromosomal DNA from the
other reterence strams ol Aeromonas. Diverse restriction frag-

- .*-..O

Figure 2. Southern blot hnbidization protile of genomic DN A
trom . drona strams with use of thie gerC probe Fanes 10 ABY Y.
AH2D 3032740 40 A7) 5 A9 00 AL 70 ATe, KONMRIE 208 9,
NMRI 206, and 10, ANCSA39 The anow indicates the $-kh S
DNA fragment of strin AB3, trom which the probe was derived
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Figure 3. Southern blot hybridization profile of genomic DNAs
from oA trom strains with use of the aerA probe (see figure 2 for
wdentitication of lanes). The arrow indicates the 1.2-kb DNA frag-
ment of strain ARB3.

ment length polvmorphisms were observed tor these strains;
the fragment lengths of DNA ranged from 0.7 to 15 kb (fig-
ure 4). These data provide turther evidenee for the genetic
homageneity of the species now defined as A. ot The cu-
mulative data with respect to hybridization with both probes,
hemolytic activity. and source ol isolation of all striins stud-
ted here are presented in table 1.

1 234567 89101 1213 14 1516 17 18

s ..- - o 12

Figure 4. Southern blot hybnidization profile of the aa A probe
with Sy I-digested genomi DNA ol ather deromonas gencpecies.
[anes: 1, A Ivdrophdu stran CDC YNTY-T9 (DN A group 1y 204
Ivdrophila strain CDC 933376 (DNA sroup 2y 3t Ivdroplula
st CDCOAXERS (DNA group 30 40 0 salmionicida strain
ATCC RISK(DNA group 3y 500 caviae stian CDC 9DS 379
(DNA eroup 3. 00 conviae stram CDCOKO2-XT (DN A proup SA);
T4 caviae stan CDC OI38 (DNA wroup SBy SO media
stram CDC 907 2K (DN A stonp SRy 90 ctcrenophila strn
CDODSSYRI DN proup 61 1001 sobra sitam CDC 933876
(DNA group 7h 14 voromn biovar sobna stram € DC 0337284
(DNA proup 83120 vcronn brovar sobr stram CDC YG80-79
(DNA group 8Y), L300 jandacs stram CDC OTST-80 (DNA group
Dy P verona brovar seronn stran CDC FTOY-83 (DN A group
TS daomenay entenc stoup 770 DO ) 300083 (eroup 11 1o,
U schubert st CDC 206K (DNA gioup 123 174 jandav
stram CDC IS WS and PSC L prota stram AH2 ATCC J9as7)
The size (m Kby ot the restiicnon ftaoment ot 1 pota stenn AH2 s
ndicated
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Discussion

The main tinding of this study s that all strains hybridiz-
ing with the aerC probe of A sobria (A, treta) strain Al
cluster biochemically and form a distinet phenetic group that
we initially designated as ats pical A4 sobria strains, This clus-
ter was confirmed by whole cell DNA-DNA hybridization.
which established these organisms as a distinet species for
which the name A rrota species nova is now proposed [4]. A
summary of' the distinguishing features of this new species is
listed in table 2. The correlation between phenotype and
hy bridization with the verC probe was uneypected and sug-
gests that some kind of sclection pressure operates (o main-
tain the clonal nature of this species.

Strains belonging to A, frofa species nova have primanly
been isolated thus far from southern and Southeast Asiand
have been assoctated predominately with cises of gastrointess
tinal disorders (table 1), A comparisan of published se-
quences of two derolvan genes cloned from ot rota stram
AB3 (table by and oL hvdrophile strain AheS showed that
these genes have diverged widelv. Indeed. the overall homaol-
opy of 77% of the nucleotide sequence of the werA gene i
lower than the homology of 79 observed. tor example, be-
tween the sequences of cholera tovin gene (ciaB)y and the
heat-labile toxin gene (¢fiB) of enterotonigenic £ coli {27].
Within the aerolvsin gene. sequences encoding the N ternu-
nal halt of the molecule are Tess well conserved than those
encoding the € terminus (73% s 819) The major differ-
ences are contined o the 8 control region of the acrolysin
structural gene. This region show da homology ofonly 467
despite consersation ofthe A 4 1 nichnessand ol the approvi-
mately stmilar length between buth sequences. Henee. dit-
fering levels of hemolstic activity seen with wild-ty pe olates

ol Acrononay may simply retlect ditferences in expression of

the gene.
Southern blot hvbndizatnon of chromosomal DNA 1so-
Fated trom A ot with use of the aer€ probe revealed averns

homogenous pattern of vhridizing tragments, resardless of

the restriction endonuclease used (figure 23 (authors unpub-
lished results), There wies no correlation between the difler-
enthvhndizimg fragments seen and the hemolvtic phenots pe
for the vanous Ao ot stians exeept stran 32740 which ey-
hibsts a weah hemaolstic phenotype. Further danalysis with
Southern blot hvbndization using Sundx-digested genomie
DNA has mdicated alteratons inshe aerCand aerA regrons
of this stean, an oceurience that mas be responsible tor the
weaker bemolvue phenots pe (anthors iwnpublished resulis).

Fhe extrenme speatiaty of the wer € probe dar L drota
strans was unespected I he restnicted oceurrence ot homaolo-
LOUN Tegions e gert s reminiseent ol recent studies on the
senome of several strins ol Pyerdomonas aerveinosa m
which risertion elements have contributed to the orgamiza-
non of the upstream regulatony region ol the exotonin A gene
[28]. No hybridization with the aerC probe was obsenved

CID 199214 (May )

with the DNA hybridization group 7 strain (o sobria CIP
7433), the Acromonas group 501 strain ATCC 43946, or
DNA group 9 strains (. janduaci). 1Uis of interest that these
groups of strains are taxonomically close to A rroand that
similarities in the werC oregion between these strains may
have reflected common ecological habitats, Inability o fer-
ment sucrose is a marker for the species oA, o, and the
ability of striins NMRIT 206, 5274, and 5278 w utilize this
substrate suggests that these strains may be bridge organisms
to the other sucrose-positive: organisms, such as A fivdro-
phila, U veronin (biovars sobriccand veroain), and . caviae,

The aerA probe was tound to be specitic to the genus dero-
maonas and showed hybridization with all Aeromaonas isolates
that we tested. An miteresting observation wis the hybridiza-
tion of this probe with tselates belonging to the species A
cavide, which are supposediy nonhemolyvtic. This observa-
ton confirms and extends data that we have previously ob-
tained with the sume probe using a coltection of 97 striins
comprising several species from Lhe Netherlands {235, For
miny of those A1 cuvie striins as w ell as for two ol the three
A caviae strains in this study. clear 7oacs of hemolyvsis on
sheep or horse blaod agarare noted. This oceurrence implies
ihat the species AL caviae may he more heterogenceous than
has previousty been sispected. This result combined with
the finding that AL caviaeis associiated with chinical disease,
suggests that hemolysin should he further investigated as a
potential virulence fuature of this organmism [ 17, 29].

I some cives (strains Muldoon, 1206, and ANC20521)
vartable expression ot hemols tic activity, depending on the
tpe of envthroovte used i the assay. was observed. All of
these strans harbor the aerolvsin gene: theretore. this virn-
ability in hemolytic activaty s likely 1o be due to dilfering
receptor aflimties of the aerolysin molecule lor the respective
ervthrocsvte type: Formstance, Brenden and Janda [30] have
tested aerolvsis from different strains ol Aeromenas that ex-
hbited wadely different spectra of hemolvie actviy . the
divergence of sequences cncoding the acrolvsin mas be a
heterogenous fanuly of cvtolviie hemolvsins presentan the
genus Aderonmonas. | urther support for this by pothesis comes
from the observanon that hypenimmune rabbit antisera to
puriicd acrolssin from L rona strain ABY Guled 1o cross-
react with acrolyia produced by some hemoly e strams hir-
botmyg the aer A gead (data not showny,

[he pattern of hybrdization of the aerA gene probe with
chromosomal DNA digested soth a particular restniction en-
donucicase revealed  umque hvbrndizatnen patterns tor
stiins belonging 1o the other enospecies. w hile 1 treta
strains were extremels homopencous m the hyvbhndizimg frag-
ments Addimonally, homologous sequences Lo derA the
other reference strams were detected only under Towered
conditions of hvbadizaton strmgeney chigore ). thereby
stggesting dnergence of the nucleonde sequences encoding
this gene e the vanous genospecies I hese tesults e im-
portantimpheations with respect to the possiilin ol distinet
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toxins in different Acromonas strains as virulence factors for
this genus. Henee, several eytotoxic enterotoxin cross-reac-
tive (CTC) roxins may in fact be acrolysins that have
strongly diverged. thus revealing cither lack of antigenic
cross-reactivity or differences with respect to primary se-
quence. The molecular weights (49-30 kD) and isoelectric
points (range, 4.5-5.5) ol the puritied "Asao-toxin™ and
CTC evtolysin are similar to those of aerolysin, and like acro-
lysin they «re also capable of inducing fluid accumulation in
ligated rabbit ileal loops. Strong evidence for this hypothesis
comes from the finding that the sequence of the first 25
amino acids of the CTC cytolysin is identical to that of the
acrolysin produced by A, hydrophile stain Ah6S [14, 22).
Thus, ulthough the primary sequences of aerolysin produced
by different Acromonas species are considerably different,
the three properties of hemolysis. eytotoxicity. and entero-
toxicity have been conserved.

The presence of the aerolysin gene in virtually all Acro-
monas speaes suggests that the hemolytic/eytolytic activity
is a primitive trait in the genus Aeromonas and has been re-
tained in the course of evolutionary events that generated
genomic divessity of other characteristics. Alternatively, this
widespread distribution might be explained by multiple epi-
sodes ot horizontal transfer and recombination in- many
toxin-ceficient strains, However. there is no evidence to date
that suggests that the gene can be transterred by bacterio-
phage lysogenic conversion or plasmid- or transposon-me-
diated processes. The detection of allelic variant strains dif-
fering in nucleotide and amino acid sequences suggests that
the aerA pene is evolutionally old.

In conclusion, the data presented herein deseribe the con-
struction of a gene probe for strains of Aerononas species and
a speeies-specific probe for A. rrota specics nova. Qur results
point to a wide distribution of the acrolysin gene within the
genus Aeromonas. Inaddition, divergence in the primary se-
quence of both published sequences and the restriction frag-
ment length poiymorphism within the acrolysin ene deter-

minant of the definition strains suggest that a #mily of

acrolysin genes may exist 1. this genus that is similay to that
observed for Shiga toxin and the various classes of Shiga-like
toxins [31] as well as those for cholera toxin [32, 33]. Our
results suggest that a judicious choice of oligonucleotide
probes coupled together with in vitro DNA amplification
techniques may be a rapid way of revealing the scope of di-
versity of this important virulence factor in this genus.

We conclude that the aerolysin gene is unique to the genus
Aeromonas and is present in all known phenospecies. In ad-
dition, the aerC gene appears to be conserved in and re-
stricted 10a smal! subset of Acromonay strains, A. rrota. most
ol which are associated with gastrointestinal disorders.
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Elastolytic Activity Among

Aeromonas spp. Using a Modified

Bilayer Plate Assay

Jafrul A.K. Hasan, Paul Macaluso,

Amy M. Carnahan, and Sam W. Joseph

A total of 166 isolates of Aeromonas, representing diverse
geographical regions and originating from various sources,
were evaluated for the ability to produce elaswse by using a
bilayer elastin agar medium (BEAM) plate assay. The degree
of clastase activity of individual strains was roughly assessed
by measuring the clear area beneath or peripheral to the colony
and recorded as 1+, 2+, or 3+. Of the 166 aeromonads
tested, 53 (32%) were found to produce elastase, of which 26
(49%) were 3+, 27 (40% ) were 2+, and 6 (11%) were 1+,
All but one A. hydrophila (n = 45} were observed to pro-
duce vlastase (98%). One of three A. schubertii strains as

INTRODUCTION

Acromonas species are ubiquitous, waterborne mi-
croorganisms that have been implicated repeatedly
as the causative agents of clinical illness, often se-
rious, ranging from gastrointestinal and wound in-
fections to septicemia (Janda and Duffey, 1988; Jo-
sephetal., 1979; von Graevenilz and Mensch, 1968).
In compromised patients, this illness can be fatal
(Daily et al., 1981).

A number of extracellular factors associated with
bacterial virulence, such as hemolysins, proteases,

From the Department of Microbiology, University of Mary-
land, College Park, Maryland, USA.

AM. Carnahan’s present address: Anne Arundel Medical Cen-
ter, Microbiology Department, Franklin and Cathedral Streets,
Annapolis, MD 21401, USA.

Address reprint requests to Dr. S.W. Juseph, Department of
Microbiology, University of Maryland, College Park, MD
20742, USA.

Received 18 February 1991; revised and accepted 1 July
1991.

This work was presented in part at the 90th Annual Mect-
ing of the American Society for Microbiology, Anaheim, CA,
13-18 May 1990.
© 1992 Elsevier Science Publishing Co., Inc.

655 Avenue of the Americas, New York, NY 10010
0732-8893/92/$5.00

well as one isolate of Aeromonas group 501 were elustuse
positive. All 3+ elastolytic activity was associated with A.
hydrophila only. Elastase dctivity was not detected even after
prolonged incubation with A. veronii biogroup sobria (n =
26), A. caviae (n = 57). A. veronii biogroup veronii (n
4), A. media (n = 1), and A. eucrenophila (n = 1). In
addition to its value as a reliable indicaior of elastase produc-
tion for cventual use in virulence assays, we have found that
the detection of elustase using the BEAM plate serves as a
very uscful phenotypic marker for the major, clinically impor-
tant Aeromonas spp.

lecithinases, nucleases, and amylases, are produced
by Aeromonas, but their roles in the pathogenesis of
aeromonad infections require further assessment.
Recent studies involving a number of pathogenic
microorgarisms have indicated that elastase activity
(the ability to degrade the native elastin molecule)
rmay be an important virulence factor in relation to
disease-producing potential (*isu et al., 1981; Ko-
thary et al., 1984; Janda, 19€6; Morihara and Tsu-
zuki, 1977; Williams et al., 1988). Elastin is a major
structural protein of the lung and comprises a sig-
nificant proportion of other tissues, such as blood
vessei endothelium (arteries) and periodontal liga-
ment.

Clinical studies indicate that primary and second-
ary wound infections are second only to Aeromonas-
associated gastroenteritis as the most prevalent form
of aeromonad disease (Janida and Duffey, 1988). Most
aeromonad infections appear to be the result of col-
onization due to contact with polluted water follow-
ing traumatic injury. Once established, aeromonad
infection can spread throughout and penetrate deeper
into the wound site, causing an increase in severity.
Elastase from aeromonads, similar to other bacteria
and fungi (Kothary et al., 1984; Morihara and Tsu-
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zuki, 1977), may play a part in the severity of the
infection as one of the factors that can contribute to
the virulence of the microorganisms. Hsu et al. (1981)
found that elastase positive strains of A. hydrophila
produced lesions and mortality when injected into
channel catfish and concluded that motile aeromon-
ads with positive elastase activity were usually highly
virulent strains.

The determination of the role played by elastase
in any infection requires that the elastase be obtained
in a purified state so that its activity can be ascer-
tained without interference from other biochemi-
cally active substances. Before attempting purifica-
tion, the optimal conditions for detecting elastase
activity in a plate assay, as well as the optimal con-
ditions for the in vitro production of elastase, should
be determined. This report describes the deveiop-
ment of a sensitive, semiquantitative bilayer plate
assay for elastase production.

MATERIALS AND METHODS

Bacterial Strains

Of the 166 isolates, initially received as Aeromonas
spp.. used in this study, 150 were collected from
severel countries between 1985 and 1989 and origi-
nated from a wide variety of sources (Carnahan et
al., 1990). Included were 14 CDC {Centers for Dis-
ease Control) definition strains for the DNA hybri:!-
ization groups 1, 2, 3, 4, 5a, 5b, 6, 7, 8X, 9, 10, 11,
12, and Acromonas group 501 and two ATCC refer-
ence strains, A. media (ATCC 33907) and A. sobria
(ATCC 9071) [now considered A. veronii biogroup
sobria (Joseph et al., 1991)]. Also, Pseudomonas acru-
ginosa strains PA 01 and PA 103, both from human
clinical cases, were used as positive and negative
controls, respectively. All strains were stored at —70°C
in tryptic soy broth with 10% glycerol (Difco Labo-
ratories, Detroit, Ml) and subcultured to tryptic soy
agar plates (Difco) followed by overnight incubation
at 36° = 1°C prior to inoculation to clastin agar me-
dium.

Species Identification

The strains were biotyped to the species level by a
numerical taxonomy cluster analysis program,
SAS/TAXAN (SAS Institute, Cary, NC) (Carnahan
et al., 1990) based on 50 characteristics representing
biochemical, morphologic, physiologic, and anti-
microbial resistance activity. The typical acromon-
ads (n = 154) consisted of 46 A. hydrophila, 26 A.
veronii biogroup sobria [previously designated A. sob-
ria (Joseph et al., 1991)], 57 A. caviae, one A. media,
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four A. veronii biogroup veronii [previously desig-
nated A. veronii (Joseph et al., 1991)], three A. schub-
ertii, one A. eucrenvphila, four A. jandaci (Carnahan
et al., 1991a), nine A. trota (Carnahan et al., 1991b),
one ceromonas group 501, and one Aeromonas spe-
cies, enteric group 77 (ornithine +). Acromonas sobria
(CIP 7433) is listed separately in Table 1 because it
is not entirely representative of A. veronii biogroup
sobria as described previously (Joseph et al., 1991).
Atypical strains were considered as such in that at
least two or more tests were inconsisterit when com-
pared with the typical strains. There were five atyp-
ical A. hydrophila-like strains, three atypical A. caviae-
like, and three atypical A. veronii bisgroup sobria-like
(Table 1).

Media for Elastase Production

The ability ot selected strains such as P. acruginosa
(PA 01 and PA 103), A. hydrophila (ATCC 7966', NMRI
5, and NMRI 7), A veronii biogroup sobrin (ATCC
9071), and A. vaviae {ATCC 15468") to produce elas-
tase in a variety of different media was investigated
initially. The commercially available preparation of
porcine pancreatic elastase (type 1, Sigma, St. Louis,
MO) was also used as a positive control.

Brain-heart infusion agar (BHIA; Difco) and Co-
lumbia agar base (CAB; Oxoid LTD, Basingstoke,
England) containing 2.3% peptone had previously
been suggested as suitable media for elastase pro-
duction (Janda, 1986; Williams et al., 1988); there-
fore, these two media were examined as basal media
incorporated with particulate bovine neck ligament
elastin (Sigma).

Effect of Elastin Particle Sizc and
Concentration

The effect of elastin particle size on zones of clear-
ance in the agar was ascertained by comparing plates
formulated with powdered (ground) elastin particles
with those containing larger elastin particles as re-
ceived by supplementing the media with either 1%
(wt/vol) or 0.3% (wt/vol) elastin. Grinding of elastin
(Sigma) into powdered form was performed con-
ventionally by using mortar and pestle. After grind-
ing, the required amount (such as 0.3 g/100 ml) of
ground elastin was added to the agar base medium.

Inoculation and Incubation

Each of the seven strains and a purified elastase
control were spot-inoculated (four to a plate) to either
BHIA, CAB containing 2.3% peptone, or CAB with
additional 2.7% peptone (total 5% peptone) that con-
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TABLE 1 Elastase Activity of 166 Isolates of Aeromunas spp. Using the Bilayer

Elastin Agar Medium (BEAM) Plate”

Negree of Elastase Activity”

No. Isolates  No. Elastase

Organism Tested Positive (%) + 4+ + (%) + +(%) + (%)
A. hydrophila 46 45(98) 26(58) 17(38) 2(4)
A. veronii biogroup 26 0(0)
sobrin
A. sobria (CIP 1 1(100) 1(100)
74337
A. caviae 57 0(0)
A. media 1 0(0)
A. veronii biogroup 4 0(0)
veronii
A. schubertii 3 1(33) 1(100)
A. eucrenophila 1 0(0)
A, jandaei 4 0(0)
A. trota 9 0(0)
A. group 501 1 1(100) 1(100)
A. species, enteric 1 0(0)
group 77
{ornithine +)
Atypical,© A. 5 4(80) 3(75) 1(25)
hydrophila-like
Atypical, A. veronii 4 0(0)
biogroup
sobria like
Atypical, A. caviae- 3 1(33) 1(100)
like
Total 166 53(32) 26(49) 21(40) 6(11)

“Performed in duplicate. No significant variation was observed from run to run.

4+ = zone of clearing directly beneath the colony; + + = clearing 2-5 mm beyond the edge of
the colony; and + + + = clearing more than 5 mm bevond the edge of the colony,

‘When at least two or more tests were inconsistent in comparison with the typical strains

tained either 1% (wt/vol) or 0.3% (wtivol) elastin.
They were then incubated under several sets of con-
ditions: either 4 days at 36° = 1°C, 4 days at room
temperature, or for 2 days at 36°+1°C followed by
2 days at room tempera‘ure.

Then, 166 Acromonas strains and P. acruginosa elas-
tase-positive (PA 01) as well as elastase-negative (PA
103) control strains were inoculated and incubated
in the latter manner, that is, 2 days at 36°C followed
by an additional 2 days at room temperature using
the bilayer elastin agar medium (BEAM) described
below. Each of the 166 strains and the control strains
was tested at least twice on the BEAM plate in the
same fashion.

Development of the BEAM Plate Assay

A comparison was made between the previous
method of using a basal agar layer of dispersed elas-
tin particles throughout (Janda and Duffey, 1988;

von Graevenitz and Mensch, 1968) with a bilayer
agar medium in which elastin particles were incor-
porated in the top layer only. This bilayer was pre-
pared by first pouring a 10-ml layer of sterile nutrient
agar, for example, CAB, into a sterile 15 x 100-mm
Petri plate (VWR Scientific, San Francisco, CA) and
allowing this layer to harden. This solidified layer
was then overlaid with a sterile, 10-ml top layer of
the same basal medium incorporated with ground
elastin (0.3% wt/vol) particles. This medium must
be continuously shaken while pouring the top layer
to obtain a homogeneous suspension. The bilayer
plates were generally maintained at room temper-
ature overnight before being used or before storage
at 4°C.

Detection of Elastase Production

Each inoculated BEAM plate was visuaily examined
daily (24-hr intervals) for evidence of positive elas-
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tase activity identified as a clearing of the elastin
particles either beneath the colony or peripherally
extending from the colony. The degree of elastase
activity was measured and scored as follows: clear-
ing of the agar directly beneath the colony only as
compared to no clearing in the negative control was
1+, a zone of clearance around the colony that mea-
sured 2-5 mm was considered 2+, and a zone of
clearance >5 mm was scored as 3 +.

RESULTS

Effect of Elastin Particle Size on Elastase
Production

Control plates containing ground elastin particles
were observed to influence more rapid elastase ac-
tivity (generally 1 to 2-mm larger zone) than plates
in which the elastin was not ground.

Effect of Culture Medium on Elastase
Production

Of the three basal media compared (BHIA, CAB con-
taining 2.3% peptone, and CAB with additional 2.7%
peptone (total 5% peptone), supplemented with either
1% (wt/vol) or 0.3% (wi/vol) ground elastin, the CAB
containing 2.3% peptone incorporating 0.3% elastin
was found to permit larger zones of clearing, which
appeared more rapidly than other media.

Effect on Incubation Time and Temperature

The incubation of plates at 36° = 1°C for 2 days
followed by 2 days incubation at room temperature
produced larger zones of elastase activity and clear-
ing occurred more rapidly, using this set of incu-
bation conditions.

Comparison of the Rilayer Plate (BEAM)
with the Monolayer Plate

When comparing the monolayer CAB with 0.3%
ground elastin to the BEAM with 0.3% ground elas-
tin in the top layer of 10 ml of CAB, the BEAM plate
exhibited greater elastolytic activity. Control strain
PA 01 and test strain NMRI 5 often showed positive
activity after only 24 hr of incubation on BEAM plates.

Elastase Activity Related to Species

Of the 166 acrononads secreened in duplicate, 53
(32%) were observed to produce clastase activity. Of
these 53 positive strains, 26 (49%) were considered
3+,21(40%) were 2+, and only six (11%) were 1 +.
All but one A. hydrophila (98% ) and the single Acro-
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monas group 501 were positive. The only species or
group that produced 3+ elastolytic activity was A.
hydrophila. Only one of three A. schubertii strains was
positive (1 +). Elastase activity was not detected in
any of the isolates of A. veronii (biogroups sobria and
veronii), A. caviae, A. jandaei, and A. trota even after
a prolonged incubation of 7 days, except for A. sobria
(CIP 7433). The A. media and A. eucrenophila-type
strains were also negative. The elastase activity was
found to be completelv reproducible, and no signif-
icant variation was observed from run to run in terms
of degree of elastase activity of acromonads on the
BEAM plate (Table 1).

