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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 isolation is approximately 20%. 

Our intent originally was to collect isolates worldwide, including Bangladesh, and 

study them to determine which virulence features were primarily associated 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 

eventually contribute to a means of i-fermation 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 parts 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, 
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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 become 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 region 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 aeromonads 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 was 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. 

Whilk 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. 
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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(,,int on 

autogglutination, serum susceptibility and adhesion of aeromonads. 
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Materials 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.
 

hydroDhila, AMC#I) was chosen, grown in 50 ml TSB for 4h at 370C,
 

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 10-fold
 

dilutions of the original suspension were made and 0.1 ml from 106,
 

107, 108 fold dilution tubes were plated on TSA plates in duplicate,
 

incubated at 370C 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
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cells/ml. Using this number as the titer df 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 Method)
 

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.
 

B. 	 Growth of Bacterial Cells. Each strain was grown on Tryptic
 

Soy Agar (TSA) and incubated at 370C 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 -700C.
 

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 370C, a
 

single colony was transferred to a 250 ml culture flask containing
 

50 ml Tryptic Soy Broth, incubated in a water bath shaker at 370C
 

for 3 to 4 hr. at 250 rpm, transferred to 50 ml screw capped
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centrifuge tubes and centrifuged for 15 min. at 5000 rpm (4068 g) 

(4oC). The pellet was washed in 50 ml PBS (pH = 7.4) twice and 

finally Has 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
 

(O.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 50C overnight. The next day
 

it was centrifuged at 5000 rpm (4068 g) (40C) 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 -700C. 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 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 u' 250 ul 250 ul
 

Each Eppendorf tube was incubated in the water bath at 370C
 

immediately after the addition of serum. After 15 and 45 minutes of
 

incubation, 50 ul from each tube was spread on a TSA plate by the ase
 

of a sterile glass rod. The plating was done in duplicate. The plates
 

were incubated in a 370C 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
 

OC. A loopful of growth from each aliquot was streaked on a TSA plate
 

and incubated at 370C 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 370C. A multipoint inocculator
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(6x8) was used to inocculate bacteria from overnight cultures to a new
 

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

the plate at 370C 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 370C for 3 hrs. after which
 

the results were read and recorded using the following system:
 

Yellow 0------- Resistant
 

Very light green = 1------- Intermediately Resistant 

Light green 2------- Intermediately Resistant
 

Blue = 3------- Sensitive 

The following illustration shows how a microtiter plate was set up
 

to do the assay.
 

Content Microtiter Plate
 

All across the row 1 2 3 4 5 6 7 8 9 10 11 12
 

aControl (no serum) A
 

b30% serum B
 

Control (no serum) C
 

c50% serum D
 

Control (no serum) E
 

30% serum F
 

Control (no serum) G
 

50% serum H
 

SControl contains 150 ul of PGB + no serum.
 

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

c50% serum contains 75 ul PGB + 75 ul serum (75ul/1501Il=50%)
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In each column, two different strains (A through D) and (Ethrough
 

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 serum 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 serum
 

was justified by observing the same results obtained in assays
 

performed on strains AMC #6, and MSH-34 with my own serum. They were
 

both sensitive to my own serum as they were to 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 Sigua Chemical Co. The description 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 370C 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 ml
 

bicarbonate buffer (0.2 M sodium bicarbonate, pH = 8.2).
 