Distribution of Elastase-Positive Strains

The 53 elastase-positive strains were recovered from
a variety of sources: clinical (n = 37), veterinary (n
= 5), environmental (n = 7), and ATCC/CDC (1 =
4). They were likewise diversely distributed as to
their geographic source of isolation: USA (n = 35),
Bangladesh (1 = 4), The Sudan (1 = 2), Somalia (n
= 3), Egvpt (n = 4), Puerto Rico (n = 1), and
ATCC/CDC (n = ). The single elastase-negative A,
hydrophila strain was a diarrheal isolate from Dhaka,
Bangladesh. No association has been observed be-
tween the elastase-positive acromonads with their
sources and geographic distribution. Elastase reac-
tions for the control strains (PA 01 and PA 103) were
also consistent throughout the experiment.

DISCUSSION

Recent atteation has focused on the elastolytic ac-
tivity of bacteria, because of its potential diagnostic
and pathogenic significance. Most studies of elas-
tolytic activity have used insoluble, particulate elas-
tin dispersed in a nutrient agar medium with dis-
solution of elastin particles as a substrate for indication
of pusitive clastase activity. Cultures on such plates
usually required prolonged incubation (7-10 days)
before dissolution of particles beneath or peripheral
to colony growth could be detected (Janda, 1985 and
1986, Williams et al., 1988).

To provide a more efficient assay, we have de-
veloped the BEAM by grinding, the elastin particles
into powder form and incorporating them only in
the top layer of our bilayer medium. We used CAB
containing 2.3% peptone as our base layer. When
compared with BHIA having only 1% peptone, CAB
appeared to produce faster and stronger enzymatic
activity. This suggests that production of elastase in
acromonads may be media dependent in similar
fashion to staphylococci (Janda, 1986). However, use
of CAB, with 2.7% peptone added, resulted in a final
concentration of 5%, actually causing smaller zones
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of clearance. This indicates that there may be an
upper limit to the amount of peptone that can be
utilized by the organism.

Ground elastin in the top layer could be digested
more rapidly, through closer contact between the
elastin substrate and the bacterial elastase. Thus, by
grinding the elastin before incorporation into the top
layer, a larger surface area for bacterial contact was
created. This was evidenced by the fact that all of
the 3+ elastase-positive strains were recorded as at
least 1+ after only 24 hr of incubation. Thus the
previous incubation period of 7 days was reduced
by 43% to a maximum of 4 days required to record
any andall 3+, 2+, and 1 + reactions on the BEAM
plate.

Of the 166 Aeromonas spp. tested, only A. hydro-
phila (45 of 46) was almost exclusively positive (98%),
confirming previously published reports (Janda, 1985;
Lee, 1987; Liungh and Wadstrom, 1985; Popoff, 1984;
Renaud et al., 1988). Further, the level of activity
was scored as strongly positive or 3+. This leads to
the suggestion that wound infections with A. lydro-
phila may be more severe. However, Trust (1986) has
emphasized that the contribution of a single enzyme
or toxin to bacterial virulence must be confirmed by
studies using bacterial isogenic mutants, deficient in
the specific exoproducts.

Positive clastase activity was not detected in any
of the 26 A. veronii biogroup sobria isolates, which
also confirms previous studies (Popoff, 1984; Re-
naud et al., 1988), but is contradictory to those that
detected some positive elastase activity among this
species (Daily et al., 1981; Janda, 1985). It is inter-
esting to note that the single A. sobria was the so-
called type strain (CIP7433), which is not represen-
tative of clinical A. veronii biogroup sobria thus far
isolated (Lee 1987; Joseph et al., 1991). All 57 typical
A. cavine isolates were negative for elastase activity,
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Five atypical isolates were elastase positive, of
which four of five were A. hydrophila-like, with the
remaining isolate identified as an A. caviae-like aero-
monad.

We have found the BEAM described herein to be
a sensitive, semiquantitative test to measure elastase
production among the aeromonads. It is a simple
medium to prepare, set up, and read wita a shorter
incubation period than previously described and could
earily be incorporated into routine identification pro-
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The development of this reliable and more rapid
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ture has provided a second important finding, that
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I. Taxonomy, ecology, isolation and identification

Aeromonas taxeoomy

S.W. Joseph. R.R. Colwell and M. T. MacDonell*

Department of Microbiology. University of Maryland, College Park ( Maryland 20742, USA )

Key words. Aeromonas: taxonomy.

The taxonomy of the aeromonads has been the subject of scru-
tiny and reclassiicaton by several investigators in an attempt to
clanty the position ol this group ot organisms and their relation-
ship to similarly Jdescribed but obviously scparate genera.
Recommendat:ons have vaned from recognition of one genus
comprising three species to the proposal of a complex subspecia-
tion* ™. Other than the obvious need for accurate nomenclature
and classification. there are pragmatic reasons to seck improve-
ment in the classification ol Aeromonus, e.g.. tn clinical medicine,
where physiclans tend to refer to all aeromonads as Aeromonas
hvdrophila and. :n fact, inost of the early medical literature
concemning Aeromonas used this nomeaclature only. We now
know such simpiification to bz unrealistic in light of PopofT and
Véron's contr:buvons®. which showed that A.hvdrophila and
A.punctata constitute a single species. 4. hvdrophila. A second,
previously undescnibed group of strains was also descnibed and
named A.sobria. The human medical significance of A.sobria
was demonstrated ahen 1t was isolated from a scuba diver's
wound infection”. and 1n a study of the comparative occurrence
and virulence of 4. hvdrophila and A.sobria from human and
environmental scurees”.

The species on which there is agreement is A.salmonicida. Tt
ditfers from other acromonads as follows: non-motile, no

growth at 37°C, produces a brown. water-soluble pigment on
nutrient agar. In Bergey's Manual of Systematic Microbiology’
this species is subspeciated into salmonicida, achromogenes, and
musoucida.

Based upon differential, phenotypic. and genetic charactenistics,
PopofT and Véron recommended establishment of a third spe-
cies. A.cavige, which is included amongst the motiie aeromo-
nads®. In summary, five specics and three sub-species of dero-
monas are recognized at the tme of this writing.

Definition

Aeromonas consists of straight cells, rod-shaped and with
rounded ends to coccoid. Resting stages are not known. Gen-
crally motile by a single flagellum. Some species are nou-motile.
Metabolism of glucose is both respiratory and fermentative.
Oxidase positive and resistant to the vibrioslalic agent
2. diamino-6,7-diisopropylptenidine (0;129). The mol% G + C
of the DNA is 57-63 (Bd.T,,).

Minimal identifying and differential characters

The common charactenstics which define the motile acromo-
nads are possession of motility, morphology. growth in nutrient
broth at 37°C, indole praduction. fermentation of sucrose and

Overhead view of a four-dimensional
plot of evolutionary relationships
amongst species of the gamma subdivi-
sion of the Rhodobaciera®!!. In this
projection, principal components | and 2
are given by the X and Y axes, respec-
tively, while principal component 4is in-
dicated through the use of symbols. Prin-
cipal component 3, i.c., the Z axis, is lost
in this projection.
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mannitol, breakdown of 1nositol, and oxadase activity (table 1),
Ditferential characteristics for the motile teromonads include
esculin hydroly sis, erowth in KCN broth, L-histidine and L-ar-
pinine utilization, L-arabinose utilization. fermentation of sali-
cin, pas from plucose. and H.S from cysteine (table 2).

DN 1 unalvses

DNA hybridizaton studies have venlied the distinction of the
three species, . hvdrophila, A.sobria and 4. cavige. Within these
species there are at least seven DNA hybridization groups. three
in A ydrophila, two in AL cavide, and at least two in 4. sobria.
Thus tur these DNA-related new groups have not been distin-
guished phenotypically one from the other®.

Similarly, Farmer et al., using DNA hybndization (hydroxy-
apatite. P, 60C), found only 3 ol 60 deromonus strains to be

Table I. idenufving charactensuics for motile aeromonads

Catalase +
Onidase -
Moulity -
Morphology Rods in singles and pairs
Growth in nutnent broth at 37°C -
Arginine dihydrolase -
Ornithine decarboxylase -
Indole production +
Fermentation:

sucrose and maanitol *

dulcitol. rhamnose, xylose. -

raffinose. inositol, and adonitol -
Breakdown of inusitol -
NO; reduction to NO, -
Growth in peptone H.O without NaCl -
0 129 resistance -
Starch. gelatin, ONPG. RNA and

DNA hydrolysis -
Tween 80 esteruse ~

Table 2. Mimmal identifying characterisucs for the motile aeromonads
A hydrophia

Charactensucs A. sobria A.cavive

- -

Esculin hydrolyas -
Growth in KCN broth
L-histidine utihzauon
L-arginine utilizavon
L-arabinose utilization
Fermentauon of salicin
Gas from glucose

H.S from oy stemne

i+
b
4+t + ¢

t 4+
|

+
+ 4
!

Experientia 43 (1987, Birkhauser Verlag, CH 4010 Basel Swatzerland

highly related to the type ~train of 4. hvdrophila (70%% or
wreater). Sinnlarly, the type strain of 4. sohrra was highly related
to only two other strains. suggesting that many strains of the
monide. mesophilic group of deromonas belong 1o species other
than A Avdrophila, A.sobria, and A.caviae. There appear to be
nine to twelve dilferent DNA hybridization groups.

I
38 RV A seyuence analysis
Results ol 3§ RNA sequence analysis showed that deromonas
spp. should be included in a fanuly. Aeromonadaceae, separate
from the Enterobacteriaceae and the Vibronaceae'. Molecular
genetic information compiled to date, including results of 168
nibosomal ribonucleic acid cataloging and 38 ribosomal ribonu-
cleic acid sequence analyses. suggest that Aeromonas demon-
strate an evolutionary divergence which is significantly at vari-
ance with that of other members of the Vibrionaceae®. An indi-
cation of the phylogenctic diversity among vibrios. aeromonads,
and enterics can be gleaned from the figure.

* Present address: Biotechnology Group. Idaho National Engineering
Laboratory. EG & G Idaho, P.O. Box 1623, I ano Falls, 1D 83415, USA.
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Plesiomonas: Taxonomy, classification and enterotoxin production

R. Colwell®, M. T. MacDonell, M. O’Brien and M. Tamplin

Department of Microbiology, University of Muryland, College Park ( Maryland 20742, USA)

Key words. Plesiomonas taxonomy; Plesiomonas classificaticn; Plesiomonus enterotoxin; Aeromonus, Plesiomonas.

Encountered in clinical specimens and the natural environment,
Plesiomonas shigelloides has been implicated as a potential diar-
rheal agent in man, but has been overshadowed in importance
by related bacteria in the genera deromonas and Vibrio, resulting
in its neglect. Consequently, a good deal of uncerainty remains
with rezard to the taxonomy, ecology and pathogenicity of this
member of the family Vibrionaceae. In fact, recent phylogenetic
data, based on 5S rRNA sequencing, suggest a closer relation-
ship of P.shigelloides with the Enterobacteriaceae rather than

the Vibrionaceae. The closest relationship amongst the genera of
the Entcrobacteniaceae for P.shigelloides is with Proteus mira-
bilis™>. Furthermore, a serological relationship between P. shi-
gelloides and Shigella has been reported®. To clanify the taxo-
nomy of P.shigelloides, phenolypic characterization was carried
out, emphasizing extraccllular enzymne profiles. Several investi-
gators have reported production of entzrotoxin(s) by P. shigel-
lvides'*. Enterotoxin of P.shigelloides is not believed to be
related imtunologically to cholera toxin (CT). We have deter-
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Enzymatic Characterization of Three Aeromonas
Species Using API Peptidase, API “Osidase,” and
API Esterase Test Kits

Amy M. Carnahan, Mark O’Brien, Sam W. Joseph,
and Rita R. Colwell

An enzymatic characterization of 16 strains of Aeromonas species including A. hydrophila
(7). A. sobria (5), and A. caviae (4) was carried out using API Peptidase (5trips numbered 1, 2,
3, 4. 5, and 6); API Esterase and API “Osidase" test strips. A total of 89 substrates was used in
the assay and included 59 arylamides (amincpeptides), 10 esters, and 20 carbohydrates. All
three species were remarkably uniform in their reactivities. Nineteen (32%) of the arylamide
substrates used were hydrolyzed by all three species. Very strong arylamidase activity was
displayed by all three species for L-lysine, L-hydroxyproline, L-arginine, L-alanine, L-proline,
and L-leucyl-L-alanine. Esterase activity was strongest against caproate (C6), caprylate (C8),
nonanoate {C9), and caprate (C10) substrates. Only a limited number of carbohydrate substrates
were hydrolyzed; strong N-acetyl-B-D-glucosaminidase activity was given by all strains. Both
A. hydrophila and A. caviae gave strong B-D-glucosidase reactivities, while A. sobria appeared
to be negative for this enzyme. The results of our preliminary study show that some of the
enzymes examined may be useful in the Ideatification and differentiation of these species. The
API enzyme assays yielded rapid (4 hr) tesults. The assays were easy to perform, relatively
inexpensive and reproducible. The importance of replicate testing and the inclusion of uni-
noculated (buffer only) controls as part of the assay is emphasized.

INTRODUCTION

Members of the genus Aeromonas are ubiquitous in thair distribution; some have
been associated with a variety of disease in man and animals (Hubbard 1981; Huizinga
et al., 1979; Kaper et al., 1981; McDaniel, 1979; Pitarangsi et al., 1982; Sakazaki and
Balows, 1981; von Graevenitz 1985). While the taxonomy of this group is still under
revision, significant progress has been made; the contributions of Popoff and Veron
(1976) and Popoff et al. (1981) represent key contributions to the taxonomy of Aero-
monas spp. Clarification of the taxonomy of Aeromonas has been provided by Farmer
et al. (1986), MacDonell et al. (1986), and Colwell et al. (1986), the latter proposing
the establishment of a new family, Aeromonadaceae. Recently, Hickman-Brenner et
al. (1987, 1988) proposed two new species, Aeromonas veronii, and Aeromonas
Group 501, indicating continuing interest in the systematics of the aeromonads.
Waltman et al. (1982) generated enzymatic profiles of A. hydrophila, using API-
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ZYM. More recently, Janda (1985) carried out a biochemical and enzymatic char-
acterization of A. hydrophila, A. sobria, and A. caviae using conventional and rapid
micro-assay methods, including APIZYM. Enzyme profiles generated in that study
provided useful taxonomic and virulence markers. However, most important is the
need to improve the accuracy of identification of Aeromonas spp. assaciated with
disease. It is expected that new species, biotypes, and serovars of Aeromonas will
continue to be recognized. Thus, approaches such as that taken in this study to
expand the criteria for identification serve a useful purpose.

To achieve a broader enzymatic characterization of Aeromonas spp., the following
study was undertaken employing a selected set of strains and three AP!I enzyme test
kits: API Peptidase, API “Osidase,” and API Esterase. These rapid micro-assay sys-
tems have proven effective in the characterization of a related organism, Plesiomonas
shigelloides (1987). The study was, therefore, extended to include Aeromonas.

MATERIALS AND METEODS

Strains

Sixteen strains, representing Aeromonas hydrophila, A. sobria and A. caviae were
examiued. A. hydrophila (Type strain, ATCC 7966), A. sobria (Type strain, ATCC
9071), and A. caviae (Type strain, ATCC 15468) were included as reference strains
in the study. Isolates, other than the type strains, were collected and identified at
the International Centre for Diarrhoeal Disease Research in Dhaka, Bangladesh, and
were of clinical origin. The latter were identified according to the protocoi of Popoff
and Veron (1976).

Culture Conditions

All test strains were grown on Tryptic soy agar (TSA) (Difco) for 24-48 hr at 37°C.
The TSA plate cultures served as the source of inoculum for all enzyme assays.

Enzyme Profiles

All strains were assayed for arylamidase, esterase, and carbohydrate hydrolase ac-
tivities, using API Peptidase (strips numbered 1, 2, 3, 4,5, and 6), API Esterase, and
AFI “Osidase,” respectively. The API enzyme kits were obtained from API (API
System S.A., F-38390 Montalieu, Vercieu, France), and the manufacturer's directions
were adhered to, except for slight modifications. The methods are described briefly,
as follows.

Preparation of the Test Strips. Each test strip was placed in an incubation chamber
containing 5-ml of distilled water to ensure a humidified atmosphere. Each test strip
contained two identical “galleries” of 10 tests, except for the API “Osidase” gallery,
which consisted of 20 separate tests.

Inoculation and Incubation of the Test Strips. Each microcupule of the test strips
was inoculated with 65-ul of bacterial suspension prepared as described for API ZYM
(1982). However, sterile phosphate buffer (0.01 M; pH (7.4) was substituted for sterile
distilled water, since the test strips used in the present study did not contain buffered
substrates (1955). The test strips were incubated aerobically at 37°C for 4 hr.

Reading and Interpretation. For API “Osidase,” 1 drop of 0.1 M NaOH was added
to each microcupule. A positive reaction was given by a yellow color. Reactions were

Enzym

RESUL



nahan et al.

Tmatic char-
al and rapid
1 that study
rtant is the
iciated with
imonas will
is study to

1e following
enzyme test
0-assay Sys-
'lesiomonas
monas.

zavige were
rtain, ATCC
encs strains
dentified at
adesh, and
ol of Popoff

' hr at 37°C.
} assays.

ydrolase ac-
sterase, and
n API (API
's directions
ibed briefly,

onchamber
ch test strip
1se” gallery,

le test strips
or APIZYM
ud for sterile
ain buffered
4 hr.

[ was added
ictions were

Enzyme Characterization of Aeromonas 197

recorded as O (negative), 1(+/~=), 2 (+), or 3 (+ +). Intermediate results (i.e. 1/2 or
3/2) were also recorded.

For API Peptidase strips 1-6 and API Esterase, a different method of scoring the
results was employed. Procedurally, 1 drop each of reagent ZYM A and ZYM B was
added to each microcupule and the reaction allowed to “develop” for 10 min. To
enhance the reaction the test strips were placed in a dark room. The test strips were
then exposed to the light of a very strong lamp for approximately 10 sec, which
allowed for elimination of the yellow base due to an excess of unreacted Fast Blue
BB (reagent ZYM B), and to make the negative reactions colorless. Recording of the
reactions was as follows: negative (0), weakly positive (1) and positive (2 01 3) to
strongly positive (4 or 5), according to the APl ZYM color coded chart supplied by
the manufacturer. Intermediate reactions (0/1 or 3/2 etc.) were also recorded.

As a measure of reproducibility, replicate tests were performed by two separate
investigators and the data compared. Replicate uninoculated (buffer only) controls
werealso included. Relative enzyme activity for all of the strains (and their replicates)
tested against each of the 89 substrates was calculated as described by Janda (1985)
and corrected by reference to the control.

Intermediate results were scored as decimal fractions (e.g., 3/2 = 2.50r0/1 = 0.5).

Relative activity (RA) was defined as the totai numerical value of each replicate
of each strain of each species divided by the total number of replicates of strains
tested for each species (minimum RA value = 0.00; maximum RA value = 5.00).

RESULTS AND DISCUSSION

Enzymatic characterization of many bacterial groups, including Aeromonas, have
been reported using APl ZYM (Frank, 1981; Gray, 1987; Humble et al., 1977; Janda,
1985; O'Brien and Davis, 1982; Waltman et al., 1982). API ZYM is a rapid, semi-
quantitative, micro-assay for a small number of broad enzymatic activities including
phosphatases, arylamidases, esterases, and carbohydrate hydrolases. API Peptidase,
API Esterase, and APJ “Osidase” are recent developments that augment APl ZYM,
permitting assay of a broader range of enzyme groups.

Results of tests for arylamidase activities employing API Peptidase are given for
the three Aeromonas species listed in Tables 1-6. The readings for each strain of all
three species were remarkably uniform in their reactivities. Nineteen (32%) of the
59 arylamidase substrates were hydrolyzed by all three Aeromonas species examined
(Table 7). A. caviae was slightly more active than either A. hydrophila or A. sobria.
Single amino acid arylamides and di- and tripeptides were hydrolyzed preferentially
by all three species. In comparison, A. hydrophila was the only species to hydrolyze
the single tetrapeptide substrate, while none of the strains examined were active
against the single pentapeptide substrate.

Very strong (RA = 4.00-5.00) activity was demonstrated by all three species for
L-lysine ARA, L-hydroxyproline ARA, L-arginine ARA, L-alanine ARA, L-proline
ARA, end L-leucyl-L-alanine ARA. None of the three (RA = 0.00) were active when
tested with glycyl-L-tryptophane, L-histidyl-L-leucyl-L-histidine, and N-benzoyl-L-
alanine-1-methoxy arylamides. All three species showed only very weak (RA = <1.00)
activity for several arylamide substrates (Tables 1-5). Based on an RA value of 2.0
as a positive reaction, several enzymes merit further evaluation as possible contri-
buting markers in a speciation schema for these three species, including: 7-gluta-
myltransferase, glycyl-phenylalanine ARA, L-alanyl-L-phenylalanyl-L-proline ARA,
L-alanyl-L-phenyialanyl-L-prolyl-L-alanine ARA, a-L-aspartyl-L-alanine ARA, L-
phenylalanyl-L-arginine ARA, and N-CBZ-glycy!l-glycyl-L-arginine ARA.

Results of the AT'i Esterase test for Aeromonas spp. examined in this study are
given in Table 8. Esterase activity was strongest for caproate (CF}, caprylate.(C8),
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TABLE 1. Results® for API Peptidase 1 for A. hydrophila, A. sobria, and A. cavige

Relative activity®

Arylamidase A. hydrophila A. sobrie A. cavige

enzyme* (14)¢ (10) (8)
1 1.36 1.50 1.38

2 0.07 0.20 0.13

3 1.71 1.90 1.88

4 4.36 4.50 4.19

5 4.25 4.40 4.81

6 1.68 1.95 1.63

7 2.89 3.00 2.81

8 1.50 1.10 1.25

9 4.68 4.30 4.88

10 4.50 4.40 4.56

*Number of strains tested (n = 16): A. hydrophila (n = 7}, A. sobria (r. = 5), A. caviae (n = 4).

bRelativa activity (RA) was defined as the total numerical value for each replicate of each strain of each
species divided by the total number of replicates of strains tested for each species (Minimum RA value =
0.00; maximum RA value = 5.00).

“1, L-tyrosine arylamidase ARA: 2. L-pyrrolidone ARA; 3, L-phenylalanine ARA; 4, L-lysine ARA; 5, L-
hydroxyproline ARA; 6, L-histidine ARA; 7, glycine ARA; 8, L-aspartate ARA; 9, L-arginine ARA; 10, L-
alanine ARA.

Total number of replicates tested.

nonanoate (C9), and caprate (((10). RA activity was variable. In general, A. hydrophila
and A. cavige gave higher RA values than A. sobria for the substrates tested, e.g.,
valerate (C5) EST, caproate (C6) EST, caprylate (C8) EST, and caprate (C10) EST. All
strains exhibited at least some activity for all of the esterase substrates examined
here, ranging from very weak to very strong activity.

Table 9 summarizes results for carbohydrate hydrolase activities for the Aero-

TABLE 2. Results® for API Peptidase 2 for A. hydrophila, A. sobrig, and A. caviage

Relative activity®

Arylamidase A. hydrophila A. sobria A. caviae

enzyme* (17)¢ (12) (10)
1 1.68 1.95 2.20

2 0.06 0.08 0.05

3 1.15 1.04 1.45

4 1.85 1.75 2.20

5 3.38 3.67 3.35

6 1.65 1.29 2.00

7 NR* NR NR

8 2.59 2.54 2.50

9 1.06 0.88 1.15

10 0.00 0.00 0.00

°Number of strains tested (n = 16): A. hydrphila (n = 7), A. sobria (n = 5), A. caviae (n = 4).

bRelative activity (RA) was defined as the total numerical value of eech replicate of each strain of each
species divided by the total number of replicates of strains tested for each species (Minimum RA value =
0.00; maximum RA value = 5.00).

€1, y-glutamyltransferase; 2, N-benzoyl-leucine ARA: 3, S-benzyl-cysteine ARA; 4, methionine ARA; S,
glycyl-glycine ARA; 6, glycyl-phenylalanine ARA; 7, glycyl-proline ARA; 8, leucyl-glycine ARA; 9, L-seryl-
tyrosine ARA; 10, Control, negative.

4Total number of replicates tested.

*NR, no result because uninoculated buffer control gave an RA value of 2.00 or more.

Enzy.
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TABLE 3. Results® for API Peptidase 3 for A. hydrophila, A. sobrig, and A. caviae

Relative activity®

Arylamidase 4. hydrophila A. sobria A. cavige
enzyme® (16)¢ (12) (88}
1 0.19 0.17 0.19
2 2.53 3.00 3.13
3 0.50 0.42 0.69
4 0.16 0.38 0.06
5 1.22 1.58 1.50
6 4.43 4.71 4.75
7 3.38 3.54 3.63
8 0.97 1.25 1.06
9 0.44 0.42 0.44
10 3.16 2.00 3.50

*Number of sirains tested (n = 16): A. hydrophila (n = 7), A. sobria (n = S}, A. cavige (n = 4).

PRelative activity (RA) was defined as the total numerical value of each replicate sf each strain of each
species divided by the total number of replicates of strains tested for each species (Miumuz RA value =
0.00; maximum RA value = 5.90).

€1, N-CBZ-arginine--methoxy ARA; 2, L-glutamine ARA; 3, a-L-glutamate ARA; 4. L-isoleucine ARA: 5,
L-ornithine ARA; 6, L-proline ARA; 7, L-serine ARA; 8, L-threonine ARA: 9, L-tryptophane ARA; 10, N-
CBZ-qiycyl-glycyl-arginins ARA.

9Total number of replicates tested.

monas species using API “Osidase.” The “Osidase™ enzymes examined were p-D-
galactosidase, phospho-B-D-galactosidase, a-D-glucosidase, B-D-glucosidase, a-mal-
tosidase, N-acetyl-B-D-glucosaminidase, a-D-fucosidase, B-D-lactosidase, a-D-galac-
tosidase, a-L-arabinosidase, B-D-galacturonohydrolase, B-D-glucuronidase, 3-malto-
sidase, N-acetyl-a-D-glucosaminidase, a«-L fucosidase, PB-D-fucosidase, a-D-
mannosidase, B-D-mannosidase, a-D-xylosidase, and B-D-xylosidase. Only a limited

TABLE 4. Results® for API Peptidase 4 for A. hydrophila, A. sobria, and A. caviae

Relative activity®

Arylamidase A. hydrophila A. sobria A. caviae

enzyme* (12)¢ (8} (7)
1 0.04 0.00 0.00

2 4.13 3.44 4.14

3 2.17 0.56 2.29

4 2.08 1.75 1.36

5 3.38 2,75 4.07

6 1.46 2.00 1.57

7 1.21 1.00 1.29

-] 0.04 0.00 0.21

9 0.71 0.50 0.57

10 3.08 4.00 4.00

°Number of strains tested (n = 16): A. hydrophila (r = 7), A. sobria (n = 5), A. cavige (n = 4).

*Relative activity (RA) was defined as the totel numerical value of each replicate of each strain of each
species divided by the total number of replicates of strains tested for eack species (Minimum RA value =
0.00; maximum RA value = 5.00).

©1, B-alanine ARA; 2, L-alanyl-L-arginine ARA; 3, L-alanyl-L-phenylalanyl-L-proline ARA; 4, L-alanyl.L-
phonylalanyl-L-prolyl-L-alanine ARA; 5, L-arginyl-L-arginine ARA; 8, a-L-aspartyl-L-alanine ARA; 7, a-L-
aspartyl-L-arginine ARA; 8, u-L-glutamyl-a-L-glutamic ARA; 9, a-L-glutamyl-L-histidine ARA; 10, glycyl-L-
alanine ARA.

“Total number of replicates tested.
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TABLE 5. Results® for AP] Peptidase 5 for A. hydrophila, A. sobriq, and A, caviae
Relative activity®

Arylamidase A. hydrophila A. sobria A. cavige

enzyme® (12)¢ (8) (7)
1 3.33 2.75 2.79

2 0.00 0.00 0.00

3 0.00 0.00 0.00

4 1.42 1.38 1.07

S 4.50 4.63 4.07

6 0.92 0.86 0.79

7 4.38 3.81 3.29

8 3.42 2,94 2.50

9 2.75 1.31 2.14

10 NR* NR NR

“Number of straing tested (n = 16): A. hydrophila (n = 7) A. sobria(n = 5), A, caviae (n = 4),

*Relative activity (RA) was defined as the total numerical value of each replicate of each strain of each
specles divided by the total t.umber of replicates of strains tested for each species (Minimum RA value =
0.00; maximum RA valye = 5.00).

1, glycyl-L-arginine ARA; 2, glycyl-L-tryptophane ARA; 3, L-histidyl-L-leucyl-L-histidine ARA; 4, L-
histidyl-L-serine ARA; 5, L-leucyl-L-alanine ARA; 6, L-leucyl-l.-leucyl-lrvalybL-tyrosyl-L-serina ARA; 7, L.
lysyl-L-alanine ARA; 8, L-lysyl-lysine ARA; 9, L-phenylu]anyl-L-arginine ARA; 10, L-phenylnlanyl-l.-pmlins
ARA.

“Total number of replicates tested.
*NR. no result bscause uninoculated buffer contro] gave an RA value of 1.8 or greater.

number of carbohydrate substrates were hydrolyzed. Strongest (RA = >2.00) enzyme
acdvity was given by all strains examined for N-acetyl-B-D-glucosaminidase. Both
A. hydrophila and A. caviage gave strong B-D-glucosidase reactions, while A. sobria

TABLE 6. Results- for API Peptidase 6 for A. hydrophila, A. sobria, and A. caviae

Relative activity®

Arylamidase A. hydrophila A. sohria A. caviae

enzyme® (12)¢ {8) 7
1 1.50 1.63 1.00

2 2.75 3.00 4.21

3 1.25 1.69 1.57

4 1.96 1.75 1.43

S 0.00 0.00 0.00

6 0.00 0.06 0.00

7 3.21 1.94 4.07

8 1.83 1.06 1.50

9 0.13 0.31 0.29

10 0.46 0.63 0.14

“Number of strains tested (n = 16): A. hydrophila (n = 7), A. sabrio (n = 5), A. caviae (n = 4),

tRelative activity (RA) was defined as the total pumerical value of each replicate of each strain of each
species divided by the total number of roplicates of sirains tested for sach species (Minfinum RA value =
0.U0; maximum RA value = 5.00).

1, Lphenylalnnyl-l.-pmlyl-b—ulanlna ARA; 2, L-prolyl-L-arginine ARA; 3, L-seryl-L-methionine ARA; 4,
L-valyl-L-tyrosyl-L-serine ARA; 5, N-benzoyl-L-alanne-4-metboxy ARA; 6, N-CBZ-uginyH-methoxy ARA;
7, N-CBZ-glycyl-glycy]-L—argiuL‘\e ARA; 8, N-acetyl-glycyl-L-lysine ARA; 9, L-histidyl-L-phenylalanine ARA;
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TABLE 7. Summary® of Results of Arylamidase Activities for the Aeromonas Strains Used

in the Study
No. (%) positiv
No. (%) positive

peptides All®
Peptide tested A. hydrophila A. sobria A. caviae Species
Single 26 8 (31) 8(31) 10 {39) 8(31)
Di- 25 11 (44) 11 (44) 12 (48) 10 {40)
Tri- 6 3 (50) 1(17) 3 (50) 1(17)
Tetra- 1 1 (100) 0(0) 0 (0} 0(0)
Penta- 1 0(0) 0(0) 0 {0) 0(0)
Total 59 23 (39) 20 (34) 25 (42) 19 (32)

*Calcrlated from Tables 1-6. A result of grade 2 or more was considered positive.
bPositive (grade 2 or more) against all three Aeromonas species.

ZYM studies (Janda, 1985). In particular, Janda (1985) suggested that B-D-glucasidase
might be of significant value in species differentiation. Gray (1987), also using API
ZYM, further recommended chymotrypsin, -glucuronidase and B1-phosphohydro-
lase, incubated at 30°C for 24 hr. The only other “Osidase” that showed some dif-
ferential ability was the B-D-galactosidase (Table 9).

Reproducibility of all three enzyme assays was good. That is, for API Peptidase
and API Esterase, the reactions were consistent on repeated testing, with the exception
of minor variations in the intensity of the color reaction.

Uninoculated (buffer only! controls gave consistently negative results in nearly
all replicate tests. Interestingly, two substrates, glycyl-proline arylamide (API Pep-
tidase 2) and L-phenylalanyl-L-proline ary!amide (API Peptidase 5) gave consistently
positive (grade 2 or >) reactions in cupules containing buffer only. This was taken

TABLE 8. Results® for API Esterase for /. hydrophila, A. sobria, and A. caviae

Relative activity*

E~‘erase A. hydrophilu A. sobria A. caviage
enzyme? (12)° (6) 4)
1 0.63 0.67 0.63
2 2.29 1.50 1.88
k} 3.75 1.88 3.63
4 4.57 1.00 4.75
5 4.54 2.60 4.25
<] 3.96 1.67 4.13
7 1.50 0.25 1.38
8 0.54 0.25 0.25
9 1.04 0.58 0.75
10 0.07 0.13 0.17

‘In some replicate tests, a grade of 1 or more was recorded for the corresponding uninoculated (buffer
only) control. Results for thess replicates were disregarded in the calculation of the RA value,

*Number of strains tested (n = 12): A. hydrophila (n = 7), A. sobria (n = 3). A. cavige (n = 2).

‘Relative activity (RA) was defined es the total numerical value of eazh replicate of each strein of each
species divided by the total number of replicates of strains tested for each species (Minimum RA value =
0.00; maximum RA value = 5.00).

41, butyrate (C4) esterase EST; 2. valerate (C5) EST; 3, caproate (C8) EST; 4, caprylate (C8) EST; 5,
nonanoats (C9) EST; 6, caprate (C10) EST; 7, laurate (C12) EST:; 8, myristate (C14) EST; 9, palmitate (C16)
EST; 10, stearate (C18; EST.

‘Total number of replicates tested.

AN
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TABLE 9. Results® for API “Osidase” for A. hydrophila, A. sobrig, and A. caviae

Relative activity®

A. hydrophila A. sobria A. caviae
Enzyme* (6)° (4) (3)

217 1.50 3.00
0.00 0.00 017
0.17 0.00 0.00
2.25 0.00 3.00
0.08 0.00 0.50
2.92 3.00 3.00
0.00 0.00 1.33
0.17 000 1.00
9-20 0.00 0.00 0.00

“Number of strains tested (n = 11): A. hydrophila (n = 5), A. sobrig (n = 3), A. caviae (n = 3).

*Relative activity (RA] was defined as the total numerical value of each replicate of each strain of each
species divided by the total number of replicates of strains tested for each species (Minimum RA value =
0.00; maximum RA value = 3.00).

1, “Osidase” enzymes = B-D-galactosidase; 2, phospho-p-D-galact-sidass; 3, a-D-glucosidase; 4, B-D-
glucosidase; 5. a-maltosidase; 6. N-acetyl-B-D-glucosaminidase; 7, a-L-fucosidase; 8, B-D-lactosidase; 9, a-
D-galactcsidase; 10, a-L-arabinosidase; 11, B-D-galacturonohydrolase; 12, B-D-glucuronidase; 13, p-maltosi-
dase; 14, N-acetyl-a-D-glucosaminidase; 15, a-L-fucosidase; 16 B-D-fucosidase; 17, a-D-mannosidase: 18, B-
D-mannosidase; 19, a-D-xylosidase; 20, B-D-xylosidase.

Total number of replicates te-ted.

D@D NDY WA -

into consideration when reading the actual, inoculated test strip and the values
adjusted accordingly. In addition, API Esterase uninoculated controls, containing
buffer only, gave a reaction of grade 1 or 2, in a few cases. For example, three out
of seven of the corresponding replicate uninoculated controls for C18 esterase gave
a score of grade 2. For this reason it is important that the buffer used for API Peptidase
and API Esterase must be of the correat molarity and pH, since these factors may
seriously affect the results.

From the results presented here, the suggestion can be made that the enzymes
examined in this study be considered for inclusion in the panoply of tests employed
for the characterization and differentiation of Aeroracnas spp. Obvicusly, further
work is required with a wide variety of species and a larger number of strains before
the value of these tests for taxonomic purposes can be conclusively ascertained.

This study was done, in part, under Agency for Internationa) Development (AID) Grant No.:
DPE-5542-6-55-7023-00.
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Twenty clinical strains each of Aeromonas hydrophila, Aeromonos caviae, and Acromonas schria were
evaluated for their abilities to oxidize one or more of 95 carbon sources on a GN Microplate (BIOLOG,
Hayward, Calif.). Nine substrates yielded good, diseriminatory values for the three species tested. The panel
appears to be uscful for the species identification of Acromonas isolates originating from human material,

The genus Acromonos has received increased attention
from the medical community as a suspected cause of bacte-

rial gastroenteritis and as the ctiologic agent of & number of

additional infectious svndromes which include septicemia,
cellulitis, and peritonitis (4). Within the genus at least 11
distinet species exist, as determined by DNA hybridization
studies: of these 11 species, 7 have taxonomic standing in the
literature (6). Recent studies have indicated that o majority
(75 to 935) of Acramonas isolates recovered from clinical
material fall into hybridization groups 1. 4, and 8; these
hybridization groups correspond to the phenotypically iden-
tifiable species of AL hvdrophila. A, caviae. and A, sobria,
respectively (3,61 Although these three phenotypic species
can be wdentified by using a conventional battery of eight or
more biochemical tests. most commercial identification pan-
els for gram-negative organisms do not have the capabylity
for accurate species identification within the genus Acromo-
nas. Instead, many such systems cheose w collectively refer
to the mesophilic acromonad group as cither A, vdrophila.
the A hydrophila complex. or Aeromonas spp. Recently. a
new gram-negative microplate panel has been commercially
introduced (GN Microplste: BIOL.OG. Hayward, Calif.)
which tests for the ability of bacteria to oxidize one or more
of 95 carbon sources in the presence of a redox indicutor
(tetrazolium dye). We have evaluated this system as o
potentially useful ool in the species identification of Aero-
monas isolates recovered from clinical material.

Sixty Acromonas strains (A hvdrophile, no- 200 A,
sobria, no - 200 and A, caviae. n 200 recovered from
clinical material were evaluated in this study., three type or
reference strains (namely, A. hvdrophile ATCC 7966, A,
sobric. ATCC 9071, and A, caviae ATCC 153468") were
additionally included to ensure intra- and intertaboratory
reproducihility. Each strain was grown overnight on Trypti-
case (BBI. Microbiology Systems, Cockevsville, Md.) soy
agar at 35°Cafter which the 18- to 20-h reseltant growth was
removed and spectrophotometrically standardized (hy opti-
cal density at 390 nm) in 0.85¢ NaCl according to the
instructions of the munufactarer. These stundardized sus-
pensions were then inoculated into individual wells (150-pl
volumes) of & 96-well GN Microplate tincludes one control
well) by using o multichannel pipetter. Inoculated plates
were then incubated for 18 to 20 h at 35°C before being read.

Of the 95 carbon substrates screened in this system. one or
more of the 60 Acromonas strains were able to oxidize 66

* Corresponding author.

(6977) of the tested compounds. The 29 compounds which
vielded uniformly negative results included adoniol, i-eryth-
ritol. L-fucose. mi-inositol, maltose. p-melibiose, p-raffinose,
xylitol, p-galactonie acid lactone, p-glucosaminie acid, n-
glucuronic acid. w-hydroxybuytric acid, B-hydroxvphenyl-
acetic acid, itaconie acid. a-ketobutyric acid. a-ketoglutaric
acid, a-ketovalerie acid, malonic acid, quinic acid, D-sac-
charic acid, sebacic acid. glucuronamide, hydroxy-1 -pro-
line. r-phenvialanine. -pyroglutamic acid. pr-carnitine,
phenviethylumine. 2-aminocthanol, and 2. 3-butanediol. In a
similar fashion. 10 other carbon substrates were positive for
all 60 strains, including dextrin glycogen. N-acetylglucos-
amine, b-fructose, a-o-glucose, p-mannitol. B-methylgluco-
side. sucrose, p-trehalose, and 1-asparagine.

OFf the remaining 57 carbon substrates. 14 compounds
were positive 9077 of the time or more with the 60 mesophilic
acromonac s evaluated: these compounds included Tween
40 and B0, p-galactose, p-mannose. methyl pyruvate, p-
gluconic acid. succinic acid. 1-aspartic acid. 1 -glutamic acid,
glyveyl-t-aspartic acid. 1-serine, inosine, glycerol, and pi-
a-glycerol-phosphate oxidation, Twelve other compounds
were positive at a frequency ranging between 1 and 1077 and
included a-evelodextrin, p-arabitol, -rhamnose. turanose,
citric acid, formic acid. «- and B-hyvdroxybutyric acid, pro-
pionic acid. 1-leucine. a-uminobutyric acid. and putrescine.

The remaining 30 carbon sources that displayed variable
positivity rates (hetween 10 and 9077) were further evaluated
for their potential usetulness in phenotypically distinguishing
between the three Acromonas species tested. Nine sub-
strates were unquestionably found to have significant dis-
crininatory value in species wdentification and are listed in
Table 11 of these nine substrates, seven (excluding 1 -arabi-
nose and cellobiose) have not previously heen identified as
useful biochemical markers (1.5, 7). In addition, although
9077 of the strains st ,ed were positive for the oxidation of
D-manno ¢, all mannose-negative strains (1 - 6) were iden-
tificd as AL caviae, another property previousty found to be
useful in other Acromonas identilication schemes (5). The
remaining 21 carbon substrates exhibiting variable positivity
rates overall (10 to 90%¢) are listed in Table 2; within this
latter group only factose and 1-histidine have previously
been reported to have discriminatory value in Aeromonas
species identitication (1, 5. 7).

The results of this study suggest that the BIOLOG GN
Microplate panel may be usetul for species identificition
within the genus Acromonas, although this system is cur-
rently not approved for clinical use. On the basis of the
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TABLE 1. Phenotypic properties useful in Aeromonas
species identification

o Positine

Carbon source
Overall Ao Indrophila AL caviae AL sobrig

N-Acetylgalactosamine 43 100 s 28
1-Arabinose 63 80 100 15
Cellobiose RR] N hN 10
Gentobiose 17 1] S0 0
p-Galacturonic acid 18 0 AN 0
D1 -Lactic acid 62 9s H 0
Urocanic acid KX} 10 90 0
Glucose-1-phosphate 6K 100 5 100
Glucose-6-phosphate 67 100 0 100

“ Based on 60 stains (4. Ivdrophuda. o - 200 AL caviae. n - 200 A, sobria,
n o 204

results listed in Table 1. all 60 Aeromonas strains could
unambiguously be placed in their correct tinonomic posi-
tions. Sceveral carbon substrates (cellobiose, 1-arabinose.
and lactosey included in the GN pancel have previously been
found to be valuable in species identification, and compara-
ble results were also obtained in this study. One significant
difference noted in this study was 1-histidine oxidation, a
test onginally proposed by Popoftand Veron (7 to be useful
in determining the species status of individual Aeronionas
isolates. Our results were less dramatic Clable 2) than those
previousty published: however, it should be noted that
although the substrates are identical, the methods are en-

TABLE 2. Varable carbon onidation profiles
ol Aeromonas species

" Positie
Carbon soarce —_— —

Overall” Ao dndrophida A caviue X sobia
Lactose 27 20 A 5
Lactulose 17 10 40 1]
Psicose KR RS 100 R0
D-Sorhitol KH] 0 AN 15
Monomethy soccinate n S Rij] 0
Accetiv acid 47 0 75 30
civ-Acomtic acud 7 s S 40
Bromosuceinic acid R7 9s 78 9
Succinamic acid RA 10 AN 40
Alaninamide 13 0 30 10
D-Alamine 7 0 78 N
1 -Alanine 73 S0 RS RS
L-Alanylgly cine LR T P N
Glyevl-t-glutamic acid it} 65 Ys R0
L -Histidine N ss St W
1 -Ornithine 12 s 0 0
1 -Proline X s 45 S
b-Serine RS 98 70 90
1 -Threonine 22 10 A 0
Uridine K7 78 100 b
Thymidine 6K 48 16 60

“Based on 60 strauns G Inde phida. - 2004 cavide.n 200 AL sobrna,

no M,
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tirely different, and cuch test may not produce equivalent

results. Intra- and interlaboratory reproducibilities of test

results for mean vidues were found to be 95 and 947,

respectively: the discrepancies noted were invariably reac-

tions which were visually dilticult to determine as weak
positives or negatives, The system has additionadly incorpo-
rated p-mannitol as i carbon substrate. which could facili-
tate the identification of A, schubertii if present (2). Recent
studies conducted by Arduino and colleagues at the Centers
for Discase Control (M. }. Arduino, F. W. Hickman-

Brenner. and 1o J. Farmer T Abste. Int. Workshop on

Acromonas and Plesiomonas. p. 37, 1988) hive identified 41

biochemical characteristics that can correctly identify 8577

of the individual Acromaonas strains (and can partially iden-

tfy un additional 14 7) 1o the correct DNA grouping with the
aid of & computer identification program. Although progress
has been made in the correct taxonomic (genospecies) as-
signment of Acrorqonas strains through phenoty pic charace-
terization. much work remains (o ke accomplished. The
number of tests currently required to perform such analysis
is prohibitive. necessitates the use ol specialized reagents
and media, and s not directly applicable to the clinical
luboratory. Furthermore, DNA hyvbridization groups 4, =,
and 6. which phenotypically resemble AL caviae. cannot at
present be casily separated with this expanded hiotyping
system. We chose clinical isolates for this study since a vast
majority of such strains reside inonly three distinet species

thybridization groups 1.4, and 8, and cach corresponds to a

purticular identifiable phenotype (AL hvdroplila. A. caviae.

and AL sobria). Because of the apparent succeess of the
present study . it seems possible that the BIOT.OG GN panel
might be additonally useful in the phenotypic characteriza-
tion of environmental strains where greater gencetic diversity
occurs. although the current cost per panel (55.65) seens
unrcasonably high for routine laboratory use,
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Recent studies have resulted in the proposal of a new species, Aeromonas schubertii (mapnitol, sucrose, and
indole negative), formerly termed Enterie Group 501, on the basis of the study of seven strains isolated from
the southeastern and southwestern United States and Puerto Rico. We have isolated two phenotypically similar
A, schubertii strains from infected human wounds sustained in the Chesapeake Bay area. Their identifieation
was confirmed by DNA-DNA hybridization to the Centers for Discase Control definition strain 2446-81 (ATCC
43700) for group 12. The strains were further examined for the presence of virulence-associated markers:
hemolysin, hemagglutinins, cytotoxin production, agglutination in acriflavine, resistance to normal human
serum, and autoagglutination phenotype. Both strains were positive for hemotysin by the plate assay, eytotoxin
production at F: 10, and DNase and protease, They were resistant to human serum and negative for acriftavine
agglutination, and only once of the strains was autoagglutination positive. Both strains were negative for ¢ell-
free hemolysing hemagglutinins, pectinase, and chitinase. These isolations of A. schubertii further extend its
previousty deseribed geographice distribution and reinforce its role as o primary causative agent of celiulitis with

possible increased antimicrobial resistance,

The acromonads are autochthonous inhabitunts of aquatic
environments ranging from 0 to 37 salinity (14), They are
generally distinguished as being glucose-fermenting, faculta-
tively anacrohic gram-negative rods that are ovidase posi-

tive. resistant 0 O 129 (Vibriostat), and motile by means of

a polar flagellum. In the Last 10 years. Acromonas spp. have
been implicated as the causative agents ina variety o human
wound infections ranging from cellulitis to osteomyelitis.,
Additionally. a strong association between several of the
Acromionay spp.and gastroenteritis has been established
(1D, However, until recently most studies involving Aero-
monas spp. have shown an absence of thorough phenotypic
confirmation to the species level.