From this stock suspension, 0.5 ml was transferred 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 aliquot 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 -70oC. On 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 370C and in the presence of 5% C02. After
 

fo-mation 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% C02 at 370C 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 700C 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 370C for 3 hr and washed 3 times with PBS 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
 

thawed, resuspended biotinylated strain AMC #1 in PBS were made and 0.1
 

ml from 105, 106, 107 and 108 fold dilution tubes was spread on
 

corresponding TSA plates. There were nu colonies on 10B plates, 2
 

colonies on 107 platec, an average of 50 colonies on 106 plates, and
 

more than 300 colonies on 105 plates. Therefore, the titer of the
 

suspension was determined to be 5x10 8 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 370C
 

for 40 min. Then, the wells were washed %ith 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 700C for 15 min. After
 

this period of incubation, 100 ul of avidin-peroxidase conjugate (APC)
 

was added to each well and the plates were incubated for 30 min. at
 

370C. Then, the plates were washed 3 times with PBS and blot dried as
 

mentioned above, followed by addition of 100 ul of
 



orthophenylenediamine (OPD) solution to each well. 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 34 ...12 

H cell + 
Bacterial 
Strain 

H cell + 
Bacterial 
Strain 

No H cell + 
BSA 

No H cell + 
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 VH94365 AMC #9 VM94365 VH9A165
 

F V1182255 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 assay 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
 

370C for 1 hour. Then 50 ul of biotinylated bacteria were added to
 

each well and the plates again were incubated at 370C for 1 hour.
 

Everything else was done as described in the previous experiment. In
 

this experiment a PBS column on the microtiter plate 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 Experiment. 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
 

nm 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 (for strain AMC #1)was determined as explained before (5x108
 

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 th 1.ml suspension was incubated at
 

370C 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 of 100 ul of OPD. The color was allowed to develop for 15
 

minutes and the absorbance at 450 nm was measured. Then, based on the
 

values oi absorbance obtained in this experiment, the graph of the
 

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

plotted. (See Appendix)
 

Autoagqlutination Experiment
 

Eighteen different 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 37oC, 10 ul from each Eppendorf tube was then
 

transferrad to (16x125 mm) *eqt tubes containing 6 ml BHI broth. A.
 

hydrophila strains were incubated at 370C, and A. sobria strains were
 

incubated at 29'^. 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 aiter 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 species could have differing characteristics for 

spontaneous pelleting (SP) or pelleting after boiling (PAB). If this phenomenon can be 

regarded as a virulence factor, these findings suggest that some 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. AB3-25 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 I 



Table 1. Autoagglutination and serum survival analysis of thirty-five strains of 
Aeromrnas sp. 

Source 
and 
Strain # Donor # 

Organism I.D. 
Run #1 
Results 

SP4 PABb 

Run #2 
Results 

SP PAP 

Serum Survival Assay 

Viable Micro-
Cell Count color­

metric 
Assay 

Stool 34 MSH-5 Aeromonas sp -c +d ND S S 

10 AB3 A. trota (' - - R R 

11 

12 

AB3-5"" 

AB3-15 "°  

A. trota (N) 

A. trota (N) 

-

-

-

-

+ 

-

R 

R 

R/S 

R/S 

13 AB3-25' " 
A. trota 
(Grp 5A)- - - - R R 

Stool 42 UM94303 
A. caviae (V) 
(Grp 5A) - - - ND R 

Stool 44 UM82255 A. caviae (V) -- - ND R 

I 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 28 AER-321 A. hydrophila (H) + + + + S R/S 

Env. NMRI-l Aeromonas sp 
(Grp 4) 

No Growth ND No Growth 

Env. 40 NMRI-2 A. caviae (X) - - ND R 

Env. 20 NMRI-3 A. hydrophila (H) - + ND S 

G.I. 

Lung 

NMRI-4 

NMRI-5 

Atyp. A. 
.hydrophila (D) 

A. hydrophila (H) T 
- ND 

ND 

ND 

ND 
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Leg 
wound 
23 NMRI-6 Aeromonas sp 

ND R/S 

Leg 
wound NMRI-7 A. hydrophila (H) 

- + ND ND 

Env. 

Env. 24 
Env. 21 

NRMI-16 

NMRI-54 
NMRI-55 

A. hydrophil (H) 

A. hydrophil (H) 
A. hydrophila (H) 

-

-

+ 
+ -

-

+ 
+ 
+ 

ND 
R 
ND 

ND 
R/S 

S 

Env. 22 NMRI-56 A. hydrophila (H) - + ND S 

Bid. NMRI-124 Aeromonas sp H - ND ND ND 

Bld. NMRI-125 Aeromonas sp - ND ND ND 

Foot 
wound NMRI- 150 Aeromonas sp - - ND ND ND 

G.I. 