In tuct. systematic classitication of Aeromonas spp. has
been in o state of flun since the carliest isolations by

Zimmerman in 1890 and Sanarelli in 1891 . In 1976, Popoll

and Veron (200, using the method of numerical tinonomy,
proposed the species Acromonas hvdrophila twith biovars
Nypand Xorand Aeromonas sobria sp. nov. This proposal
was followed in 191 by the study of Popoff et al. (21, who
used DNA-DNA homology to show that three species were
distinguishable: A Ivdrophila, A sobria, and Acronionas
caviae (formerly the Xo biovar of AL hivdrophila). However,
owas also determined that cach of these three species
coniained at feast two or three distinet genotvpes or hybrid-
ization groups. This obscrvation indicated that there were
additionad species that could not be identified by curremt
methods of phenotypic analysis. Fanming et ol (6. R,
Faoning, 1. W Hichkman-Brenner, )1 Farmer HT and DL T
Brenner, Abste. Anno. Meet. Am. Soc. Microbiol, 1983,
CH6, p. 39 confirmed and expanded Popott™s originad
hybridization results to melade 910 12 DNA hybridization
groups. Newly described species represent some ol these
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groups: e.g.. Acromonas media (1) is associated with group
SAL Aeromonas veronii (61 is associated with groups 8 and 10
(6, 15), and Acromonas schubertii (5) s associated with
group 12,

The most recent of these proposed new species s AL
selueherdi tmannitol, sucrose. and indole negative), formerly
termed Enterie Group 301, The proposal to recognize A.
scliebertii s based on the stady of seven strains isolated
from the southeastern and southwestern United States and
Puerto Rico (5). We have asolated and characierized two
phenotypically similar AL sclubertii strains from infected
human wounds sustained in the Chesapeake Bay arca. Their
identification wis contirmed by DNA-DNA hybridization to
the Centers for Discase Control definition strain for group 12
LATCC 437000, These strans were additionally evaluated for
the presence of potential vitulence-associated trats,

MATERIALS AND METHODS

Case history, The two strains of AL scludbertii examined in
this study. AMC TT08-87 and AMC 4396-87, were isolated at
Marvland Medical Faboratory, Ine. (Baltimore, Md.). in
Avgust 1987, from leg wounds of a 37-vear-old male and a
do-yeur-old  fenale. respectively. whose  exposures 1o
aguatic environments could not be determined. Strain AMC
TOS-87 was isolated as the predominant organism of a mixed
culture that also had o moderate growth of Emterobacter
oacae, white stram AMC 4396-87 was isoluted in pure
culture.

Adetialed case history was available for onfy one of the
paticnts, a do-vear-old female. who presented at a health
clinic on 11 Angust 1987 with no preesisting conditions other
than an mjury o her deg sustained duving o fall. Her
condition was dusgnosed as cellulitis, and diclonactllin (semi-
synthetic penicithng was prescribed. However, this treat-
ment proved inclfective, and the patient subsequently re-
turned to hiave the wound debrided and a specimen cultured.
The laboratory results were reported as heavy growth of
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TABLE 1. Biochemical reactions of three AL schuhertii strains

Reaction”
Test AMC AMC ATCC
110%-87 439h-K7 43700

Oxidase t + +
Sensitivily to (/129 - - -
String test - - -
Growth in nutrient broth plus:

077 NaC'l + + +

6.5 NaCl - - -
Motility + + +
ONP(y + + +
Citrate (Stimmons)' + + +
Nitrate reduced to nitrite + + +
H.S on triple sugar iron - - -
Indole production - - -
VP (O Mceara) - + -
VI)' - + -
Vl"l - + -
Growth in KON - - -
Esculin hydrolysis - - ~
Gelatin hydrolysiy' + + +
Lysine (Mocller) + + +
Ornithine (Mocller) - - -
D-Gilucose

Acid + + +

Gas - - -
Acid produced from:

Adonitol? - - -

t-Avabinose - - -
myvo-lnositol
D-Manniiol - ~ -
Raflinose
1 -Rhamnose - -

Salicin - - R
n-Sorbitol - -

Sucrose

“ONPG, o-Nirophemy I--Degalactopoy nnosude s VP, Voges-Prashauer.

"o UNegative at end o appropriate incubation period: . positive at 24 hot
end of apprapitate incubation penod

© Results obtained with APL 201,

Y Results obtaimed with MicioScan Gram Negative anel 7

AL hvdrophila. and an oral cephalosporin (300 mg (wo times
daily) was prescribed. The patient returned 4 days later for
Todoform packing and dressing and 6 days Later for a tinal
debridement and sterile gauze redressing. Upon completion
of the 158-day regimen of oral cephalosporin treatment, the
patient was completely recovered.

Bacterial strains. The Cvo strains ol AL schubertii were
quick-frozen in 2 ml of Trypticase soy broth with 107/
glycerol (Remel. Leneva, Kans and maintained at - 70°C
and subscquently subcultured o “Tey pticase soy agar slants
(BBL. Microbiology Systems, Cockeysville, MdL) and main-
tained at room temperature (18 to 28 C) Unless stared
otherwise, all analyses were performed at 36 ¢+ 1 C.

Phenoty pic analysis, All of the standard identification tests
(Tuble 1y were performed either by conventional methods (7.
17.20) with media and biochemicals obtained from Remel or
by rapid identfication methods with AP 20F (Analytab
Products. Plunview. N.Y.). MicroScan Gram Negative
Combo Panel 7 (Baxter Healtheare Corp.. MicroScan Divi-
sion, West Sacramento. Calif’ ), and Biolog GN Microplate
(Biolog. Inc.. Hayward. Calit).

DNA relatedness analysis. DNA-DNA hyvbndization was
conducted in duplicate by using the batch hydrosyipatite
thermal clution procedure (2. 3). DNA (rom the definition
strain of AL scluhertii (ATCC 337000 wis nick translated
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TABLE 2. DNA relatedness of the type steain of AL schubertii
to strains AMC T108-87 and AMC 4396-87

Relatedness 147y
to labeled DNA

Source of unlabeled of AL sehaberni dlTm
DNA ATCC 43700 ey
;() ¢ 78°C
A schubertii
2446-81" (ATCC 43700 100 100 0
1108-87 97 90 2.8
4396-87 96 100 1.2
V. parahaemolyvticus (ATCC 27969 2

*dTm. Difference i melting temperature between cach homaologous and
heterologons DNA compley,

with P (NEK-004: Dupont, NEN Research Products, Bos-
ton, Mass.) and reacted with unlabeled DNA from repre-
sentative Acromonas isolates at both the optimal reassocia-
tion temperature of 60°C and the stringent  incubation
temperiature of 75°C. Refatedness wias expressed as the
refative binding ratio (RBR) and as the divergence in the
melting temperature (d'Tm) (Fable 2). RBR was caleulated as
a percentage to enable determination of similarity between
strains, RBR values of 7097 (for reactions at 60°C) and 5577
(for reactions at 75 C) were considered the cutof values for
DNA relatedness.

The dTm. expressedin degrees Celsius, is the difference in
mclting temperature between cach homologous and heterol-
ogous DNA duplex. A dTer vidue of §°C was considered the
cutofl value for DNA relatedness.

Control reactions, in which labeled DNA was incubated in
the absence of unlabeled DNAL were included. and the
label-only control values were subtriacted for all reactions
before the RBR wis calculated.

DNA from Vibrio paralacemolviicus (ATCC 17802) was
used as anegative control for the DNA-DNA hybridizations.,

Potential virulence-associated assays. (i) Autoagglutination
and acriflavine agglutination. The  determination as to
whether these strinns spontancousty pelfeted in broth (SP ')
or pelleted onlv after boiling (PAB ). as well as slide
agglutination tests with acriflavine and with prepared O:11
antisera (16) (kindly provided by T. M. Janda, Berkeley,
Calif), were done by the method of Landa et al, (12).

(i) Exoenzyme analysis, serume resistance, and cytotoxin
assays, The strais were examined tor the presence of the
extracellular enzymes DNase, protease. pectinase. and chiti-
nase by methods previousty described (8, 13), Serum resis-
tance was determined as previously described (191 by chal-
fenge of 6 < 10" 0 3« 107 CEU of cach strain against 6577
pooled human serum. Cytotoxin assays were performed on
HEp-2 monolayers as previously deseribed (12).

(iii) Hemolysin assay. This was performed by both the plate
and tube methods. In the former. cach striin was spot
inoctlated to Trypticiase soy agir plates with 8¢ sheep blood
and Trypticase soy agar plates with 87 horse blood (Remel)
and incubated at both 37 wnd 22 € tor 2 days. The strains
were also tested for celb-fiee hemolysin, This involved
growth in brain heartinfusion broth overnight at 37 C in both
static amd shaken colture conditions, The shaken cultures
were rotated onan orbital shaker at 100 rpm. followed by
low centnfugation and filtration of the supernatants throuch
a 0S-pme-pore-size Acrodise filter tGelman Sciences, Inc..
Ann Arbor. Micho. The supernatants were then tested in
seriad twotold ditutions in phosphate-bultered saline against
177 (vol:voh rabbit cells with incubation at 37 C for 1 h,
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TABLE 3. In vitro susceptibility of three AL schuberdii strains 1o 17 antimicrobial agents

MIC (ugiml isusceptibility)

Antimicrobial agent

ATCC 43700 AMC 1108-87 AMC 4396 87

Amikacin =
Ampicillin
Cefazolin

Cefoxitin

Ceftazidime

Ceftriaxone

Cefuroxime

Cephalothin

Ciprofloxacin

Gentamicin

Imipenem

Piperacillin

Tetracycline
Ticarcillin-potassium clavulanate
ricarcillin

Tobramyvin
Trimethoprim-sultamethoxazole

rr
v
$a

VA AN A A A A A A A TR A A

N — DO e
[}
(VT
>
-

<(0.5/9.5->-2.0/38

418) 84(8) >0 (R)
16 (R) 16 (MS) >16 (R)
16 (MS) R (S) >16 (R)
<2248) <2(8) <2(8)
-.24(8) 248) <2 (8)
<44(8) <4 (S) <4(S)
<248) <2(8) 8(S)
<R (S) ~BUS) <8 (S)
<1(8) <14(8) <1(8)
248) 4(8) 4(8)
<1(S) <1(8) 28
<8 (S) <8 (8) <R (S)
<4 (S) <4 (8) <45
< 8(8) <8 (S) <8 (S)
<8 (S) BA(S) 64 (IMS)
448 6 =6 (R)

<L.5/9.5(8) “4L5/9.5(8) <0.5/9.5(S)

“ Therapeatic guide based on National Committee for Chinical Laboratory Standards MI00-28: S suseeptible: R, resistant: MS. moderateiy susceptible: |

intermediate.

followed by refrigeration overnight before the final reading
was made.

Hemagglutinins, Strains tested for the presence of hemag-
glutinins against rabbit, sheep, and rat (glutaraldehyde-fixed)
erythrocytes were grown overnight on colonization factor
agar at 35°C and suspended in phosphate-buffered saline to a
concentration of ca. 10" 10 10 CFU/mL. Then, 20 ul of this
suspension was added to 20 pd of 347 (vol/voly erythrocytes
and mixed on a rocked-tile plate for 10 min at 60 rpm. The
controls were Excherichia coli 1Y-72 and 1.Y-91 hemagglu-
tinin type 2 (J. Wong. M. A. Miller. and J. M. Janda,
unpublished method).

Antibiotic susceptibility tests. Antibiotic susceptibility was
determined by using the MIC microtube method following
the standards for interpretation of the National Committee
for Clinical Laboratory Standards. We determined the MICs
of 17 of the most recently prescribed antimicrobial agents in
a 96-well-microdilution plate, the MicroScan Gram Negative
Combo Panel 7, and the results were interpreted and re-
corded both manually and with an AutoScan-4 reader with
computer-assisted analysis by an IBM PS-60. The antimicro-
bial agents and concentrations are listed in Table 3.

RESULTS AND DISCUSSION

Continuing interest in the acromonads has intensified the
efforts towards classification of this group. Including the
work of Hickman-Breaner et al. (6) and Schubert and Hegazi
(22), there are now seven recognized or proposed species: A.
hydrophila, A, sobria, A, caviae. A, media. Acromonas
salmonicida. A, veronii, AL schubertii, and Acromonas en-
crenophila,

The newest species. AL schubertii, is represented by DNA
hyhridization group 12 and to date has been isolated from
abscesses, wounds, skin, pleural fluid, and blood (5). In
comparison with other Aeromaonays species, A, schubertii is
negative for the fermentation of p-mannitol, sucrose. 1 -
arabinose. and salicin: negative for indole production: and
negative for esculin hydrolysis (5). The two clinical strains
described herein further support the chnical significance of
this particular species. Additionally, their isolation from the
Chesapeake Bay arca extends the geographic range previ-
ously described for this species.

Presumptive identification. Our strains. AMC 1108-87 and
AMC 4396-87. showed the minimal characteristies for the
genus Acromonas. i.e.. fermentative, motile gram-negative
rods. oxidase positive, resistant to O/129, string test nega-
tive, not requiring NaCl for growth, not growing in 6.5
NaCl. and reducing nitrate to nitrites.

The strains were presumptively identified as A, Ivdrophila
group on AP 20E. but with an identification of *“doubtiul
profile™ for AMC 1108-87 and “"good likelibood but low
selectivity™ for AMC 4396-87 by the APl computer data base
becatise of the presence of negative reactions for indole.
mannitol. and sucrose. The profile numbers generated were
7206004 for both AMC TTOR-87 and ATCC 43700 and 7207004
for AMC 4396-87. Howeser, it should be noted that the API
20 data base is constructed only for A hvdrophila, A.
sabria, A caviae, and AL salmonicidu,

The MicroScan Gram Negative Combo Panel 7 system
gave an identification of AL hvdrophila (probability. 99,97
correct) for only one of the strains, AMC 4396-87 (biotype
no. H000018-1), whereas it identified both AMC 1108-87 and
the ATCC 437000 strain as Vibrio mimicus (probability,
99.9¢ correct) with the biotype no. J000405-1. 1t should be
noted that the MicroScan Data Management System did
twinderscore the negative mdole reaction for these latter two
strains as being atvpical. Likewise, the MicroScan Data
Management Systemvincludes AL hvdrophila. AL sobria, and
AL caviae only.,

[Further characterization of these strains by the taxonomic
schema of Popolb and Veron (200 and Janda et al. (13) and
comparison with published results for the type strain A.
schabertiv (5) revealed the three strains 1o be essentially the
same biochemically. Conversely. only AMC 4396-87 was
Voges-Proskauer positive with the three different methods
for detection of acetoin (Table 1), The Bioler Panel wis used
to analyze these strains for utilization of b srabitol. cellobi-
ose, eryvthritol, p-galactose, glyeerol, mvo-inositol, lactose,
niltose. D-mannose, melibiose, and trehalose as sole carbon
sources. OF these, p-galactose. glyeerol, maltose. p-man-
nose. and trehadose were wtilized by all three strains while
the remainder gave negative results,

Both of these strains were weakly beta-hemolytic on
Trypticase soy agar with 877 sheep blood and strongly
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beta-hemolytic on Trypticase soy agar with 5% horse blood
after 24 h of incubation at both 35 and 220, A'TCC 43700 has
been described as gamma-hemolytic on Trypticase soy agar
with §% sheep blood which we confirmed but further noted
that it was beta-hemolytic on Trypticise soy agar with 34
horse blood after 24 h at 36°C.

Confirmed identification. The results of the DNA hybrid-
ization work showed a close relatedness between these two
strains and the DNA group 12 definition strain ATCC 43700
(96 10 100%7), which confirmed the identification of these
strains as AL schubertii CFable 2).

Virulence-associated assays. Prior studies have shown u
vartation in virufence between species of Acromonas (9, 10),
For this reason, it was considered appropriate to investigale
these strains for the presence of virnlence-assoctated mark-
ers. ‘The results for cell-free hemolysin, hemagglutinine
cytotoxin, pectinase, and chitinise were essentially negative
except that both AMC 4396-87 and AMC 1106-87 were
positive for cytotoxin production at a 1:10 dilution when
grown under acrated conditions.

However. it is noteworthy that both strains were positive
for hemolysin by the plate assay and were positive tor
DNuse and protease. They were resistant to serum. with
AMC 4396-87 showing a slightly higher serum resistance
value than AMC TT08-87 (0.82 and 0.42. respectively). Also
of interest is the negative acriflavine agglutination reaction
which usuvally correlates with virufent strains (18).

Finally. the autougglutination results revealed AMC 1108-
87 1o be AA  (autoagglutination negative), ATCC 43700 to
be SP'L and AMC 4396-87 1o be PAB . Testing o AMC
4396-87 against the O:11 somatic antisera previously de-
seribed resulted in 47 agglutination with all three antisera
and led 1o the conclusion that this strain is most likely a
rough strain. [Uis theretore unlikely that this strain possesses
the S laver that has been associated with invasive diseise in
certain populations of AL hvdrophila and AL sobria (12).

Antibiotic susceptibility. The two strains had antibiograms
typical of other Acromaonas strains. ... resistance o ampi-
cillin (strain AMC 1108-87 was actually considered moder-
ately susceptible) and susceptibility to gentamicin and tetra-
cychne (Table 3 Additionally . AMC 3396-87 was resistant
to amikacin, tobramyein. and cetazolin: theretore. it was the
most resistant of the three strains tested. Otherwise, the two
striins as wellas ATCC 43700, were very susceptible to the
majority of the cephalosporins tested t(cephalothin, cefovi-
tin, ceftriavone, and cefuronime). as well as the newer
beta-factam-inactivating  drug  tearcilin-potassium  clavu-
lanate and the quinolone ciproflonacin.

In summary. we have confirmed that A, schubertii should
be considered when an organism resembling the acromoniads
is isolated from a wound infection. Furthermore. its range ol
isolation has been extended up the mid-Atlantic coast region
to the Chesapeake Bay.

Aoschuberti will mostlikels beadentitied as AL hvdrophila
group or AL fovdrophila by rapid identiication systems such
as the APL 20E or MicroScan. vespectively. However, the
atypical reaction profile tmannitol, sucrose. and indole neg-
ative) should alert the clinical microbiologist that turther
identification tests e indicated.

Although many of the virulence-associated markers exam-
ined were absent in these strains, it s apparent that, at least
in the case of AMC 4396.87, 4,
causing primary cellitis, AMC 4396-87 appeanrs 1o be some-
what more resistant than other AL schubertii strans de-
seribed to date in that it is suseeptible to gentamicin but
resistant to tobramycin and amikacin.

schubertii s capable ol
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A final consideration is thut these strains of A, schubertii
represented 2 of SO Acromonas species isolated in the same
luboratory over a 12-month period from various clinical
spectmens and may suggest a higher frequency than might be
suspected otherwise,
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Abstract

Environmental parameters of Aeromonas and Plesiomonas are reviewed and comparisons are made within
and between the two genera. Because of the presumed disparity between ‘so-called’ environmental and
clinical aeromonads, the two groups are reviewed particularly in relation to observations made by
investigators studying these organisms using various biotyping methods. A retrospective analysis of clinical
and environmenta! strains from one of our original stu-ies is presented after utilizing the most recently

available taxonomic criteria.

Aeromonas and Plesiomonas are autochtho-
Nous to the aquatic environment. While their
respective niches in the environment have not
been clearly elucidated, both have been implicated
as aetiological agents in human and animal
disease.

The aeromonads are oxidase-positive, motile
non-motile,  facultatively  anaerobic, Gram.-
negative rods that have undergone several
generations of taxonornic reclassification. Current-
ly, Aerornonas hydrophila, A. sobria, A. caviae, A.
salmoricida, A. media, A. veronii, A. schubertii and
A. eucrenophila are validated or proposed species.
Most of these species are associated with fresh
and estuarine waters (1), sediment, soil and sludge
(2). A. hydrophila, A. sobria, A. caviae, A. veronii
and A. schubertii have been isolated from human
infections. Reports of Aeromonas isolation from
various domestic and wild animals, warm- and
cold-blooded, are fairly common, including
from many avian
species. Diverse forms of disease in bird
populations, some epidemic, have been attributed

Correspondence and requests for reprints should be
addressd to Dr. S. W. Joseph.

Identifications are at variance in scme instances with previous designations,

to Aeromonas spp. (3, 4). Because of the
frequency of isolation of Aeromonas from various
types of birds, it has been conjectured that these
avian populations may serve as a significant
reservoir for aeromonads in aguatic environments,
especially in open municipal water supplies (5).
Aeromonads constitute a large proportion of the
total microbial population in river water samples,
particularly in highly polluted {not necessarily faecal)
environs (6, 7). The resilience of these organisms
is further illustrated by the isolation of A. sobria
from chlorinated drinking water supplies (8).

A. hydrophila is pathogenic for fish at particular
temperatures in water exhibiting temperature
gradients 19, 10, 11). A. salmonicida virulence in
fish appears to be associated with an A-layer (cell
surface virulence associated factor) (12), and
possibly with the ability to exist in a dormant phase
outside of fish (13). Atypical groups of A
salmonicida have been revealed via DNA
relatedness (14) and heme requirement studies
(16). Dooley and Trust (16) proposed that strains
of A. hydrophila, which are most virulent for fish,
dppearto possess a surface array protein (S-layer).

The frequent isolation of Aeromonas from

\/
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commercial beef, pork, poultry, fish and produce
from retail stores (17, 18, 19) and the increased
suggestion of its significance in human diseases
mandate studies that would facilitate identification
of virulent strains in these food sources and in well
water (20) and municipal drinking water (21, 22).
Likewise, the increasing number of reports of
Plesiomonas outbreaks (23, 24), especially in
relation to raw oyster consumption and sporadic
disease (25). suggest the need for similar studies
with this organism.

Plesiomonias is an oxidase-positive, Gram-
negative red that has previously been considered
to have some of the attributes of Shigella, thereby
accounting for the singular species designation
shigelloides. ~ Formerly designated as either
Paracolon C 27, Aeromonas shigelloides or
Pseudomonas shigelicides, this organism is
tecognised as an autochthonous bacterium in
fresh and estuarine waters and as part of the
opportunistic. common flora of finfish (26),
shellfish, and reptiles, particularly in tropical and
sub-tropical climates. Qutbreaks of infection in
humans indicate that Plesiomonas associated with
oysters is an attributable risk factor in diseases of
this nature (23). Plesiomonas has been isolated
from healthy human carriers (0.78%) at very low
rates, and from dogs (3.8%), and cats {10.2%) in
Japan (27). Similarly, Van Damme and Vandepitte
(28} have isolated P. shigelloides from cattle, pigs,
dogs, and birds. 1t can also be isolated from fresh
water {29) and on occasion from sea water (30).
Serotyping  of  Plesiomonas has  been
accomplished by Aldova (31'. who recently used
34 O and 19 H sera to test 169 strains of diverse
geographic origin and found 017 to be the most
frequent serovar in OMH serovar combinations
017:C,017:dand 017:f.

In contrast to Aeromonas, P. shigelloides does
not multiply in temperatures below 8°C, which
probably accounts for seasonal variation of
isolations from river water in temperate climates.
Miller and Koburger (32) found that both
environmental and clinical strains could grow in
Trypticase Soy Broth supplemented with 4% NaCl
at pH 4.5-8.5, in which condition only 22% of the
strains were able to grow at 8°C and 25% at 45°C.
Hug and co-workers (33) found isolation rates of
Plesiomonas from the water samples of the
Buriganga River and Dhanmondi Lake in
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Bangladesh to be much higher when incubated at
44°C. Aeromonas spp.. the usual confounding
organism at 37°C incubation, was inhibited at this
higher temperature.

Attempts thus far to biotype aeromonads and to
separate environmental (so-called avirulent) strains
from human virulent strains have met with varying
success and there is presently no conclusive
means of separating the two groups. In
comparing  biochemical characteristics  and
virulence factors of 147 clinical strains from
patients with diarrhoea and 94 strains from
metropolitan water supplies, Burke et al. {(34) found
that many of the strains from water had properties
identical with those of clinical isolates suggesting
that such strains were potential enteric pathogens.
Haemagglutination patterns appear to differ
between the ‘wo groups (35), as do virulence
features based on suckling mouse assays (36).
Nishikawa and Kishi  (37) found that
haemagglutination patterns in diarrhoeal stools did
not seern to correlate with source although some
agreement was found according to species, with
A. sobria being positiv: more frequently (43%)
than A. hydrophila (20.5%) and A. caviaz (8.3%).

Picard and Goullet (38) used enzyme
electrophoresis to distinguish and compare
Aeromonas  isolates from human clinical
specimens and tap water In a hospital

environment. Aithough they were unable to show
consistent similarities among strains in the two
groups, prophylactic measures ware implemented
and appeared to reduce the inciderice of
nosocomial iliness resulting from Aeromonas
infections.

By use of phage lysotypirg, Geiger et al. (39)
were able to show an epidemiological relationship
between the strains of Aeromonas isolated from
the aquatic environment and those of human
clinical origin. Using 95 bacteriopirage strains,
they were able to establish correlations hetween
80% of the strains from both sources, thus
concluding that these same strains could be
present in aquatic and chinical environs.  They
surmised that these results substantiated the
supposition that the aquatic environment is an
importaint  reservoir of potentially pathogenic
aercraonads.

Although piliation seems to be a. teast one of the
important features which dictate adherence, there
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is some difference of opinion as to the frequency
and type of piliation of clinical and environmental
strains (36, 40, 41). Carello (41) found 0/29
environmentai strains to be adherent to HEp-2 cells
(>20 bacteria/cell) although all were heavily
piliated. They found that environmental strains
generalty have an S-iype pilus while clinical strains
seem to have a more adherent L-type pilus,
explaining that the S-type pilus may play a role in
the survival of Aeramonas spp. in environmental
habitats. Conversely, Kirov et al. (36) found a
marked absence of pili on clinical strains as
compared with environmental isolates. This was
in contrast to the findings of Daily et al. {40), who
found pili to be present more frequently in clinical
strains.