G.I. 
G.I. 

NMRI-203 

NMRI-204 
NMRI-206 

A. hydrophila (H) 
A. hydrophila (H) 
Aeromonas sp 

+/-

-

+ 

+ 

--

+ 

-

+ 
+ 
-

ND 
ND 
ND 

ND 
ND 
ND 

G.I. NMRI-208 Aeromonas sp + ND ND 

(Grp 4) 

G.I. NMRI-209 A. caviae (X) - ND ND 

G.I. NMRI-210 Aeromonas sp + -' ,- ND ND 

Sputum NMRI-214 Aeromonas sp 

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

ISP, Spontaneous pelleting 
'PAB, Pelleting after boiling 
C-, negative; d+, positive; 'ND, Not d.temined 
fC-J cluster group 

- ND ND ND 

9DNA hybridization group 
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Table 2.: Experiment I: Adhesion of Aeromonas to Hela cells in Elsa
 
adhsion assay.
 

Absorbance measured at A450
 

# *Donor's # 	 Hela cell 
Fela c e ll4BSA+Aeom~s 

23 N6 .169 

34 MSHT-5 .099 

29 AER-218 .177 

13 A33-25 .476 

42 VM94303 .103 

AA VM82255 .109 

24 N54 .152 

7 AMC#7 .128 

1 AMC#1 .11'5 

25 AE?.-76 .105
 
2 	 AM%C-#2 . 084 
28 AER321 .109
 
a AMC#? .126
 
10 AS3 .148
 

F3S* .058
 

PES was used as control blank.
 
. CE.SA: Treated with BSA.
 

* Not tested.
 
* '* SESA: Not treated with ES-.. 

No Hela Cell
 
CBSA** SBSA***
 

.191 .272
 

.144 .232
 

.148 .259
 

.143 .295
 
-.146 .2 1
 

.143 .34.7.
 

.310 .240
 

.176 .322
 
***
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Table _: Experiment II, Adhesion of Aeromonas to HeLa Cells in ELISA Adhesion
 

Adhesion Assay
 

No 
Hela Cells Hela Cells 

Strain Donor 
Number Number sleca Llb L2 L3 L4 L5 L6 L7 PBSc cBSAa 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 .511 
2 AMC #2 .388 .430 .380 .354 .457 .446 .460 .598 .351 .325 .427 

a s lec: 	 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.
 

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).
 

c 	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 column. 

d 	cBSA = Treated with BSA
 
sBSA = Not treated with BSA
 



Table V:Exeriment III:Adhesiori of Aeromonas to He-a cells in -SA adhesion assay. 

A450 
Strain Donor's # Bacteria* PBS** 

23 N6 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 A33 1.045 .015 
2 AMC 2 0.924 .021 

*--e averaxe of t'o values of A450 "a- recorded taking PBS can-! value into conside: 

in t: .. 50 micro2.iters of PBS,instead of biotinylated bacteria,vas aiied to all ,ells 


colun. The column was used as con-rol blank.
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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 Al 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 strategies 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 Aeronmonas, 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 pioduction by antibody secreting cells in response to 

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

* 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: 

1. 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. Saeed Feizi, undergraduate Honor student 

9. Marie Head (technician) 



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

which 	approximately 20 students were traired. This was at no cost to the grant. 

Major Contributions: 

1. 	 Review on isolation of Aeromonas. 

2. 	 Articles on physiologic characteristics. 

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

4. 	 Articles on Taxonomy and Identification of Aeromonas. 

5. 	 Development of AeroKey II - an identification schema for Aeromonas. 

6. 	 Development of FLOABN (For Lack of a Better Name), a computer based system for 

data storage management and assessment for Aerornonas identification. 