Notermans et al. (42) analyzed a large group of
environmental and clinical strains representing the
three major species (A. hydrophila, A. sobria, and
A. caviae) for “Asao” toxin and found virtually no
difference between aeromonads from human
sources and those of environmental origin.

Daily et al. (40) also showed that a significant
number of strains from the environment were
putentially paihogenic biotypes based on the
presence or absence of numerous virulence-
associated features. Based on prevailing
taxonomy at the time, the strains were identified to
the species, A. hydrophilaand A. sobria, only. The
majority of the clinical isolates were A, sobria.
There seemed to be two subsets of organisms
representing these two species; one which was
virulent and the other, avirulent.  These
conclusions did not consider the possibility of
additior:al species, biotypes or genotypes.

We have noted that much of the early literature
on Aeromonas contain- either minimal or no
species designation or identifies all isolates as A.
hydrophila, although some reports have provided
biotype info:mation, e.g. where positive lysine
decarboxylase (LDC) and Voges-Proskauer (VP)
reactions appeared to correlate with cytotoxin
production (43). We now know that these are
characteristics of A. hydrophila and A. sobria, since
A. caviae does not generally yield positive
reactions for VP or LDC.

Using recent information on classification of
Heromonas and improved methodologies, we
{SWJ. RW and DR, coinvestigators in the present
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article) have retraspectively re-examined many of
the strains from the study noted above 140), the
purpose being to update the classification of these
strains, and based on the results, to re-assess our
original conclusions.

Materials and methods

Bacterial strains

The strains ior this study (Table 1) were
maintained at -70°C in Trypticase Soy Broth with
10% glycerol added.

Strain characterization

Strains  which were oxid~se-positive and
resistant to vibriostat (0/129) (150ug/ml) were
presumptively placed in the “Aeromonas
hydrophila-complex” with the APl 20E (Analytab,
Inc.. Plainview, NY).

Identification to species was done using
conventional methods (44, 45, 46} and media
(Remel, Lenexa, KS). These tests inciuded
haemolysin and indole production, reaction on TSI,
inhibition by KCN, esculin and bile esculin
hydrolysis, acetoin production (VP), productinn of
gas from glucose, lysine and ornithine
decarboxylase production, and fermentation of
arabinose, salicin, mannitol and sucrose. Unless
noted otherwise, all of these tests were performed
at36°C+1°

Results and discussion

Qur earlier work {40) showed that subsets of A.
hydrophila and A. sobria were either avirulent or
less virulent when inoculated intraperitoneally in
mice (lethal dose 50%, LD,,>107) than the
potentially pathogenic group (LD50<1O7). Since
this study was accomplished before A. caviae was
commonly considered for identification purposes,
it was of interest to determine iicw many of these

strains, particularly in the . 0, ,> 17 group, were of
this species. Currentiniorniation s.gu.ots that A,
caviae is a less virulent orgnnisi thar, ither A,
hydrophila or A. sobria. Five ui 1 ; {-tteen, which

were re-examined, are different species thun the
original designation and four others are atypical in
two or more of the features characterizing the



TABLE | — PHENOTYPIC CHARACTERISTICS OF 15 AEROMONAS SPP. FROM CLINICAL AND ENVIRONMENTAL SOURCES

StranNo. Lsb Source Onginal LD Ox- Vibrio- TSI Indole Haemo- KCN Escukn  Bile VP< Glucose  Lysne Orni- Arabi- Salr Man- Suc- Fresent
(Daily No. Idenuti- dase stat lysin Escu- {Gas thine nose cn  nitol rose identification
etal, cation (07129} lin @ 37°C)
1981)
2 NMRI203 G tract A.sobria 41+ R AA 4+ B w+ + + + - + - + + + A hydrophila
3 NMRI204  Sputum A. sobria 43 =+ R K/A + 1Y + + + + + - + - + + A hydrophila
4 NMRI208 G.I tract A. sobra 44 + R K/A + wil - - - - - + - - - + — Atypical A.sobna?
5 NMRI7 Leg wound A hydrophila 45 + R AA + 13 + + + - + - + - + + Atypical A. hydrophila
€ NMRI 54 Environment A sobna 45 + R AA 4+ ] + + + + + + - + - + + A hydrophila
7 NMRI6 Legwound A. sobna 46 + R A/A + ] - +— +1- + + + - - - + —~ Atypical A sobria
8 NMA(SS Envionment A hydrophila 46+ R A/A + ] + + + + + + - + - + + A hydrophila
10 NMRI13 Ervironment A hydrophida S4 4+ R A/A + 1] + + + w+ + + - + + + + A hydrophila
12 NMRI206 Gl tract A. sobna 59 + R AA + wil - - - - + + - w+ - + + A sobra
3 NMRI 56 Envi-~vment A hydrophda 65 + R A + wid + + + + + + - + + + + A hydrophila
15 NMRLS Lung Ahydrophila 69  + R AA o ] + + + w4 + + - + + + + A hydrophila
16 NMR!'4 G tract A sobna 73+ R A/A + ] w4+ - - + +- - - - - + + Atypaal A subria
17 NMRI209 G ! tract A sobna 75 + R AA 4+ x + + - - - - + + + + A caviae
22 NMR! 16 Environment A hydrophila 8.2 + R AA + ] + + + + + - + - + + A hydrophila
23 NMRI2 Environment A hydraphida 84  + R AA o+ x + + - - - - + + + + A caviae

*LD,, = lethai dose 50%
"Gas exhibited by all strains except nos. 2, 4, 5 and 17

VP = Voges-Proskauer

“Presumptrve Group 9 genotype
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assigned designation {Table {). Six remained
unchanged {Table l). In fact, 2/15 proved to be A.
caviae, which 1ad given LD, 's of 10® and 10%*,
respectively. -However, two other strains with
LD,,>10". Ho.4 and No. 16, were not A. caviae and
are correct as originally identified. However, we
now refer to No. 4 as atypical A. sobria because of
the atypical reactions shown in Table Il. This
strain, as well as No. 7, was unable to ferment
sucrose. Based on the studies of Arduino et al.
(Arduino, MJ, Hickman-Brenner FW, Farmer JJ, ill.
Phenotypic analysis of 132 Aeromonas strains
representing 12 DNA hybridization groups. 2nd
Irternational Workshop on Aeromonas and
Plesiomonas, 1988:37) we suspect that strain No.
4 1s a member of DNA hybridization Group 9 of
Fanning et al. (Fanning GR. Hickman-Brenner FW,
Farmer JJ, lll, Brenner DJ. DNA relatedness and
phenotypic aalysis of the genus Aeromonas. In:
Abstr. Ana. Mtg. Amer. Soc. Microbiol, C116,
1988:319).- Strains No. 7 and No. 16 are now
regarded as atypical A. sobria, while No. 5 is an
atypical A. hydrophila (fable [l). Although strains
No.3and No. 6 are salicin-negative, A. hydrophilais
the most appropriate designation for these two
strains, rather than the original identification, A.
sobria.

Of the 15 strains, 9 were from clinical and 6 from
environmental sources. In contrast to our earlicr
speculation that A. sobria was the predominant
clinical aeromonad, our current findings show that
there are 4 A, sobria, 4 A. hydrophila, and 1 A.
caviae from clinical sources, thus approximating
the frequency coserved in some receit reports

Joseph et al.

t1s presumptively identified as belonging to
hybridization Group 9, pending confirmation by
DNA hybridization analysis. A. hydrophila
comprises 5 of the 6 environmental strains with A.
caviae being the remaining strain.

in a study of a diver's wound infection in 1979
(48) strains No. 5 and No. 7 were isolated
simultaneously and identified as A. hydrophila and
A. sobria, respectively. At the time, it was
considered unusual to find two species of
Aeromonas occurring together and was the first
occasion for A. sobria to be reported from a human
wound. It is interesting that now No. 5 is
identified as an atypical A. hydrophila and No. 7, as
an atypical A. sobria.

This study considers the changing dynamics of
Aeromonas taxonomy in the last decade and
exemplifies the importance of correct identi-
fication and biotyping if we are to compile accurate
epidemiological evidence related to aeromonads.
It is encouraging that more investigators are
becoming interested in this subject, and with
additional input, many of the existing questions of
taxonomy should be resolved, thus allowing us to
move on more definitively to the question of
virulence amongst the numercus genotypes of
Aeromonas.
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(47) (Table lil). One of the A. sobria strains, No. 4,
TABLE Il - LIST OF ATYPICAL AEROMONAS SPP.
Strain No. Identification Atypical reactions
420 Atypical A. sobnia VP, Gas frum glucose, sucrose
5¢ Atypical A. hydrophila Gas from glucose. salicin
7 Atypical A. sobria Esculin, sucrose
16 Atypical A. sobria KCN., lysine

"Phenotypically resembles DNA hybridization Group 9 of Fanning et al. (Fanning GR, Hickman-Brenner FW, Farmer JJ,
ill, Brenner DJ. DNA relatedness and phenotypic analysis of the genus Aeromonas. In: Abstr. Ann. Mtg. Amer. Soc.
Microbiol, C116, 1988: 313)

Y“These strains produced gas from glucose after 24 Lours when incubated at 22°C.
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TABLE IIl - RECAPITULATION OF STRAINS AND S-JURCES

Present Number Strain
identification of strains number Sources
{N=15)

A. caviae 2 23 Environmental
17 G.I. Tract

A. sobria 1 12 G.1. Tract

A. hydrophila 8 10,22 Environmental
15 Lung (Morgue)
6,813 Environmental
2 G.1. Tract
3 Sputum

Atypical A. sobria 1 4 G.I Tract

(Presumptive group 9)

Atypical A. sobria 2 16 G.l. Tract
7 Legwound

Atypical

A. hydrophila 1 5 Legwound
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Negative pyrazinamidase activity was significantly associated with Acromonas sobria, and positive pyrazi-
Py iU ) U )
namidase activity was associated with A, hydrophila and A, cavige (x*, P -2 0.0001), The absence of
pyrazinamidase activity may be a potentially significant phenoty pic marker for A. sobria.

Acromonads are ubiquitous gram-negative, aquatic micro-
organisms that can cause a wide variety of discases in
humans as well as cold- and other warm-blooded animals (4).
In the last decade. there has been increasing rescarch
centered on their relative pathogenicity for humans, espe-
cially with respect to species-ussociated virutence factors
(5).

However, with Acromonas taxonomy currently in a state
of flux, i.c.. having 12 or more DNA-DNA hybridization
groups (genotypes) within the genus (G, R, Fanning, . W.
Hickman-Brenner, J. J. Farmer I, and D. J. Brenner.
Abstr. Annu. Mecet. Am. Soc. Microbiol. 1985, C116. p. 319)
and & proposed and/or recognized species to date, virulenee
is difficult to assess. For example, Kuijper et al. (9) have
shown that only S of the 12 genotypes were found in the
examination of 142 diarrheal clinical strains. Further, it was
shown that the current scheme of classification is not sulli-
ciently discriminating, in that phenotypically similar A,
hydrophilu strains were genctically picterogencous and that a
suspected AL sobria could belong to cither DNA hybridiza-
tion group 8 (A, sobria) or group 10 (A. veronii).

Because we have been investigating several biochemical
characteristics for phenotypic classification of the different
DNA groups. we decided to examire pyrazinamidase activ-
ity. which has been extensively studied in Myeobacterium
spp. (8) and considered o differentiating feature in the
classification of Corvaebacterium spp. (11), Rhodococcus
spp.. and Nocardia spp. (12) and a virulence-associated
marker in the genus Yersinia (7).

Bacterial strains, There were 119 Aeromonas strains used
for this study. including A. hivdrophila. A. sobria. A, caviae,
Ao veroniico and AL schabertii, ‘The strains were collected
from 1985 10 1989 in several countries. including the United
States (1 — S6). Northeast Africa (1 - 45), Bangladesh (1 =
1D, Indonesia (1 - 1), and South America (n ~ 1), and
originated primarily from various clinical sources (n - 98).
The remaining acromonads (1 = 21) were from environmen-
tal. veterinary, and miscellancous sources. The definition
strains for the DNA hybridization groups 1,4, 10, and 12 and
a clinical American Type Culture Collection (Rockville,
Md.) strain representing DNA hybridization group 8Y were
included as controls (Table 1), The strains were maintained
at =70°C in tryptic oy broth (Difco Laboratories. Detroit,
Mich.) with 1057 glycerol added.

Strain characterization. Strains which were oxidase posi-
tive and resistant to Vibriostat (0/129: 150 pg/ml: Oxoid.

* Corresponding author,
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Columbia, Md.) were presumptively placed in the A, livdro-
phila complex with the APL20E (Analytab Products. Plain-
view, N.Y. . Identification 1o the species Jevel was accom-
plished by using conventional methods (2, 6, 10) and media
(Remel, Lenexa, Kane). Ornithine decarboxylase produc-
tion, mannitol fermentation, and indole production were
included to sereen tor the newer species. A, veronii and A.
schabertii, respectively. All tests were incubated at 36°C
I'C. Pyrazinamidase activity was assayed by using a sup-
plicd medium that contained tryptic soy agar (15 g; Difco),
yeast extract (1.5 g Sigma Chemical Co.. St. Louis, Mo.),
and Tris-maleate (0.2 M, pll 6. 500 ml) bufler and pyrazina-
mide (0.5 g2 Sigma) and was dispensed in S-ml aliquots into
serew-cap tubes (16 by 150 mm). astoclaved at 121°C for 18
min, and slanted (Remel). These slants were inoculated with
18- to 24-h bacterial growth taken from tryptic soy agar
(Difco} and incubated for 48 h at 36°C. One milliliter of 197
{wt/vol) freshly prepared ferrous ammonium sulfate (aque-
ous) solution was flooded over cach slant, and a positive
(pinkish rust color) or negative reaction (colorless) was
recorded after 1S min. Positive pyrazinamidase activity
indicated the prescnce of pyrazinoic acid resulting from the
action of the enzyme pyrazinamidase (7).

Increasing interest in the acromonads as disease-causing
microorganisms has resulted in numerous efforts to identify
these microorganisms definitively (4). Because of the current
state of taxonomic confusion surrounding acromonads, we
considered it imperative to start with strains that were well
characterized to the species level. We screened 119 well-
characterized Acromonas strains representing five species
from various geographical locales for pyrazinamidase activ-
ity, Of the 37 AL hivdrophila isolates tested, 35 (9567) were
positive. Both of the negative strains were environmental
isolates from the United States. Similarly, 49 of 53(93%) A,
cavige were positive. Negative pyrazinamidase activity was
detected in 23 of 2496770 AL sobria and ia 2 of 2 (10057) A.
verondi and 3 of 3 (10077) A, schubertii strains tested. The
one positive A, sobria isolate and four negative A. caviae
isolates were human fecal strains irom North Africa.

Using the chi-square goodness-of-fit test. it was estab-
lished that the proportion (percentage) of positives was
different among the three species AL Ivdrophila, A. sobria
and A. cavige. Further examination of the data implied that
AL sobria was distinet from the other two species (x7, P -
0.0001),

Our findings suggest that pyrazinamidase activity could be
a valuable phenotypic marker to assist in the differentiation
of A, sobria from A, hvdrophila and A, caviae. We propose
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TABLE 1. Sources of Acromonas isolates

No. of isolates

Organism Mis-  En-

(n) ATCC* Blood Fecal Wound cella-  viron- \'/c'lcr-

neous mental AT
A, hydrophila (373 1 1] 15 12 2 S 2
A. sobria (24) 1 0 20 2 0 1] 1
A. caviae (53) 1 1 41 4 1 2 3
A. veronii (2) 1 0 0 1 0 0 0
A. schubertii (3) 1 0 i} 2 0 0 0

“ DNA hybridization group strains used were A, Iivdrophila ATCC 7966
(group 11 AL sobria ATCC 9071 (group BY), A, caviae ATCC 15468 (group 4),
Ao veronii ATCC 35624 (group 10y, and AL schubertii ATCC 43700 (group 12).

that this test should be included in futtere biotvping seleme
for mesophilic acromonads. It is simple to perform, and
positive and negative reactions are easily interpreted.

The results obtained with a limited number of A. veronii
and A. sclibe 1ii strains suggest that this test may also prove
to be useful ror identifying these organisms. However,
analysis of a targer sample of these strains is indicated before
a final decision can be reached.

It has been proposed that A. sobria may indeed be the
most virulent of the aeron.onads causing human diseuse (1,
3). These observations, combined with the success obtained

using pyrazinamidase activity as a test for virulenee of

clinical Yersinia enterocolitica strains (G, P. Carter, 1. K.
Wachsmuth, V. L. Miller, S. Falkow, and J. J. Farmer 111,
Abstr. Annu. Meet. Am. Soc. Microbiol. 1988, C147, p.
356), suggest that negative pyrazinamidase activity might
also be a new virulence-associated marker specific for A,
sobriu and the two most recently described human patho-
gens A, veronii and A schubertii. Further studies are war-
ranted to determine the nature of this association, i.e.,
whether or not negative pyrazinamidase activity is related to
the presence of a virulence plasmid or some other as yet
undetermined property of these species.
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Aeromonas update: New species and global distribution

A. M. Carnahan* and S. W. Josceph

Department of Microbiology, University of Maryland, College Park ( Marviand 20742, USA)

Swmmary. There are currently cight proposed or validated Aeromonas spp. of which five have been implicated in
human disease: A. hydrophila, A. sobria, A. caviae, A. veronii, and A, schubertii. Recent studies have extended the
geographic distribution and source of isolation of the newer species and resulted in the possibility of two new species,
A. jandaei and oA trota, from diarrheal, wound, blood and environmental sources.

Ker words. Aeromonas: taxonomy:; biotyping: clinical.

Acromonads are oxidase-positive, polarly flagellated,
glucose-fermenting, facultatively anaerobic gram nega-
tive rods that are resistant to the vibriostatic compound
0129 and autochthonous to aquatic environments
worldwide **. There are currently cight proposed or val-
idated phenotypic species or phenospecies that reside
among at least 12 DNA  hybridization groups or
genospecies®. The genus consists of psychrophiles and
mesophiles from aquatic and soil environments encom-
passing a diverse disease spectrum among many warm-
and cold-blooded animals”.

The carlier literature focused on all acromonads as
Acromonas livdrophila, but several large studies have
shown that the majority of clinical isolates fall within
three species * ' Aeromonas hydrophila (group 1), A.
sobria (group 8), and . caviae (group 4). However, in
recent years two new species, . veronii (group 10) and A,

schhertii (group 12). were proposed as possible causes of

human discase *® and one new environmental species., /.
cucrenophila (group 6). was delineated 'Y

AL verowdi (group 10) was originally published as a new
DNA group of ornithine decarboxylase-positive, esculin-
positive, and arginine dihydrolase-negative acromonads
that may cause diarthea®, However, they were later
found to be geneticaliy identical to DNA group 8 A.
sobria. This group includes nearly all clinical A. sobria
isolates hybridized to date. Since the type strain for A.
sobria (CIP 7433) resides in DNA group 7. it is now
considered that DNA group 8 A. sobria is an ornithine-
negative, esculin-negative, and arginine-positive  bio-
group of . veronii (A. veronii biogroup sohria).

A, schubertii (group 12) is also a new DNA group of

mannitol-negaive, indole-negative acromonads isolated
from traumatic wounds and blood ®. A. eucrenophila was
proposed as a new species with the type striin ATCC
23309 and is actually an acrogesic, psychrotrophic iso-
late from fresh water formerly identified as an A. cavi-
ae't.

Research on a farge number of geographically diverse
Aeromonas strains at the University of Maryland has
extended the soure of isolation and geographic isolation
of A. veronii biogroup veronii and A. schubertii with the
isolation of strains from traunatic wounds incurred in

and around the Cnesapeake Bay area of the United
States (A. Carnahan, S, gehram, A. Ali, D. Jacobs and
S. W Joseph. Systematic assessment of geographically
diverse Aeromaonas spp. as a correlate to accurate biotyp-
ing. Abstr. Annu. Mect. ASM 1990).

Further, the existence of two new possible species was
determined from this numerici taxonomy study. The
first was the delineation of a cluster of nine ‘esculin and
sucrose-negative’ A. sobria. These were found on both
the East and West Coast of the United States and Hawaii
and were isolated from wounds, blood, feces, and prawn.
They all hybridized with the definition strain for DNA
group 9 A. sobria and are proposed as Aeromonas jan-
daei.

The sccond possible new species arose from a see-
ond cluster of thirteen ‘escrlin-hydrolysis and Voges-
Proskauer-negative, and cellobiose-positive’ A, sobria
that were, in addition, sensitive to ampicillin and carbeni-
cillin, an extremely unusual trait for clinical acromonads.
They were found on both the East and West Coast of the
United States, in Bangladesh, Indonesia, and India, and
all but one were isolated from human diarrheal speci-
mens. The nomenclature strain, AH2, was hybridized
against all existing DNA group definition strains and
found to represent a new and distinct DNA hybridiza-
tion group of acromonads isolated from clinical speci-
mens and are proposed as A. trota (unpublished data).
Previous studies have suggested that species-related dis-
case syndromes may exist among acromonads, such asan
association between A. sobriv and bacteremia” and A.
caviae and pediatric diarrhea . Therefore, it cannot be
overstressed that accurate biotyping of all acromonad
isolates, regardless of source and location, should be at-
tempted usin - *andard methodology and media. Only
then can the u .o significance of these newer species be
determined and used to evaluate the pathogenic mecha-
nisms and virulenee potential of these engimatic, aquatic
microorganisms,

* Current address: Anne Arundel Medical Ceniier, Microbiology De-
partment, Frinhbn and Cathadral Streets, Annapolis (Maryland
21410, USA).
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Methods for the identification of DNA hybridization groups in the genus Aeromonas

M. Altwegg and J. Liithy-Hottenstein

Department of Medical Microbiology, University of Ziirich, Gloriastrasse 32, CH-8028 Ziirich ( Switzerland)

Summary. Among the 269 substrates tested in assimilation tests we found some that may help in the identification
of DNA hybridization groups in the genus Aeromonas. In addition, isoenzyme analysis and ribotyping seem to be
accurate although not routine procedures that allow discrimination between genetic species.

Key words. Acromonas; DNA hybridization groups; assimilation: ribotyping: isoenzyme analysis.

According to Bergey's Manual of Systematic Bacteriolo-
gy ' the genus Aeromonas contains the three mesophilic
species, A. hvdrophila, A. caviae and A. sobria, as well as
the psychrophilic species A. salmenicida with the three
subspecies salmonicidu, achromogenes and masoucida.
Since then, several new entities have been deseribed - 4.
media®, A, veronii®, A. cucrenophila*®, A. schubertii’”
and A. salmonicida subsp. smithiae™ ., However, these spe-
cies still do not reflect the genetic complexity of the genus
and they do not always correlate with genetic data, e.g.
DNA hybridization values '* (and F. W. Hickman-Bren-
ner, G. R. Fanning, M. J. Arduino, D. J. Brenner and
J.J. Farmer II1, Abstr. Int. Workshop on Aeromonas nnd
Plesiomonas, p. 51, 1988). The currently known DNA
hybridization groups (DHGs) are made up of strains
classified into the following phenotypic species*'”:
DHG 1, A. hydrophila; DHG 2, A, hvdrophila; DHG 3,
A hvdrophile and A, salhnonicida; DHG 4, A, caviae;
DHG SA, A. caviae: DHG 5B, A. caviae and A. wmedia;
DHG 6, A. cucrenophila; DHG 7, A. sobria; DHG 8, A.
sobria: DHG 9, A. sobria; DHG 10, A. veronii (DHG 8
and DHG 10 have been shown to share enough DNA
homology to be included in the same DNA hybridization
group, DHG 8/10); DHG 11, .{. veronii-like strains;
DHG 12, A, schubertii. Two strains phenotypically simi-

lar to A. schubertii but indole-positive and lysine-nega-
tive have been found and were referred to as * deromonas
group 501°7. Most probably, there are still other as yet
not described DNA hybridization groups.

Phenotypic characteristics allow identification of the
named species '3 73 T E DN Ly niy few tests have
been deseribed that may aid in the separation of the
various DHGs within these species *. We have, therefore,
cvaluated three completely different methods for their
ability to separate the various DHGs in the genus
Acromonas.