7. 	 Workshop on Aeromonas identification held at ICDDR,B, Dhaka, Bangladesh. 

8. 	 One technician from ICDDR,B was trained in our lab for four months to be able to 

analyze and identify Aeromoiias. 

9. 	 Five M.S. graduate students andAcontiibuted to this work which was supported in part 

or totally by this Aif grant. Goo ,,otoafly hi WjC-. One of thesep 

students was from Bangladesh and one other from Bangladesh worked t6 two years 

on the project. 

10. 	 Seventeen articles, 24 abstracts and one technical article have been published with 

support of this grant. 

11. 	 Designation of two new species Aeromonas jandaei and A. trota4contributed several 

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

12. 	 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 Camahan who was untiring and 

outstanding. 

9. 	 Future work ­

(See my comments in 6 above) 

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

molecular genetics of aerolysin. 
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ABSTRACT
 

Title of Dissertation: 	 Taxonomy, Virulence and Distribution of
 
Aeromonas sp. Recovered from Clinical,
 
Environmental and Other Sources
 

Name of Degree Candidate: 	 Mohammed Afsar All 

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 enable 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 samples 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. iandaei and tie 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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ABS2RACT
 

Title of Thesis: 	 Analysis of the aerC and aerA regions
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Degree and Year: Master of Science,'1993
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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 Polymerase Chain Reaction
 

(PCR), automated DNA sequencing, and subsequent computer
 

analysis.
 

The homology of the nucleotide sequences for the aerC and
 

aerA regions was above 90%, while the protein sequences for
 

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

I 



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 changes could be
 

responsible fur the non-hemolytic phenotype displayed by
 

these two strains. These results indicate that the aerC and
 

aerA regions are highly cons;erved 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
 

homology 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.
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Sunmary 

Ntitncrical ta X0tll|illV W.i tUsed to 1.11 V (tilatai obtaitned oil 167 Acro onas strains collected froin the 
USA, N.I. Africa, Bangladsh. Idia, Inidoti.i, and Puerto Rico. TIhe strains included clinical, environ­
mental, Mid veterinar isolates. I.iach straiin \%as tested it 36 C ± I C for ,1) unit characters that itichlidCd 
niorphologic.l, biodltmical, aitini.rolial rc isttitcc, and virileticC-,tssciitcd nw,'rkers. The data for if) 
of these charactcrs \\',c .n,t1v/cd b\ the S\SfIA\.\N" program tliiig SiiipIC Nlatdling and laccard 
cCiilticieiits. At at siniltrity Co'ti.itl1 of 85".,, the. 10- srailts clustered into 12 phenon, Phis 13 single 
uinclusterd sItrains,. All cuLsters bit tte cut.iitd 01i' one. I)NA groitp defitnition strain. Tllic major 
clusters resetbled the1C bio.ar sobria, aidthree Clittical sp'cies A;otCtzon./s I,'Viiophtl,. Airomons ri'i'o 
Aeromonds 'ii., with silrllr fbr tf e species , bit vatr vcronii .ttd Ai'oilnhio ssuers JICCICS AcromotuIs i'uro 
stbuberti. Additional clitsters dllit'.te were: in "arabitnsc-mttgtis c biovar of A. bIo'druphil, ttnd 
clusters for t15o ncL\hk.ditd 1111ies. A,. j,1in ui'la1ttd A. frol. I is s,tclntitc asssment provides a 
coitlprichisise. tamotic stiudy .f geog.raphically and clitiic.tlly diverse group uf icrotnitads aid 
delineates, for the lirst time, CsseiAlic all of the currettly recoglli/ed gCtslpecies isilIg phCnttVlic 
clusteriig. 

Key words: Acrimonas - laxonomy - Clinical Isolates - Systematics - Phctiospecies - Genospecies 

Introduction 

AcroMiIonads are utbiquitouls, oxidase-pi sitive, factilta-
tiscly anacrobic, glc<se-fcrlncntilng, gram-ncgattive ni-
crioorgallisnis that are .uitochthonots to the aiqtiltic ensi-
ronnient. Thcv Ive bicen ,asciated with a in\ riad ofIdis-
case proce.sse.s no,ilg both Cold- and WArt1-bloodcd ini-
mIs (lhzla, 1991). liralMll to the rc-.oginitioti of ,.i'ro-
1n1.:I as lhuittani pathogen, the ta'tiitnsV oi the gictnts 
AitOMrMIS ,15h,L c; vcdild a1iiidst itticlh ciifuisiuin. Althoutgh 
the gintls ctirrt'ntly residti i the ftnils \'iybriotiL.aCt, 
phylogenIti studies (t'hel 't Al., 1986) IvcSresulted itt 
the priipiisal of a l'\ fauilV Acititotdl.'acC. (OatC cot-
sidercd a sitiglh In,+stiphtilic spcies, A. vilrJphila, this' 
falnils' nMV ITIhlidMes It l'.Ist 8 lhctiiCspcciCs aliM1Ig i t lealst 

.iirresponidiig author 

'SAS Institute, Itc., (a ry, N(. 

14 I)NA hybridization groips. A coni irchcisive review of 
Aronmounts taxono ytV etrmiris that of tal. (1991). 

)0/l* Mtid O'ro1tz (197) first ttsed timcricil tax­
toIIV (NT) to analy/c 68 nwsophilic acrotlittads, 
priIarily fron environneitattl sources, bascd on 20.3 mor­
phhologica, biotcheiimical, il plhysiological characteristics 
tested At 1 C. tlinlg the toe(ff:ici'tIt Of Jccrd-SncLth, 
the.'v foitlld that tihLe68 st',titi ciuMild be divided itto t 
scll-scgrcgated groips ott die basis t i9 vari.ble charac­
tCrs, Of which svtl were iif dVg, isti.C,tlhwC. TIhtse two 
gr upIS were A. bl'rophili (biosa',r X) .iLd At 'w sleCie's 
Auro,,onas so/o-1i:t (bitv,ir Y). 1'0/)o// Lt ,ll. (198I) tol­
howCd this study with a] g'nctic 11il\sis of i.5, tiilh 
Ai'rivllotnlls stratis tisitig I)NA\II)N,,\ hlt'bridi/itio by the 

S I nIt ise inttlMthod. TlWI re'slts Il tI tliw iproosall of a 
third intCsophtilic slpCiCes, A\roim its c.o'/ti, ftrm:crly an 
"at1,icrigeHic" bit iar (N) if A. by, hilb. Ii t'r, 
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these DNA studies revealeid also that within each of the 
three biochemically distinct species (phenospecies), there 
were at least 2-3 distinct )NA hybridization groups 
(genospecies) that could not be distinguished by pheniotv-
pic traits. 

F:nninget al. (1985) reported the results of an extensive 
I)NA/I)NA hybridization study conducted with a large 
nlmnber of referenc,, environnental aild clinical strains.TheyN conifirmted tiht 7-8 gCn1OSp)Cics ofl IM/[ tt ill. 

(1981 ) and cxtCndcd the nunmber of hybridizationl groups 
to at least 10. Over the next six vears, live more phcnotv-
pic species were proposted: A. i'eromii (Ilickma-lB',nn'r 
et all. 1987), A. scbubertii (tlicknl1on-Brenzer et al., 1988), 
A. tIror qhbil,a (S 'hU ett aid IhI'iL:Zi, 1988), A. i,llfill'i 
((rnabanct al. 1991 a) and A. irota ((Crnamban t al., 
1991 c). Thus the ntutiher of )NA hybridization groups of (Of 
,'\CV1inS wals eXteltId ro 14 (Table I). 