Assimilation tests

We have analyzed 168 Aeromonas strains, belonging
mainly to those DHGs that occur in clinical specimens
(only strains of DHG 6 and DHG 7 have not been found
in clinical specimens so far), for their ability to grow on
minimal medium supplemented with different substrates,
For this purpose, commercialized as well as research gal-
leries in the form of either the API S0 or the API ATB
strips were kindly provided by D. Monget (AP] SA, La
Balme-les Grottes. France). Incubation was at 29 C for
48 h.
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ABSTRACT

An integrated software system for taxonomic studies has been devised and tested using a
database of mesophilic Aeromonas isolates. The software generated dichotomous keys
and provided an alternative simple matching algorithm for the identification of unknown
isolates. The software may be updated by the addition of analytical modules, the
modification of the existing database, or the integration of new databases from other
sources. The automated procedures are not limited to microbial taxonomy and may be

adapted to a wide variety of other uses.

INTRODUCTION

Microbial taxonomic studies often involve large volumes of simple mathematical
operations ideally suited for computers. The advent of relatively inexpensive desk-top
computing devices will allow even the smallest research laboratories to input, document,
process and analyze large volumes of taxonomic information. Although there are a variety
of data management programs available, none offer the integration or flexibility necessary
for true taxonomic research. Popular spreadsheet programs and data-managers such as
Lotus 1-2-3 (Lotus Development Corporation, Cambridge, MA) and Microsoft Excel
(Microsoft Corporation, Redmond, WA), offer superb data-management utilities but lack
the programmability necessary in performing complex taxonomic analyses. Various other
taxonomic software such as the SAS/TAXAN (SAS Institute, Cary, NC) clustering
program (Maryland Sea Grant College, College Park) provide powerful statistical and
graphical tools for taxonomy, but are deficient in database management and do not allow
for modular expansion. Rapid identification systems such as the API system (Analytab
Products, Plainview, NY) and other automated systems assist in automatic identification

based on particular characteristics of the organisms, but the identification is based on a
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limited and usually non-modifiable database. There is a clear need for a unified system
which incorporates all of these elements to meet all of the requirements of taxonomists.

METHODS

An integrated system for taxonomic studies has been devised and was successfully tested
on an IBM PS/2 model 50Z running under DOS 4.01. The system, called F.L.O.A.B.N.
(For Lack Of A Better Name), is modular in design with each module being an
independent program written in BASIC (Fig. 1). Each F.L.O.A.B.N. module or
procedure (proprietary technology) could share information with any other module,
allowing for complete versatility and expansion (Fig. 2). As new taxonomic or statistical
procedures require assimilation, an earlier generation system can be modified or a new

modular program can be written and integrated into the existing system.

Application

This taxonomic software was first used at the University of Marylanc' in an Aeromonas
taxonomic study, for which a clincally useful identification schema was developed
(Carnahan et al, 1991). The study involved geographically and clinically diverse
aeromonads (n=152) along with the appropriate ATCC Type strains and Centers for
Disease Control (CDC) DNA group reference strains (n=15), for a total of 157
Operational Taxonomic Units (O.T.U.s). Seventy five phenotypic characteristics were
studied, but only 50 of these phenotypic labels showed sufficient capacity for
differentiation to include them for analysis by numerical taxonomy. The resulting matrix
was analyzed by independent software which yielded 26 categories at a similarity level of

85% (Carnahan et al,, 1991).



Data Management

All of the information, including the test names, the O.T.U. designations and their cluster
affiliations, was entered into the data editor module of the F.L.O.A.B.N. system (Fig. 3).
All of the test data was binary in nature and, although the system could support unknown

test results, there were no unknown values reported in the matrix (Table 1).

Since we were interested in separating certain clinically relevent clusters, the database was
modified to create a special sub-set of selected O.T.U. clusters. In order to ultimately
generate an identification scheme using this new database, it was necessary to generate
frequency tables for each O.T.U. cluster (Table 2). This was done automaticallv through
the F.L.O.A.B.N. software. Each frequency table combined the test results for all the
O.T.U.s with the same cluster affiliation. The resulting averaged test results for each
cluster could be regarded as those of a Hypothetical Taxonomic Unit (Austin and Priest,
1986). The differences in the profiles between the Hypothetical Taxonomic Units were

used to generate a dichotomous identification key separating the O.T.U. clusters.

Dichotomous Keys

For purposes of discussing dichotomous keys, it is useful to develop a coordinate system
for identifying different points on the dichotomous tree. We designated the downward
progression of the tree as the "vertical number," and to its lateral distribution as its
"horizontal number," as measured from left to right (Fig. 4). For ease of reference, these
are designated as a "grid number," i.e. (Vertical Number, Horizontal Number). Thus, any
point on the tree can be uniquely identified by specifying the grid number coordinates.
The maximum horizontal number in a given key would always be equal to the total
number of O.T.U.s in the tree. The relationship between the maximum horizontal number

and the maximum vertical number would be:

A



Maximum Horizontal Number = 2 (Maximum Vertical Number -1)

Figure 5 summarizes the logical procedure used by F.L.O.A.B.N. to derive the
identification key. The procedure begins by counting the total number of Hypothetical
Taxonomic Units to be differentiated and determines the test character with the greatest
discriminatory power. This is the test which best splits the total number of clusters into
two, roughly equal numbers of clusters. Such a test forms the first branch of the
identification tree. This procedure for character selection is repeated until all of the

clusters are successfully separated.

More than one test may have the same discriminatory power. Depending on which run-
mode the user has selected, the program may prompt the experimentor to choose from
among the best tests, or it may select a single test from the group automatically. Once the
identification key is complete, the program automatically tabulates the total number of

unique tests required for the complete identification of all the clusters.

Upon completion of the identification tree, the program re-runs the entire analysis,
allowing for different choices at each branch point of the identification key, where such
choices are possible. This could result in a different identification scheme which may or
may not use fewer tests than the previous run. This process is repeated, but a record of
the shortest run is always stored on disk. Although it's unlikely that the computer could
realistically exhaust all the combinations and permutations possible, this procedure does

present a novel approach for the rapid generation of workable identification strategies.



Visual Data Display

The Visual Data Display (V.D.D.) is an independent F.L.O.A.B.N. module which enables
the graphic visualization of the Hypothetical Taxonomic Units (Fig. 6). This permits the
operator to scan large volumes of data visually and to detect trends and patterns in the
frequency information. Furthermore, this module permits a completely ditferent method
for identification other than the dichotomous key approach already discussed. V.D.D.
contains a simple matching algorithm for matching an unknown O.T.U. with ihe closest
cluster from the database. The operator may substitute unknown characters where test

results are not known or are not available.

Simple matching identification differs from dichotomous key identification in that the latter
employs a small sub-set of the total rumber of tests and weighs each test differently.
While this may be useful in a clinical setting, there may be times when this weighing may
be undesirable. The simple matching algorithm is an alternative method which takes all of
the tests into consideration, equally. V.D.D. permits the comparison of O.T.U. data
entered from the keyboard or a file, with the Hypothetical Taxonomic Units of any other
database. In Figure 6, the information regarding the unknown O.T.U is entered on the
top of the screen, as represented by the long blocks. A black block represents a positive
test result and a white block represents a negative test resuit. There is also a red block to
represent unknown test characters (not shown). The frequency information is represented
in a matrix, including four grades to denote averaged H.T.U character values from 0.0 to
1.0. This module will rank the clusters according to their similarity to the O.T.U. being

identified and will report these to the operator, accordingly.



Once the identity of an unknown O.T.U. becomes known with confidence, the O.T.U. can
be entered into the original database and the database can be re-compiled. It is even

possible to generate another dichotomous identification key based on the new information.

The current version of the F.L.O.A.B.N. system was used to generate two identification
keys: Aerokey I and Aerokey II, containing 17 and seven clusters, respectively (Carnahan

et al, 1991).

RESULTS

Aerokey II was evaluated in a single-blind trial of 60 arbitrarily chosen clinical
aeromonads from an independent laboratory as described by Carnahan, et al., 1991, and
further tested using additionally acquifed ATCC and reference strains of some recently
proposed species (n=18). The reference strains obtained included the following
phenospecies: A. veronii bv. veronii (n=4), A. schubertii (n=3), A. jandaei (n=5), and A.

trota (n=6).

Of the 60 randomly selected mesophilic aeromonads used in the trial of Aerokey II, 97%
(n=58) were correctly identified to the species level. Furthermore, all 18 of the ATCC/

DNA group reference strains were correctly identified (Carnahan et a/, 1991 ).

DISCUSSION

Data Management

F.L.O.A.B.N. provides special sub-routines for the rapid generation of taxonomic sub-sets
from any database already entered into the system. There are a great number of

approaches by which a database could te modified, and it was our intention to develop
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automated routines which would greatly reduce the keystroking necessary for the
repetitive or complex tasks inherent to taxonomic data management. It was decided that a
menu approach to data-editing would be too cumbersome and too complicated for the
user and we opted for the creation of a unique, interactive, macro-editing procedure. This
routine permits the user to select from among appropriate command and action words
which would be used to construct an English command phrase for execution. This simple
approach to data management is shown in Fig. 7 and was used to create a special sub-set

of clinically relevent clusters for analysis.

Identification Kevs

Although there have been published computer procedures for the generation of
identification keys based solely on mathematical principles (Matousek and Schindler,
1989), such procedures are often inadequate for the production of clinically useful
identification strategies. For example, some of the 50 tests we used in the classification of
our Aeromonas species would not be practical for clinical identification because of
reproducibility or expense. We felt it critical to allow for the experimentor to be able to
override the program's choices of key tests so as to insure a workable and pragmatic

identification solution.

F.L.O.A.B.N. also provides a valuable expert mode for the construction of dichotomous
keys. In this mode, the computer keeps track of the tests which have already been used in
the identification key, and uses them again, whenever possible. The overall effect would
be to construct a conservative dichotomous key which would require fewer different tests

for the identification of all the O.T.U.s (Fig. 8).



Simple Matching Algorithm

This approach to identification would be most useful in a situation where the experimentor
has performed a selected number of tests and wishes to know which other tests are
absolutely necessary for the identification of the organism. V.D.D. can use the
information from the tests already performed to generate a list of the most likely cluster
affiliations for the unknown O.T.U. V.D.D. can even offer the second or third closest
matches. Thus, the user can generate a list of the likely identities of the unknown
organism. Using the macro-editing feature of the F.L.O.A.B.N. data editor, the
experimentor may create a sub-set of the original database which will only contain the
clusters which were displayed by the V.D.D. algorithm. The analytical sub-routines will
attempt to devise a dichotomous key for the small sub-set of clusters, thus, revealing the

tests the experi mentor should perform to delineate the identity of the unknown O.T.U.

System Flexibility

The F.L.O.AB.N. analytical module, in devising dichotomous keys, allows for four
different modes of operation, ranging from a fully manual character selection to a fully
automated mode of test selection. In the latter three operating modes, the software must
use a strategy for selecting important tests for separating the clusters. A "Greedy
Algorithm," written in Pascal, has been reported to offer one solution to this type of
identification problem by placing importance on choosing the "best test" at each branch
point (Matousek and Schindler, 1989). Our approach uses a similar method but differs in
two ways. First, FL.O.A B.N. allows an "expert" mode which reduces the total number

of tests required and, second, it permits using tests which fail the "best test" criteria.

The standardized F.L.0.A.B.N. system also provides a method for the rapid transmission

and integration of information from one laboratory to another. We are currently working

-9-



on a protocol for the sharing of taxononiic information via computer disks, modem links,
and even UPC-like labels. We also hope to develop a "neural net" identification module to

supplement the existing identification schemes in F.L.0.A.B.N.

Clinical Laboratory Utility

The success of the two identification strategies suggests that the validity of the procedure
is dependent on both the automated portion and on the intuition and the experience of the
scientist. It is important for any useful clinical identification strategy to embrace
practicality and for the automated software to reflect this need. Integrated taxonomic
software, such as F.L.O.A.B.N., offer the taxonomist a dynamic tool for exploring
taxonomic and evolutionary relationships between different taxa. The software, and the
numerical taxonomic procedures in general, are in no way restricted to the field of
microbiology. In fact, any field or discipline which depends upon sorting, organizing and

retrieving information for identification can benefit from these computer technologies.

-10 -
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Program Name

Micron

Description

Responsible for management and integration of all F.L.O.A.B.N.
modules. Permits user to operate different programs
without exiting to DOS.

F.L.O.A.B.N. Editor/ Analyzer

Flowchart Graphics Viewer

Visual Data Display

Initial Info Files

Data

Allows for creating / loading / saving binary taxonomic databases.
Provides data-2diting and data-management routines.
Formulates frequency tables.

Formulates identification strategy based on “best test’” criteria.

Permits graphical representation of identification key formed
by the F.L.O.A.B.N. Editor/ Analyzer.

Permits graphical representation of the frequency computations
by the F.L.O.A.B.N. Editor/ Anuaiyzer,

Provides an alternative identification procedure involving
“simple matching.”

Auxiliary [liles necessary for the proper function of Micron.

Selected database information plus all associated files.

Figure 1 Description of selected modules of the F.L.O.A.B.N. system.
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System File Settings Options

New
Shell
Quit
Test
” 1 2 3 OTU:
oTU 1
Q _ Test:
T 1 - 0/129
u 2 + - +
H 3 + - + Group: IJ
4 + - + A. hydrophila

Figure 3 Data-entry screen used to view and edit the database. The
selected piece of information is highlighted in the left viewport while
information regarding the O.T.U. s displayed at the right.



(1,1)

Vertical
Number
(2,1) ' (2,2)
= =l = =
—_—
Horizontal
Number

Figure 4 The F.L.O.A.B.N. "Grid Numbering” convention for dichotomous keys. Parenthetic values
are in (Vertical Number, Horizontal Number) format.



1. Determine size of matrix
la. Count number of tests.
1b. Count number of O.T.U.’s.
1c. Count number of clusters.
2. Compute averaged test results for each cluster.
3. Begin generation of key.
3a. Count all clusters at current Grid Number.
3b. Scan all tests for ““best test.”
3c. Allow for user selection -or- select automatically.
3d. Split the clusters according to test selected.
3e. Increment pointer to next Horizontal Number (H.N.).
3f. If less than the Maximum H.N., then go to **3a.”
3f. Reset H. N. to one and increment Vertical Number (V.N.).
3g. Go to “3a” until Maximum V. N. and Maximum H. N, are reached.
4. Tally total number of tests used for identification kev.
5. Save key to disk.

6. If shorter than best run, save as best run.

7. Repeat “3” until interrupted by user.

Figure 5 Summary of steps used by F.L.O.A.B.N. to generate dichotomous keys.




Probabie identity:
A. hydrophila
information for organism to be identified.

Use ‘+/-/7’ keys tc enter
o
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BER mi |}
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o
Il B
0 -8.8-8.25 M -a.25-8.58 B -a.se-a.7s B -8.75-1.08

Group= ’h’ Character= 'Test {#{ 1’

Sample screen from V.D.D. module comparing new O.T.U.

Figure 6
The name of

information (top) with the H.T.U. patterns (below).
the closest match is displayed.
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Command: Delete group(s) not called A. trota and group(s) nol called A. jandaci.

Figure 7 An example of a plain—English direclive used lo generale a smaller sub—set of llie database
containing only two clusters. The language interface provides the user with appropriale keywords
and aclion words wilh which a coinmand phrase can be formed.
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Figure 8 A dichotomous key demonstrating complete
identification of 15 hypothetical clusters, using only 11

tests.
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required.

Clusters represent fictional data and are not

statistically valid.
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Table 1 Partial listing of raw Aeromonas data as enterec into F.L.O.A.B.N. Actual matrix
dimensions were 160 x 50.

Test
0/129 String Indole R <tab B Stab B on Alpha Gamma B HBA Alpha Gamma Esculin Gas/ VP Lysine qrni- Arabi-
0.T.U. Test SBA HBA SBA on SBA on SBA on HBA on HBA Glucose thine hose
1 + - + + + + - - + - - + + + + - +
2 + - + + + + - - + - - - + + + - +
3 + - + - + - + - + - - + - - - - +
4 + - + + + + - - + - - + + - + - +
5 + - + + + + - - + - - - + + + - -
6 + - + - - - + - — - + + - - - - +
7 + - + + + + - - + - - + + + + - +
8 + - + + + - + - + - - + - - - - +
9 + - + + + - + - + - - - - - + - -
10 + - + + + + - - + - - + + - + - -
11 + - + + + + - - + - - + + + + - -
12 + - + - + - + - + - - + - - - - +
13 + - + + + + - - + - - + + + + - +
14 + - + + + + - - + - - + + - + - -
15 + - - + + + - - + - - - - - + - -
16 + - + - + - + - + - - + - - - - +
17 + - - + + - - + - - - - - + - -
18 + - + + + + - - + - - + + + - -



Table 2 Partial listing of the frequency table compiled from 18 clusters
from the Aeromonas database using the F.L.O.A.B.N. automated procedures.

211 values denote fraction

Actual matrix dimensions were 18 x 50.

positive.
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A small subset (n

18) of highly discriminatory tests was derived from the feature frequency of 50 tests used

in the study of 167 predominantly clinical Aeromonas strains. Seven of these cighteen tests were used to
construct a flexible, dichotomous key, Acrokey I, for identifying clinical acromonads: esculin hydrolysis, gas
from glucose, acid from arabinose, indole production, acid from sucrose, Voges-Proskauer reaction, and
resistance to cephalothin (30 pg). This schema was initially evaluated in a single-blind trial of 60 well-
characterized clinical Aeromonas hydrophita (n = 21), A, caviae (n = 19), and A. veronii bv. sobria (n = 20)
strains from an independent laboratory. OF the 60 strains tested, 58 (97%) were aceurately identified to the
species level. Aerokey 11 was further evaluated with 18 additional American Type Cufture Collection and
reference strains representing the more recently proposed taxa A. veronii by, veronii, A, schubertii, A. Jjandaei,
and A. trota and accurately identified all of these strains.,

During the past 20 years there has been a trend toward the

recognition of mesophilic acromonads as causative agents of

human disease (27). Concomitantly, there has been an in-
crease in the numbers of clinical cases reported. originating
with sporadic case reports of aquatic wound infections in im-
munocompromised individuals and cxpanding to numerous
associations with disseminated discase (septicemii, meningi-
tis. and osteomyelitis), gastroenteritis, and wound infections
among pediatric and adult populations, both immunocompro-

mised and otherwise healthy (17, 44). This accumulation of

information has attracted the interest of not only the medical
community but also systematists and infectious discase re-
searchers, as reflected by the publication of four review arti-
cles on acromonads in just the last three vears (2. 6. 27, 30).

The taxonomy of acromonads has also been constantly
changing. Major taxonomic studies conducted over the last S

vears have provided some clarification of the systematics of

acromonads with respect to the number of DNA hybridiza-
tion groups {genospecies) and phenotypic species (pheno-
species) which currently exist among aeromonads (3. 4. 7.
24, 31). There are now at least seven established or recently
proposed taxa of the genus Acromonas associated with
human discase (Table 1),

However, often the new add:tions to the genus Acromo-
nas have actually contributed to and even ¢sacerbated the
existing confusion in the taxonomy. A case in point is the

species Aeromonas sobria. Originally proposed by Popoll

and Veron in 1976 on the basis of @ study of 68 mostly
environmental strains, this species was found to encompass
at least three separate DNA hybridization groups (DNA
groups 7. 8, and 9 with the type strain, CIP 7433, residing in
DNA group 7 (14, 39.40). However, later taxonomic studies
of large numbers of clinical isolates revealed that all clinical
isolates that resembled the A. sobria phenotype were found
by DNA hybridization to actually reside in DNA group 8 (3,
4070 14,024, 3.
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Subsequent to this work, a new species. A. veronii (orni-
thine decarboxylase positive) was proposed as DNA group
10, since it did not hybridize with any of the known Aeromo-
nas type strains. including that of A, sobria (DNA group 7)
(22). However, the authors revealed in an addendum in proof
1o this proposal that clinical A. sobria (DNA group 8) was
genetically identical to AL veronii (DNA group 10). The
dilemma is that although the species A. sobria (DNA group 7)
is indeed a valid one. itis represented by only a small number
of environmental strains. including the type strain, CIP 7433.
To date, all clinical strains resembling A. sobria belong to
DNA group 8, not DNA group 7. and since DNA group 8 is
genctically identical to DNA group 10 A. veronii, what we
have previously identified as clinical A. sobrio strains must
now be considerec as strains of a biovar of A. veronii,

We have proposed the names A. verondi by, veronii for the
ornithine decarboxylase-positive strains and A. veronii bv.
sobria for those clinical strains that we formerly considered
AL sobria in an effort to alleviate the inherent contusion and
more accurately reflect what has been discovered at the
genospecies level (8). While it may seem confusing to use the
epithet sobria 2s part of the nomenclature for two distinet
genospecies, it appears to be at present the best solution o
an already complex situation. Only in this way will clinical
microbiologists and physicians be aware that clinical strains
formerly identitied as A. sobriv are now a biovar of A.
veronii. [t is because of the strong association between these
formerly identified A. sobrie strains and bacteremia and
because of their possession of markers for increased viru-
lence (26, 29) that this change in taxonomic designation must
reflect what has already been presented in the literature,

Although a majority of publications and most rapid iden-
tification systems still use the nomenclature A. hvdrophila or
A. hydrophila group for any clinical Acromonas isolate. the
tide of taxonomic research clearly suggests that we have the
means to identify clinical acromonads to the species level (3,
7.9, 25, 39). There is also suflicient evidence to indicate that
there are possibly species-refated discase syndromes., such
as the previously mentioned bacteremia with A. veronii by,
sobria (26), pediatric diarrhea with A, caviae (1, 36), aguatic
wound infections with A, schubertii (11, 21). and wound
infections with A, hivdrophila following the use of medicinal
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TABLE 1. Current taxonomic status of the genus Aeromonas

Phenotype
(phenospecies)”

Genotype
(DNA group)

. hydrophila (ATCC 7966")
. ivdrophila
. salmonicida

. caviae {ATCC 15468")
. media _
. encrenophila (ATCC 233097)

T e AL sobria (CIP 7433")

810" A. veronii by, sobriat (ATCC 9071)
9 ... AL jandaci (ATCC 49568")

810" ......... AL veronii by, veronii (ATCC 356247)
Il Acromonas spp. ornithine decarbox-

ylase positive (ATCC 35941)

128 i AL schubertii (ATCC 43700")
13 Acromonas group S01 (ATCC 43946)
14 e AL trota (ATCC 496571

“ Strains in parentheses are type (') or representative strains.

! Genospecies isolated from clinicad specimens (3, 4, 8. 10, 21, 22, 24).

* Formerly identified as clinical AL sobria, but genctically identical to A.
veronii (3, 8, 221,

leeches (42), This variability in pathogenicity. coupled with
the existence of differeat antibiograms among the species,
c.g., resistance to cephalothin (28) or susceptibility to ampi-
cillin (10), could affect a physician's subsequent successful
trcatment of a patient. However, no previous studies have
resulted in a workable identification schema for the meso-
philic Acromonas species associated with human discase.
Hence, most clinical isolates are still identified as cither A.
hydrophila or A. hydrophila group whether conventional
methods or rapid identification systems are used.

The objective of this rescarch was to examine a large
number of clinical Aeromonas isolates from diverse clinical
and geographic sources and use the frequency matrix of test
results from a numerical taxonomy analysis to develop a
highly discriminatory subsct of tests These tests (1 = 18)
were then used to construcet a fiexible dichotomous identifi-
cation key. Acrokey (proprictary technology), that with only
seven tests allows a clinical laboratory to accurately identify
Aeromonas isolates 10 the species level.

(Part of this work was conducted by A. M. Carnahan in
partial fulfillment of the requirements for aun M.S. from the
University of Maryland, College Park, and was subsequently
presented at the 3rd International Aeromonas/Plesiomonas
Symposium, Helsingor, Denmurk. 5 to 6 September 1990.)

MATERIALS AND METIHODS

Bacterial strains. Once hundred fifty-two strains, initially
received from 1985 10 1989 as Acromonas spp.. were used
for this study. Fhey were collected in several geographical
regions, including the United States (1 = 78), northeastern
Africa (Somalia. the Sudan, and Egypt) (n = 50), Bangladesh
(1 =19), India (1 = 1), Indonesia (1 = 3), and Puerto Rico

(n = 1). The majority of the strains came from a variety of

clinical sources (1 = 131), but some were veterinary (1 = 8)
or environmental (1 — 13) strains. All major American Type
Culture Collection (ATCC) type striins, the Centers for
Discase Control reference definition strains for DNA hybrid-
ization groups 1, 2, 3, 4, 5a, 5b, 6. 7. 8X., 9, 10, 1. and 12,
and ATCC reference strains for A, veronii by, sobria (DNA

J. CuN. Microsiot.,

group 8Y) and Acromonas group 501 (DNA group 13) were
included as controls.

The strains were stored at =70°C in Trypticase soy broth
with 10% glycerol (Remel, Lenexa, Kans.) and subsequently
subcultured to tryptic soy agar (TSA) plates (Becton Dick-
inson Microbiology Systems, Cockeysville, Md.) and incu-
bated overnight at 36°C. Unless stated otherwise, all analy-
ses were performed at 36 = 1°C.

Presumptive identification.  All  strains  were  initially
screened by using the following tests: Gram stain, oxidase
activity (19¢ solution of p-aminodimethylaniline oxalate;
Difco. Detroit, Mich.). glucose fermentation using a triple
sugar iron (TS slant. motility by “wet mount™ after incu-
hation at 25°C, and resistance to /129 (a vibriostatic agent)
(150 wg/ml; Oxoid, Ogdensburg, N.Y.). Only those strains
that were motile, oxidase positive,  glucose-fermenting,
O/129-resistant, gram-negative rods were considered aero-
monads. They were then presumptively identified as belong-
ing to the A. hvdrophila group with an APIL-20LE strip
(Analytab, Inc.. Plainview, N.Y.).

Biochemical phenotypic markers. Each strain was further
examined for production of diffusible pigments on TSA:
indole production (both Kovacs's and Ehrlich’s methods):
esculin hydrolysis: growth in KCN: acid production from
arabinose. salicin, mannitol, and sucrose: production of gas
from glucose: production of ornithine decart yxylase: String
test (20): arbutin hydrolysis (16): and H,S production from
cysteine with a modified gelatin-cysteine-thiosulfate (GCF)
medium (43). Additional phenoty pic tests that have been
assoctated with specific biotypes or used as potential viru-
lence-associated markers were also evaluated. Thcae were
lysine decarboxylase production, the Voges-Proskauer reic-
tion, hemolysis on TSA plates with 59 sheep blood by
streaking and stabbing, hemolysis on TSA plates with 5%
horse blood by streaking and stabbing., acriflavine agglutina-
tion (32}, autoagglutination (29), production of a CAMP-like
factor (acrobically and anacrobically) (15). cephalothin sus-
ceptibility (28). and pyrazinamidase activity (9).

Excluding the tests on the API-20E strip and those refer-
enced above, all tests were performed by conventional
methods (13, 34) based on the Janda modification (25) of the
original schema of Popolfl and Veron (39) with media and
reagents supplied by Remel. Both positive and negative
control Acromonas ATCC strains were included for cach
test (Table 1. footnote M.

Comparison of test methods. Several of the tests (n = 11)
usced in the initial phenotypic analysis of these strains were
performed by two or sometimes three different methods, or
with different media formulations, in an effort to determine
whether the results were comparable to cach other. These
results are listed in Table 2 as percent positive feature
frequencies (percentage of strains giving positive results) for
the ditferent methods or media used.

Antibiotic resistance markers. MICs were determined for
17 antimicrobial agents in a 96-well microdilution plate
(Gram  Negative Panel 7: MicroScan Division, Baxter
Healthcare Corp., West Sacramento, Calif) per the manu-
facturer’s instructions. In addition to these 17 antimicrobial
agents, the MicroScan panel tested for a “growth™ or 'no
growth™ response against the antimicrobial agents colistin,
nitrofriirantoin. kanamycin. and penicillin in single-dilution
wells, The MIC results were recorded both manually and
with an AutoScan-4 reader with computer-assisted analysis
by an I1BM PS/2 Model 60 which provided interpretations in
accordance with the guidelines of the National Committee for
Clinical Laboratory Standards (NCCL5) (37). The antimicro-
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bial agents whose MICs were determined were amikacin.
ampicillin, cefazolin, cefoxitin, ceftazidime. ceftriaxone, cef-
uroxime, cephalothin, ciprofloxacin, gentamicin, imipenem,
piperacillin, tetracycline, ticarcillin-potassium clavulanate,
ticarcillin, tobramycin, and trimethoprim-sulfamethoxazole.

Cephalothin susceptibility was also tested by the Bauer-
Kirby agar disk diffusion method (5) using a 30-pg disk and
Mueller-Hinton agar (Becton Dickinson Microbiology Sys-
tems) per NCCLS standards.

Numerical taxonomy analysis. Examination of the percent
positive frequency results for all of the strains examined
revealed those phenotypic tests, both biochemical and anti-
microbial. whose results varied from strain to strain at a
level greater than 59 but less than 955, Consequently, only
the results for those 50 tests were used in the numerical
taxonomy analysis. The data were examined with the SAS/
TAXAN (SAS Institute, Cary, N.C.) clustering program
(Maryland Sca Grant College. College Park) on an 13M 4381
mainframe computer by using the simple matching (S,,,)
coceflicient at a similarity level of 859 to delineate clusters of
strains that represented distinet phenospecies (7). Only
those clusters which represented the established and pro-
posed clinical species were used to construet Acrokey 11,
and cach cluster contained the appropriate ATCC or DNA
definition group strain for that phenospecies. These clusters
were composed of A, hivdrophila (n = 46), A. caviae (n =
3. Al verondi by, sobria (n = 26), A, veronii by, veronii (n
=4, A schubertii (n = 3), A, jundaei (n = 3) and A. trota
(n = 7). Once the phenotypic clusters were determined. i
frequency matrix was constructed from all of the test results
(pereent positive results of cach of the clusters) on an 1BM
PS/2 Model S0 computer using a FREQ program written in
BASIC by one of the authors of this article (S. Behram).
Next, the data base was scarched for those tests whose
frequencies of positive results were above 709 or helow 30%
for these specified clusters. Only these tests were used in
constructing the identification keys.

FLOARN, a greedy algorithm program. Another computer
program, FLOABN (For Lack of a Better Name), which
used the frequency data from the SAS/TAXAN uanalysis,
was written in BASIC by S. Behram as a modified version of
a recently published Pascal program (33). The FLOABN
(proprictary technology) program compared the SAS/
TAXAN-derived clusters for the clinical phenotypic species
and. using the frequency matrix of results outlined above,
constructed a dichotomous identification key by solving a
simple test selection problem with a “greedy algorithm.™
FLOABN was written with a semiautomatic mode that
allowed the operator, while constructing the dichotomous
key, to select at cach level from a number of equivalent,
first-choice tests based on media and methods available in
clinical laboratories. For this study, several different runs
were conducted with many different equivalent first-choice
tests at cach level, and the result was a small subset (n = 18)
of highly discriminatory tests (Table 3).

Acrokey L. The clusters initially examined by FLLOABN
were those that encompassed all of the DNA hybridization
groups and ATCC type and reference strains (n = 17). This
resulted in a dichotomous key, Acrokey 1 (7). that uses 12 of
the original 50 tests to separate all currently recognized
genospecies (DNA - hybridization  groups) except DNA
groups 2 and 3 (data not shown). Becanse the collection of
strains often had only 4 single strain to represent the rare
environmental genospecies, e.g.. A, eucrenophita and A,
media (7), Acerokey | should not yet be considered statisti-
cally valid for the identification of every genospecies.
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Oxidase-positive, Glucose-fermenting,
Gram negative rods, resistant to 0/129
Vibriostatic Agent (150 ug)

Esculin Hydrolysis®

- +
Indole Gas from
Production Glucose
(TsI)
- +-—--1 - +
'
A. schubertii ! A. caviae Acid from
' Arabinose
Voges- 1
Proskauer :
'
'
] - +
- 4 !
l |
A. trota : Resistance A. hydrophila
' to
' Cephalothin®
' (30 ug)
Acid from '
Sucrose :
[}
- + | - +
l |
A. jandaej :
[
2. veronii A.veronii  A. hydrophila
biovar biovar
sobria veronii

F1G. 1. Acrokey I identification key for clinical Aeromonas
species. a, agar formulation only; b, Aerokey 11 can be modified to
end here with an identification of A. veronii by, sobria; ¢, Bauer-
Kirby disk diffusion method only.

Rather, it was constructed to serve as an experimental
guideline for those laboratories attempting to identify large
groups of acromonads from clinical, veterinary. and envi-
ronmental sources for taxonomic, epidemiological, or viru-
lence-related studies (unpublished data).

Acrokey II. Subsequently, the FLOABN program was used
to examine those clusters that represented all even clinical
Acromonas taxa: A. hivdrophila, A. caviae. A. veronii by,
sobria, A, veronii by, veronii, A. schubertii, A. jandaer, and
A. trota. This process generated Acrokey I, which contains
seven tests for identification to the species level (Fig. 1).

The validity of Acrokey 11 was lirst evaluated for the
identification of the three mesophilic Acromaonas species
most commonly encountered in clinical laboratories. This
was accomplished through a single-blind trial of 60 arbitrar-
ily chosen clinical Acromonas isolates from the private
collection of an independent {aboratory (Table 4). The
strains had already been extensively phenotyped, but for this
study they were identified by code number only and accom-
panicd by the results for the seven tests used in Acrokey 11
These tests were for esculin hydrolysis, gas from glucose.
acid from arabinose. indole production, acid from sucrose,
the Voges-Proskauer reaction, and resistance to eephalothin
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TABLE 2. Results of comparative test methods and media

No. (70) of strains

Test and medium testing positive

(n = 167)
Esculin hydrolysis (EHAY ... 114 (68)
Bile esculin hydrolysis (BEHA) ... 114 (68)
Gas tfrom glucose
S e 91 (54)
S¢ Andrade’s broth with Durham vial 90 (54)
Cephalothin resistance
Bauer-Kirby method ..., 11971
MicroScan MIC method . 122(73)
Lysine decarboxylase
API20E Lo 102 (61)
Moceller's method ... 97 (S8)
Ornithine decarboxylase
API20E L 1o
Moeller's method .o 5(3)
Indole production
API-20E . 158 (95)
Kovacs's reagent on TSA with 59 sheep
Blood . e 156 (93)
Voges-Proskaucer
APL20E e 95 (57)
MR-VPP broth ..o, 87 (52)
Acid from arabinose
APL20E e 92 (55)
157 Andrade’s brotho.nccincicniie e, 96 (57)
Acid from mannitol
APL20E .., 156 (93)
19 Andrade’s broth.....oooiiiiiiniinininninn, 159 (95)
Acid from sucrose
API-20E .. 145 (87)
1% Andrade’s broth 146 (87)

H.S Production
Madified CGOF medium. e, 102 (6D
TSLagar steh e AEKI
APL20E s 0

“ EHA. esculin hydrolysis agar, BEHA, bile esculin hydrolysis agar.
" MR-VP. methy) red-Voges-Proskauer.

(Fig. 1). Acid from arabinose 1s present at two branches in the
key because of the possible existence ol two distinet biovars

of A. hydrophila within the same genospecies (7). Because of

the rare isclation to date ol the more recently proposed tiaxa
A. veroniibv. veronii, A, schubertii, A, jandaci. and A. trota,
18 additional ATCC and reference struins for these species
were obtained and tested with Acrokey .

RESULTS

Comparison of test methods and media, The ability of

acromonads to hydrolyze esculin was evaluated with both
esculin hydrolysis agar and bile esculin hydrolysis agar.
Both media were incubated at 36°C for 72 h. This was done
to determine the possibility ol an inhibitory clfect on the
growth of acromonads by the bile in bile esculin hydrolysis
agar, which would preclude a positive test result on this

J. CriN. Microsiol..

medium. Bile esculin hydrolysis agar was found to be
cquivalent to esculin hydrolysis agar in sensitivity and
specificity, with no false positives or false negatives occur-
ring on the bile formulation medium (Table 2). It can be
concluded that bile esculin hydrolysis agar, available in most
clinical laboratories for the identificaticn of Enterococcus
spp.. cian be used for identifying acromonads. However, it
should be noted that the evaluation of two different rapid
identification systems® esculin broth formulation, using these
same strains, resulted in a large number of Talse-negative
reactions (no black precipitate), and therefore the broth
Tormulation is not considered comparable to the agar formu-
lation pending further studies (7).

The production ol gas from glucose fermentation was
evaluated by examination ol an 18-h TSI slant as well as the
conventional tube method using Andrade’s broth with 19
dextrose and a Durham vial for detection ol gas. The TSI slant
and butt results were determined after 18 to 24 h at 36°C,
while the Andrade’s broth was incubated for 72 h at 36°C. All
but one ol the 167 strains tested yielded identical results in the
two tests, with one strain being considered positive with TSI
only, suggesting that the use of TSI Tor gas production is as
sensitive as Andrade’s breth with a Durham vial.

Susceptibility to cephalothin was determined by both the
MIC dilution method (MicroScan) and the Bauer-Kirby agar
disk diftusion method, and the only discrepancy was that
three strains shown by the MIC method to be resistant to
cephalothin were shown by the disk dittusion method to be
susceptible. However, il resistance to cephalothin is to be
used in Acrokey 11 as a differential test, only the standard
Bauer-Kirky method should be employed pending Turther
evaluation. This recommendation is also made because of the
possibility ol other major discrepancies in the detection of
cephalothin resistance by inducible B-lactamases ol Acromo-
nas spp. when an MIC microditation method (Vitek) is used
41).

The following tests were performed both by conventional
methods and with an API-20E strip: lysine and ornithine
decarboxylase (APL-20E versus Moeller’s method); indole
production {API-20E versus the conventional spot indole test
on a 24-h culture grown on TSA with 5% sheep blood and
Kovaces's reagent, but with all pegatives conlirmed by a
conventional tryptone broth with xylene extraction and Ehr-
lich’s reagent): Voges-Proskauer test (API-20E versus methyl
red-Voges-Proskauer broth with the modified O'Mecara meth-
od): and acid I'rom arabinose, mannitol, and sucrose (API20E
versus Andrade’s broth with 19 carbohydrate).

The reaults Tor the two decarboxylase enzymes were in
close agreement Tor the two different methods, as were the
results tor indole, the Voges-Proskauer test. and carbohy-
drate Termentation (Table 2). The APIL20E Tormulation was
often more sensitive, e.g.. in the case ol ornithine decarbox-
ylation. This suggests that results obtained in these tests
with API-20E strips (per the manulacturer’s instructions)
correlate very well with the results obtainable with conven-
tional test media for identifying acromonad : pecices.

Because production of H.S by acromonads has been a
subject ol controversy (18, 25, 31, 32), three different methods
were evaluated: o 72-h TST agar stab. o 24-h HLS test on an
APL-20L strip (per the manufacturer’s instructions), and i test
using semisolid medium, GCF medium, This medium, a
modification ol an original Veron and Gasser medium, was
inoculated by stabbing and then wis incubated tor 72 h at 36
2 1C and read at 24-h intervals. (43). The differences in the
percentage ol strains positive by these three test methods
were readily apparent, in that none of the 167 strains gave a
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TABLE 3. Comparison of distinguishing profiles of mesophilic clinical Aeromonas species

Result” for:

Characteristic A. hvdrophila A ‘:(:;::1”1 bv. A “‘L’;Z:g:lh‘ AL caviae A schubertii AL jundaei A trola
(n = 46) = 26) - 8 tn = 3} tn =0 n=9) =13

Esculin hydrolysis + - + - - -
Voges-Proskauer reaction + + + - \% + -
Pyrazinamidase activity + - - + - - -
CAMP-like factor (acrobic + + + - - \Y -

only)
Fermentation

Arabinose \% -~ - + - - -

Mannitol + + + + - + +

Sucrose + + + + - - -
Susceptibility

Ampicillin R R R R R R S

Carbenicillin R R R R R R S

Cephalothin R S S R S R R

Colistin® \Y S S S S R S
Decarboxylase

Lysine + + + - + + +

Ornithine - + - ~ - -
Arbutin hydrolysis + - + + - \%
Indole + + + - + +
H.S' + + + - - + +
Glucose (gas) + + + - - + +
Hemolysis (TSA with 577 + + + \% + + \%

sheep erythrocytes)

“oL positive for ST077 of isolates: —. negative, i.e., positive for <307 of isolates; V., variable; R, resistant, 8, susceptible.

" MIC tsingle dilution), 4 pg'm!
¢ H.S from GCF medium.
“ Modified from Table 4 of reference 10 with permission.

positive result for H,S production with the API-20E strip and
only 3 (3%¢) gave a positive result with the TSI slant (Table 2).
With the modified GCEF medium, 102 (6157) of the 167 strains
were positive for H,S production. Further. the results ob-
wained supported the H,S production test as one that can
diflerentiate between the species, as originally stated by
Popoff and Veron (39) and later supported by Janda (25). That
is. all of the SAS/TAXAN-phenotyped A. hvdrophila and A,
veronii by, sobria strains were positive (10070) for H.S, while
all of the AL caviae strains were negative. Therefore. produc-
tion of H,S can be a uscful test for identifying clinical
acromonads i modificd GCTF medium is used.

Anothier controversial test is growth in KCN broth as first
propoted by Popofl” and Veron (39). Although our results
confirmed those of the initial study (39) as well as the later
work of Janda (25), we found this test to be very subjective
in its interpretation and both hazardous and labor intensive
in its preparation (7). The inherent discrepancies assoctated
with the interpretation of growth in KCN broth and the
detection of H,S production may explain, in part, the
variance of our results compared with those of George et al.

(18) and Kuijper et al. (31) concerning the identiication of

chinical Aeromonas species.

Finully. the method of Figura and Gugliclmetti for the
CAMDP-like test for the identification of Aeromaonas species
was evaluated (15). We found that only the acrobic CAMD-
like test could accurately differentiate A. hvdrophila and A,
veronii by, sobria from AL caviae (Table 3). In the anacrobic
case, we often observed a positive CAMP-like “arrow™ with
both A. hvdrophila and A. veronii by, sobria, not just A.
hydrophila as originally stated (15). This vartance between
our findings and those originally published may be due to the
fact that the original work was conducted with only a small

number of strains. Also, a taxonomic study of a larae
number of clinical strains by Altwegg et al. found 16% of the
A. veronii by, sobria strains tested to be positive when the
CAMP-like test was conducted anaerobically (3).
Evaluation of Aerokey II. When Acrokey 11 was used to
identify the 60 coded clinical strains received from the
independent laboratory, 58 of 60 (9777) of the strains were
correctly identified to the species level. Only two highly
atypical A. veronii by, sobria (esculin hydrolysis positive
and cephalothin resistant) strains were incorrectly identified
as AL hvdrophila (Table ). 1t is interesting to note that one
strain identified as A, jandaei by Acrokey 11 had been

TABLE 4. LEvaluations of Acrokev 1l

No. of strains No. (7)) correctly

Phenospecies

tested identitied
Clinical strains (single-blind trial)
(n = 60
A hvdrophila 21 21 (100
A caviae 19 19 (100
AL veronii by, sobria 19 17 (90)
A jandaci i 1 (104)
ATCC or DNA reference strains
th  18)
AL veronii by, veronii 4 4.(100)
A schubertii 3l 310m
AL jandaci 5 S a10m
AL trota 6 6 (100)

*Sources of chinical strims: feces tr - 3D wounds (1 - 1D Bood (n -
o bile (o sputum. nares, arine., and cerebrospimal Quid (1 - 1 cachy,
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originally phenotyped as A, veronii by, sobria but was
subsequently confirmed by DNA-DNA hybridization to in-
deed be A, jandaci (formerly DNA group 9 A, sobria) ().
The evaluation of Acrokey H with 18 additional ATCC or
DNA-hybridized reference strains of the more recently
proposed taxa A. veroaii bv. veroniic A, schubertii, A.
Jandaei, and A, trota resulted in all 18 (100%7) being correctly
identified to the species level (Table 4),

DISCUSSION

While it is quite clear that acromonuds can cause a myriad
of infections in human hosts. controversy as to whether we
can identify clinical. mesophilic Aeromonas isolates to the
species level still exists, Some rescarchers express coneern
that there is not a sufficient quantity of discriminatory tests
to distinguish between the clinical species or that the tests
available are not sufliciently accurate (18, 22, 24). However,
taxonomic studies of Jarge numbers of clinical isolates have
repeatedly shown that the majority of clinical Aeromonas
isolates reside in DNA groups 1. 4. and 8, which are
phenotypically characterized as AL hivdrophila, A. caviae,
and A, veronii by, sobria (2. 4, 7, 24, 31). Additionally,
biochemical studics of large numbers of Aeromonas isolates
have provided a number of tests that can clearly separate the
clinically significant species (3. 4. 7.9, 25, 28, 39). The more
recently proposed taxa A, veronii by, veronii, A, scludhertii,
A. Jandaei, and A. rrota, although isolated in smaller num-
bers thus far, do have unusual biochemical markers that
facilitate sereening for these taxa in clinical laboratories (8,
10, 21, 22).

However, there was no single identification schema tor
identifying clinical Acromonas isolates to the species level
that incorporated all of these findings. The previous taxo-
nomic studies of large numbers of clinical acromonads
focused almost exclusively on fecal isolates, usually from
Just one geographic location (3. 4, 24, 31), whercas our
rescarch encompassed a variety of clinical isolates from very
diverse geographic locations with a smaller number of vet-
erinary and environmental isolates as well. It was only when
a large number of diverse strains were examined by an
extensive number of tests using standard methods of identi-
fication with well-defined media and reagents that a work-
able identification system was developed. When Acerokey 11
is implemented in many different laboratories, we can begin
to measure the true frequency and distribution of Aeromo-
nas species from clinical isolates both within and between
laboratories,

The ability of Acrokcey 1 to correctly identify 97% of the
60 coded clinical isolates from an independent faboratory
and 100% of the reference strains to the species level
qualifies Acrokey Il as a reliable and accurate system for the
identification of the Acromonas taxa isolated from clinical
specimens to date. Additionally, use of the other discrimi-
natory tests listed in Table 3 in conjunction with Acrokey 1
allows microbiologists to substitute tests at cach step as
desired; e.g.. resistunce 1o cephalothin could be replaced
with cither pyriazinamidase activity or ornithine decarboxyl-
ase to differentiate between A, veronii by, veronii and A.
hvdrophila. Finally, Acrokey 11 can be modified to end on
the left side of the dichotomous key with 4 positive reaction
for indole production leading to an identification ol A.
veronii by, sobria (dashed line in Fig, D, should a clinical
laboratory choose not to screen for the newer species at this
time.

Acrokey 11 has already been incorporated at the bench

J. CLIN. MICROBIOL.

level of the hospital laboratory of one of the authors of this
article (A. M. Carnahan) and involves setting up the follow-
ing for cach Acromonas isolate: an API-20E strip, a TSI
slant, a bile esculin hydrolysis agar slant, an /129 disk (150
pg/ml). and a Bauer-Kirby antimicrobial susceptibility panel
that includes cephalothin (30 pg). Because of the good
correlation between results derived by conventional meth-
ods and those derived by the API-20E strip method (Table
2, four of the seven tests needed for Acerokey 11 can be tuken
from the API-201 strip: Voges-Proskauer reaction, acid
from arabinose. acid from sucrose, and indole production
(negative indole reactions should be confirmed by Ehrlich’s
method). However. it is imperative that all isolates be
presumptively identifica as Aeromonas spp. before Aerokey
H is used. i.c.. they must be oxidase-positive, glucose-
fermenting, gram-negative rods that are resistant to /129
(150 pg/mh. Acromonads are also unable to grow in a 6.5%¢
NaCl broth. It is cqually important that all tests based on
Acrokey I are set up from a pure overnight culture of the
Aeromonas isolate taken from a single colony. This proce-
dure is recommended because biochemical tests set up
directly from a colony growing on an inhibitory primary
plate such as cefsulodin irgasan novobiocin agar (CIN) or
MacConkey agar may carry over minute colonies of organ-
isms such as Enterococcus spp. that would give a false-
positive result for esculin hydrolysis at the start of Acerokey
I1. Finally, we reiterate that the esculin hydrolysis test must
be set up with an agar formulation only and that the
determination of resistance to cephalothin must be accom-
plished by the Bauer-Kirby method only.

Because of the absence of large outbreaks of discase
caused by Aeromonas spp. and a single, unsuccessful human
volunteer trial, we have thus far been unable to consider
Acromonas spp. definitively as singular, significant caus-
ative agents of human gastroenteritis (35). Although Koch's
postulates have not been fulfilled, promising rescarch on
animal models (19, 38) and virulence features such as hemo-
lysin and pili (12, 23) is being done. Perhaps, when accurate
identification to the species level is combined with ongoing
and future studies on pathogenesis and epidemiology, we
can begin to determine why only certain genospecies appear
to predominate in clinical specimens, whether they are
cqually distributed in the environment, and most importantly
what is distinguishable about those subsets of acromonads
within cach species that appear to be capable of causing
discase in humans. Such information will be invaluable in
understanding the role of the immune status of the host and,
perhaps, culminate in successful human volunteer trials.
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ABSTRACT

Pig, beef, sheep and turkey fecal specimens were assayed
for recovery of inoculated Aeromonas sp. by directly plating
the samples on five different agar media. Of these, starch-am-
picillin was optimal with respect to selectivity and alility to
differentiate from other resident microflora. Generally, the
numbers of inoculated Aeromonas sp. recovered on starch-am-
picillin agar were similar to those recovered on brain heart
infusion and blood ampicillin agar media, and were 10" to
10 greater than the recovery rate on cither MacConkey-am-
picillin or cefsulodin-irgasan-novobiocin agars. The sensitivity
for the direct recovery of Acromonas sp. from inoculated beef
feces with naturally contaminating microflora. using streaked
starch-ampicillin agar medium, was between 107 and 10 cells
per gram. Using starch-ampicillin agar, the incidence of
Acromonas detected from feces of beef, pig, sheep and wrkey
held at the Beltsvitle Agricultural Rescarch Center was one
of 32, none of 22, none of 24 and three of 21, respectively.
Based upon current taxononic criteria, the isolate from the
beef feces had characteristics consistent with both Aereronas
sobria and Aeromonays caviae, whereas three isolates fro. tur-
key feces were identified as A, caviae or Acromonas hydro-
phila. The organism was isolated from five of five packages
of ground beef from retail sources. The discrepancy in the
consistent presence of the organism in retail meat suggests
that many of the food isolates are probably not of fecal origin.

Aeromonas hydrophila and Aeromonas sobria have
become increasingly implicated as causative agents of
human gastroenteritis and important causes of wound in-
fections and septicemia (2,9,70). The primary source is
thought to be water (/2), with cortaminated waters
(3.13) and fish (/1) serving as likely vehicles for human
gastrointestinal infections,

Aeromonas sp. are psychrotrophic bacteria (/8) and
can be recovered from chlorinated drinking wier sam-
ples (/4). In addition. A, hydrophila is a4 common con-
taminant in foods of animal origin (4,6-8,/6). Palumbo
ct al. (/7) recovered the organism from virtually all Tin-
fish. shelfish, raw milk, chicken, veal, beef and lamb
that they sampled. The only product failing to yield
"y Department of Agriculture.

“Umversiy of Marvlund.

Aeromonas sp. was fresh sausage, and this was likely
due to the high salt content of the product.

Because human  gastroenteritis  caused by the or-
ganism has primarily been associated with vehicles of
aquatic origin, it scemed curious that such a large
number of foods of animal origin not associated with
the aquatic environment also carried Aeromonas  sp.
Yet, to our knowledge, no outbreaks associated with
these foods have been deseribed in the literature. Be-
cause gram-negative human  enteropathogens are  fre-
quently transferred from the feces of livestock animals
to meat tissue, which can then serve as a vehicle for
the organism, we became interested in the rate of fecal
carriage among food animals. The purpose of this inves-
tigation was to perform an abbreviated assessment on
the frequency of isolation in fecal specimens from these
animals after optimizing our ability to detect Aeromonas
sp. by directly plating livestock feces.

MATERIALS AND METHODS

Media

Five agar media were used in this study: (a) starch-ampicil-
lin agar (SA) as described by Palumbo et al. (17); (b) Mac-
Conkey-ampicillin agar (MA) consisting of MacConkey agar
(BBL, Cockeysville, MD) supplemented with 10 mg ampicil-
lin (Sigma, St. Louis, MO) per L: (¢) brain heart infusion
agar (BHI, Difco, Detroit, MIy; (d) BIHI-blood-ampicillin
(BBA) consisting of BII agar supplemented with 50 ml of
defibrinated sheep blood (Otisville Biotechnology, Inc., Otis-
ville, NY) and 10 mg ampicillin per L; and (¢) cefsulodin-ir-
gasan-novobiocin (CIN} agar (Gibco, Madison, W1y as de-
scribed by Feeley and Schiemann (5).

Cultures

The following isolates of Aeromonas sp., supplicd by M.
Janda (Mt Sinai Hospital, New York), were used in these
studies: A hvdrophila (MSH 11, A, sobria (MSH 24), and
A, caviae (MSIT 05). Cultures were streaked onto BHI agar
and identity confirmed by the use of APL 201 (Analytab,
Plainview, NY) analyses and taxonomic criteria described by
Popott (/8). All agar plates in the isolation and enumeration
studies were incubated at 35°C.
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Methods

Fecal materials were collected from sheep, cattle (6 to 9
months old), pigs and turkeys focated on the Beltsville Ag-
ricultural Rescarch Center, Beltsville, MD. Samples were
gathered from fresh droppings, except for occasional cattle
specimens collected directly in the abbatoir, in sterile petri
plates and returned within 1S min to the laboratory for auto-
claving (15 min, 15 psi) or for unmodifed use in isolation
studies. Feces (1 g) was suspended by vortexing with 9.0 ml
of physiological saline solution (PSS) contining dilutions of
overnight cultures of Aeromonas sp. grown on BHI agar and
harvested into PSS Serial decimal dilutions were made in
PSS and 0.1 ml was spread plated onto the five agar media
described above. After overnight incubation, numbers of col-
onies on countable plates were determined and three to five
typical colony tvpes per plate were tested for positive catalase,
oxidase and stirch hydrolysis activities. Subsequently, the 1so-
lates were characterized as Acromonas sp. based upon API
20E analysis, and the component species were determined by
KCN. salicin, VP, glucose/gas and esculin tests. Reactions
which are characteristic of cach species are shown in Table
I, and are consistent with the taxonomic criteria described by
Popoft (18).

The influence of a particular medium on the quantitative
recovery of the three inoculated Aeromonas sp. cultures was
assessed both with sterile feces and  with feces containing
naturally occurring microflora. This approach was used to de-
termine which of the media produced optimal quantitative re-
covery, and that level at which the organisim could be consis-
tently detected by direct plating. Uninoculated fecal samples
from the above mentioned livestock species were assessed for
presence of Aeromonas sp. using SA medium, which was de-
termined the most useful medium. To further verify our capa-
bility in recovering the organism, we analyzed five packages
of ground beef, which has been reported to harbor Acromonays
sp. (17), from five retail outlets for the presence of the or-
ganism.

RESULTS AND DISCUSSION

Data indicating the capability of the five selected
media to support growth of the three clinical isolates
of Aeromonas sp. which were suspended in fecal mate-
rials from four livestock species are shown in Table 2.
With the exception of A, sobria in beef feces, the trends
observed for azromonad response were similar irrespec-
tive of the type of fecal speciumen tested. In general
the source of fecal materials had little effect on the abil-
ity of the organism to produce colonies. However, both
the bacteriai species and the media used for enumeration
did have substantial influence on quantitative recoveries
(Table 2). BBA medium generaily supported the best
growth of Acromonays sp. yielding an average of 7.61
logy, CFU per g of feces. The next most productive
medium, BHI, had an average of 7.27 log,, CIFU per g
of feces. With cach of the other media assessed, there
was reduced recovery of AL caviae or A, sobria. The
diminished recovery of AL caviae and A. sobria on these
four media may be explained by strain differences or
may be characteristic of these species.

AL sobria was recovered at consistently high levels
on BBA. BHI and SA recovered shightly less of the in-
oculated organisms, MA fewer yet, and CIN did not
permit recovery of AL sobria at the leveis tested, From
the sterile livestock feces inoculated with AL hvdroplila,

all of the media tested recovered similar numbers of

MICToOTganisms.

The efficacy of the five media tested for selectivity
and sensitivity in the recovery of Aeromonas sp. from
feces is shown in Table 2. In general, BHI and BBA

67

TABLL 1. Incidence and classification of Acromonas sp. recovered from livestock feces wsing starch ampicillin agar for recovery.

Fecal source Recoveries/Fecal samples assayed

Beef 1132
Pig 0/22
Sheep 0724
Turkey 321
Total 4/99

Taxonomic criteria used (/8)

Aeromonas KCN Salicin V-P Glurose/gas Esculin
species

hydrophilu 44 + + - +

caviae + + - _ +

sobria —b + d + _

Classification of fecal isolates

Tentative
Isolate identification
Beef - + - d - A, sobrialcaviae
Turkey | + + - d + A. caviae
Turkey 2 + + + d + A. hydrophilu
Furkey 3 + + - d + A. caviae

!+, positive reaction for indicated test.
P— | negative reaction for indicated test.
“d, differential or inconclusive reaction for indicated test.
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media yielded the greatest recoveries of the three bacte-
rial species tested, with SA and MA supporting slightly
fewer numbers, and CIN being the least productive in
recovering  acromonads, BHI was  nonselective  and,
therefore, not particularly useful for recovery of the
target bacteria. BBA, although preductive, was not dit-
ferential. While both MA and CIN were selective, they
were moderately substantially — inhibitory  to
Acromonas sp.. vespectively. In contrast, SA medium
was highly selective and yielded consistenily bigh re-
coveries. Generally, the selective honey-yellow colony
color surrounded by w yellow zone facilitated presump-
tive wdentification of the isolates after 16 to 24 h of in-
cubation.  Occasionally, i oo lengthy an incubation
time was allowed, the colony color would turn red.
With this caveat we proceeded to use SA medium tor
further isolation work.

We determined the sensitivity for recovering inocu-
lated AL sobria and A, Ivdrophila from fecal materials
by direct plating. At levels between 2 and 3 log,,. we
were able to consistently 1ecover the organisim. Below
this level of inoculation. the organism was diluted out,
and the bacteria could not be recovered. The fimit of
the dircet plating detectnon metbod is acknowledged,
and an enrichment method was subsequently developed
after our work was initiated (/). We did not attempt
to isolate all Aeromonas sp. present in livestock feces.
Rather, we wanted to determine whether the organism
was prominent and widely distributed among those ani-
mals which we sampled. Because Aeromonas sp. are

and

consistently  found on meat tissues, we used methods
adequate for detecting the arge numbers which nezd to
be present in feces o provide this distribution. It also

TABLE 2
media andior competing flora.

Fecul Acromonas

source species BHI CIN SA
A. sobriua

Beef 596" 300 598

Pig 677 400 680

Sheep 6.94 <40 635

Turkey 8.05 <400 7.25
A. hydrophila

Beef 7.57 7.22 7.44

Pia 7.94 7.0 779

Sheep 7.82 KOO 8.06

Turkey 8.60 8.37 8.7
A. caviae

Beel 4.99 < 4.0 4. 8%

Pig 6.78 - 400 6. .80

Sheep 5.59 SO0 613

IErI:L_) 7.79 4.0 7.73

“BHI, brain-heart infusion agar; CIN, cefsulodin-irgasan-novobiocin agar; SA, starch ampicillin agar;, MA, M

agar; BBA, BHI-blood-anpicillin agar.

- Quantitative recovery of Acromonas sp. inoculated into sterile o non-sterile livestock feces as influenced by sele

Sterile fecal milie

Recovery media

clive
- o an\«(crllc fecal milicu
w oo Recovery media
MA anljli/\ BHI CIN SA MA HBBA
<2400 7.19 7.04 < 4. .55 < 4.0 7.10
572 7.12 0.5% <400 6.90 5.79 7.16
6.03 7.34 0.6 4.0 6K 6,29 7.45
7.22 7.91 K.29 4.51 7.90 7.28 8.14
7.34 7.87 7.52 7.01 5.19 7.16 7.54
7.57 7.78 7.91 7.56 7.89 7.85 7.89
§.01 K.09 .12 7.93 K.27 7.94 8.07
¥.15 8.03 8.62 §.30 8.0l ¥.28 8.03
478 0.65 719 40 5.83 5.27 6.03
65] 7.48 7.43 <400 718 6.80 7.80
5.37 7.585 06.09 <400 0.10 5.03 6.77
7.58 7.72 7.96 5.80 7.94 7.52

STERN ET Al

seenis reasonable to anticipate fewer acromonad isola-
tions and inconsistent contznmnation of meats if only
low numbers are present in the fecal materials.

The low incidence of Aeromonas sp. isolated from
fecal materials of the animals sampled is shown in
Tuable 1. Only four of 99 fecal specimens sampled
yielded indigenous Aeromonas sp. By comparison, Gray
found 11.8% of 459 tecal speeimens trom horses, pigs,
sheep and cows to contmn Aeromonas sp. (8), whereas
Morse and Hird (/75) isolated A. hvdrophila from 5.7%
of 280 slaughter swine lymph nodes. The low incidence
of Aeromonas sp.in red-meat animals suggests that var-
iation in exeretion of the organism amonyg herds can be
expected and, perhaps, even controlled. On the other
hand, in the present study, turkeys had @ comparatively
high incidence of Aeromonas sp.. and the potential pub-
lic health significance remains to be confirmed.

Based upon the observations of Palumbo et al. (17)
who have consistently found the organmism present in
foods of animal origin, we attempted to confirm cur
methodology and sampled five ground beef packages
from retail steres for the presence of the organism.
Aeromonas sp.owas isolated from each of the packages,
using the same method that was used for the fecal
specimens.

During poultry processing, fecal maiter with human
enteropathogens  may  contaminate meat products by
being distributed through common water rinses. Con-
sequently, i few contaminated birds can transmit the or-
ganism to large numbers of uncontaminared carcasses.,
In the case of red meat slanghter, cach carcass may be
subjected to contamination by its own intesdnal content,
but comparatively minimal transfer is made between

-y
"

8.06

acConkey ampicitlin

"Mean logy,, colony-forming units per g of feces for duplicate samples,
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sarcasses. The intestinal carriage of Aeromonas sp. in
poultry may or may not be the source of Aeromonas
contamination of poultry meat products which has been
reported by others. The very low carriage rate of
Aeromonas i red meat animals and the processing tech-
niques used cannot explain the high distribution of
Acromonas sp. on red meat products. An alternative ex-
planation is nceded regarding the source of these or-
gamsms on these foods. Also, means for discriminating
between those Aeromonas sp. which are a potential pub-
lic health hazard and those which are Jess capable of
causing discase in humans is needed. A possible expla-
nation lies in previous observations (10,19). Acromonas
sp. is a major component of the total bacterial popula-
tion in aguatic enviromments, especially those containing
chlorine and those which are heavily polluted. It follows
then that in environments where carcasses are processed
with chlorinated waters, acromonads have an opportu-
nity to thrive in large numbers, consequently leading to
colonization of meat products.
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eromonads are ubiquitous
oxidase-positive, polar
flagellated, glucose-fermenting,
4 "~ facultatively anaerobic, gram-
negative rods that are
autochthonous to aquatic environments
worldwide.' Although recognized for over 100
years, interest in these organisms has steadily
increased mainly in the last 10 years as
evidenced by an almost exponential increase in
literature citations. Aeromonads were initially
considered “opportunistic pathogens™
primarily in immunocompromised ind? Juals
with a possible link to enteric disease.?
However, aeromonads have been isolated
from a variety of both cold- and warm-
blooded animals, including immunocompetent
human individuals of all age groups.
Specimen sources include blood, bone, tissue,
spinar iiuiu, plevral fluid, bile, urine, sputum,
animal bites, aqu atic-related wounds and
stools.'

Several studie representing various world-
w:de distributions ave presented a strong
case for some Aeromonas species as entefic
pathogens," * despite an unsuccessful human
volunteer trial or fulfillment of Koch's
postulates. Although Aeromonas possesses
various virulence mechanism(s), which may
contribute to the cause of disease (e.g.,
Yemolysin, cytotoxin, elastase, protease,
siderophore production, S-layer),* there is still
a tack of understanding as to why some
aeromonaos may be more pathogen:c than
others.

While there is some uncertainty
currounding Aeromonas causation in enteric
disease, identification of Aeromonas to the
species level is recommended. Although
Aeromonas taxonomy was in a constant state
of flux for many years, in the last 5 years at
least nine different phenotypic species
(phenospecies) have been established from
among at least 14 different DNA hybridrzation
groups {(genospecies).’ Only seven of these
phenospecies have hean implicated in human
disease: A. trota, A. jandaei, A. veronii
biogroup sobna, A. veronii biogroup veroni,
A. schubertii, A. hydrophila and A. caviae.

tmportantly, there is evidence for the
presence of species-related diseases such as
the association between bacteremia and

A. veronii biogroup sobna (formerly A. sobria),*
pediatric diarthea and A. caviae,” aquatic
wound infections and A. schubertii* and
wound infections with A. hydrophila following
the use of medicinal leeches.*

The isolation of aeromonads is very
straightforward with over 25 different media
having been proposed to date for the detection
of aeromonads." Most of these media v :re
developed to enhance the isolation of
aeromonads from stool specimens. However,
aeromonads do grow quite readily on most
laboratory media at temperatures ranging from
4 10 42°C. They may be canfused initiaily with
Escherichia colli, since they often ferment
lactose.

Trypticase® Soy Agar with 5% Sheep Blood
is 2n excellent medium for isolating
aeromonads, whether used in a stool set-up or
as part of a routine set-up for wound,
respiratory or miscellaneous cultures.” This
permits screening for oxidase activily and
testing for indole production. Furthar,
vbserving for the presence or abserce of
different types of hemolysis may indicate the
presence of more than one species of
Aeromonas.

There are several media available for
isolation of aeromonads that include 10 g of
ampicillin to inhibit normal enteric flora and
facilitate the isolation of aeromonads, which
are generally considered 10 be resistant to
ampicillin. However, these media should be
used recognizing that there are numerous
references to i“ie 1solation of ampicillin-
susceptible Aeromonas strains. The most
recently proposed species, A. trota, is
susceptible to this concentration of ampicillin
and, of those isolated to date, almost all were
1solated exclusively from stool specimens.”

It a selective medium is desired for solation
of aeromonads from stool specimens, CIN Agar
containing cefsulodin, Irgasan® (Ciba-Geigy)

and novobiocin is recommended since
Aeromonas grows quite readily on it at both
25°C and 37°C. Also, CIN Agar allows for the
simultaneous screening of stool specimens for
Yersinia." Although primary enrichment is not
recommended for the isolation of Aeromonas
from routine stool specimens at the present
time, enhancement of low numbers of
aeromonads can be accomplished using
Alkaline Peptone Water." This procedure
enables detection of those patients who may
be either chronic carriers or may have a
subclinical case of Aeromonas gastroenteritss.

After initial isolation of the organisn:, the
single most important test result for
presumptive identification is the determination
of a positive oxidase reaction (Table 1). This
test must be performed on a nonselective
medium, such as Trypticase Soy Agar with
5% Sheep Blood, since false-pwsitive reactions
€an occur in media where acid production
from carbohydrates has resuited in a lowered
pH; e.g., as observed on MacConkey Agar."
The other tests listed in Table 1 are useful to
differentiate Aeromonas from the two most
closely related genera, Plesiomonas and Vibrio.

Although nearly all rapid identification
systems can easily recognize an isolate as
Aeromonas hydrophila Group or Aeromonas
hydrophila Complex, most are unable to
identify to the level of sgecies for several
reasons. First, there is a lack of sufficient
discriminatory tests to determine inter-genus
and inter-species differences. For example, A.
caviae 's lrequently identified as V. fluvialis and
either a salt tolerance test or demonstration of
resistance to Vibriostatic Agent 0/129 must be
done (Table 1). Secondly, A. hydrophila and
A. veronii biogroup sobria, indistinguishable
from each other in most rapid systems, require
additional analysis (Table 2). Finally, there is a
lack of correiation between accepted results
for tests using conventional media as

TABLE 1  Salient Features for the Identification of Aeromonas

Aeromor.as Plesiomonas Vibrio
Gram reiction . - -
Oxidase actwvity + + +
Resistance to 0/129*
10 g + +/- +/-

150 ug + - .
Gruevth in 6% NaCl - - +
Acid from

Glucose + + +

tnouitol . + .

Manu.itot +- - +

Sucrose +- - +/
Gelatin

hquefaction + - +

*Vibnostatic Agent {2,4-diaming-6, 7-diisopropylpteridine)

{continued on page 2)
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compared to modifications used in the rapid ID
systems; i.e., esculin hydrolysis and
decarboxylase reactions.”

Hawever, there are discriminatory
biochemical and antimicrobial tests that can be
employed to accurately biotype those species
of Aeromonas isolated from clinical specimens
(Table 2).¥

1t is suggested that clinical laboratories
make every attemnpt to biotype their
Aeromonas isolates t0 the level of species.
There are inherent diflerences in pathogenicity
between species and differences in
antimicrobial susceptibility, such as resistance
to cephalothin, that may influence the
physician‘s subsequent successful treatment of
the patient.'

Finally, it is only with accurately biotyped
clinical Aeromonas isolates that the necessary
follow-up studies can be conducted to resolve
the etiologic paradox of these aquatic
microorganisms; thereby establishing or
abrogating them as bona fide entes::
pathogens.

TABLE2 Comparison of distinguishing profiles of clinical Aeromonas specles*

A A Awveroni  A.veronii A. A A
trota fandaei  biogroup  bxogroup  schubertii  hydrophila  caviae
3 veronii

Esculin hydrolysis - - - + - + +
Voges-Proskauer - + + + v + -
Cellobiose + - - + - . v
Gluconate oxidation - + + ND - + -
Fermentation:

Arabinose - - - - . v +

Mannitol + + + . + +

Sucrose - . + + . + +
Susceptibikty.

Ampicillin H R R R R R R

Carbenialiin S R R R R R R

Cephalothin R R S H S R R

Colistin® H R S S S v S
Decarboxylase: .

Lysine + + + + + + -

Arginine + + + . + + +

Ornithine - - - + - - .
indole + + + + - + +
H,s* + + + + - + .
Glucose (gas) + + + + - + -
Hemolysis A + + + + + v

(5% sheep erythrocytes)

*Reprinted from Joumal of Clinkcal Mrrobrology (12) with permission of the publisher.

- ® Negative; ¢ = positve; V = vanable, S = susceptible; R x restant; ND = no data.

& = MIC single dilution, 4 pg/ml
b = H,$ from GCF medium (Gelatin Cysteine Thiosulfate).
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Editor’s Note: Trypticasa Soy Agar with 5% Sheep Blood
wath Ampicilin is availabie from Becton Dickinson
Microbiology Systems in a package of 20 plates (Cat No
97346); CIN Agar 15 avaiable in a package of 10 plates
{Cat No. 21848); Alkaline Peptone Water 15 available i
packages of 10 and 100 tubes (Cat. No. 97814 and
97421, respectively).

View Blood Cultures in a Whole New Way

uring Aoril, Becton Dickinson
Microbiology Systems
introduced its newest product
. offering — the BBL® OptiCuit™
System for the rapid detection of
microarganisms in blood specimens.

Isolation of microorganisms present in
blood specimens generally requires removal of
a small sample of the blood-broth mixture
from suspected positive culture bottles
followed by streaking on isolation media. The
recovery time can be significantly reduced
when agar media constitute an integral part of
the culture bottie system and are inoculated
and incubated along with the inoculated
broth.

The BBL® OptiCult™ System is a two-
sectored disposable plastic device containing
culture media for atiachment to 5- and 10-ml
draw BBL® VACUTAINER® brand blood culture
bottles (Fig. 1).

One side of the OptiCult device contains
Chocolate Agar (Modified) for the cultivation
of fastidious organisms. The other side
contains MacConkey Agar for the cultivation
and differentiation of gram-neyative enteric
bacitti.

Upon arrival of the inocuiated blood culture
bottle in the laboratary, the OptiCul; culture
device is screwed onto a VACUTAINER brand
blood culture bottle and bathed with
the blood-broth mixture. Periodic subculturing
of the broth is perforred by inverting the
bottle and OptiCult device, allowing the
blood-broth mixture to fiil the OptiCult

chamber, and returning the system to an
upright position.

During incubation, the broth can be
examined for evidence of microbial growth
and, at the same time, the OptiCult media
can be examined for colonies. The agar-
containing cap of the OptiCult device can be
unscrewed, providing easy access to colanies
for selection and further processing.

To facilitate incubation and inoculation by
inversion of the VACUTAINER brand culture
bottle-OptiCult device combination, an
OptiCult Invertible Rack has been designed
(Fig. 2).

The OptiCult System’s features and
benefits include:

* Can save one day in recovering
microorganisms from positive blood
cultures.

¢ Engineered to fit the BBL® VACUTAINER®
brand blood culture battle.

* Petri dish shape optimizes view.ng of
recovered organisms.

* Uses BBL Chocolate and MacConkey
Agars.

The OptiCult device and invertible rack are
available from distnbutors of BBL brar.d
products as Cat. No 4349150 ior a package
of 10 devices and Cat. No. 4321996 for one
rack.

For information, checr the appropriate box
and return the information request coupon on
page 4.

. Fig. 1
o BBL® OptiCult™ device
‘ attached to a BBL® VACUTAINER®
' brand culture bottle.
¥
)
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Fig. 2
OptiCult™ /nvertible Rack
holding ten OptiCult™ systems,