I,*ble I. (irrent taol(lltic status f nilesophilic ACrrM'ItO7It 

(,rotp', 

2 

4 
5i ..... 
6 

7X/I 10 

XYII 01 
8Y/,0, 

I I 
12 
H. 

14 

Acrllrof,ls axonoillY 

and other mesophilic ATCC reference strains for the gentis 
A'ero tonas as control strains. All but two o the currently 
recognized genospecies w\'ere phenot pically delineated for 
the first time using cluster analysis, and information on the 
proportionati distribution of all getnospecies was updated 
and expanded. 

Materials and Methods 

Bacteril strns. ()e hundred-fifty-to Strains, received be­
wt't'i,198.5,-1989i ils ACrll(}lI \ere
%%Il 9X I 

t 
(Ihumdred-ifts.-twerestroinsevel SUverI'A cn­S'rIis wp. from Colln­

tris, includilg the I[nitud Stitus (n =7), N.T. Africa (Soina­
lia the Su1(dan, A 1:dIgypt) (11= iO), I.llglLdel (1 - I9), India 
(,1-: I), Indonesia (n-- 3), ad I'utrto Iico (n - I). 'hIle mlIority 

the strains came trom ,1 v (It lificll sources (n = 131P, 
hil AIsu 1itldeil vettris.u (o 8), Ald 'viromnei tal strains 
(1t= H), The (l)(I deti'itiOil strains for the )NA hybridiation 
groups I, 2, 3, -t, 5at, 5-b, 6, v, NA, 1), II, 12 Anid :\IC 
reference str.ins tOr A(''onIuas sp',,i group 8Y lld At'rI'MnoIIS 
( 0mli ser tcllildId IAsretrence strains (i .11 Thui).50 I 

species strains were storid at -7I) (' ill ryptiC.ISe so% broth w\itl I10 
,ilyctrol (I(ulllei, Jti'slt,, KS.) lld sII st'tllltltlI)NA I lybrilLt ion t0hl(ospecics Tryptiicase 

+ suo ,-uitlrud t(sov aigar Slants (HM1. \lohiotbhiog S stcItIs, ( ockess­
6itle, MI).) id IllilltlICtI Al .Itt biint tICnpi ratlilt . I Illt'ss stlied 

otherwise, all tests were ill(lie It 36 ( ' ± I .b ,Pv(roUhaA. (MI(CC 7966') I'enovtpl anailysis. Straitns wire prtusiljiltiull e ilttiLiud is 
ttltillned A'CIMOMlIS Antd t'itttlilt'l hr S) phnIootYlpC traits thlit rep-

SUllnMI ; resenteid a range (I iiio-iolog:cal,l)ioclii'llic,iI, physi(lhgical
A.Ct1i,dte (AI[ 1468 ) 

id tolerance tests Is pri' (ilisly described (C(,rn,,bai ut di., 
t antt'd* ': 19911b). Ixclodilig tilt' A,,I-201 (Analytib products, I' iew,vlin 

A. CtI'(l( J/uiI (A T(.( : 2,3309')"v A.s~l~i,I(CIP743 1) NY), all tests \\,ere purtlr t. d heL CMn \ u t ti hll n1,11I lt ds (c(,1rttt­an ct all., 19911)). "1lie iodiffere'ntialI tests ItSedI ill thet NT anal\­
11~~~~. (11) "74.3 31SoobjajA. 'erontii Ibiovar Sob i,i r itL l A C 1sis are listeid iM"'Ibiu . iAnt ibioiic 7'sIihgto' sit((Ies. .\iiniitnn hlthiilitors ( one'­

(C D)C04.3--84; PIopoflf (224)A. l'errnjiibimls~r subrii (Ai(X2 907) tratiols ( I'ss) w\ere (IitIllinud fI r se'tllteelt ,intimicrobial
111rsp)s' o.

i 5 ( 4 t) AT( C9071 agents plus a' "growth" (,r "no gr\'th- respons to a singlei8 'dilthitioit f 1(0hor ldditiOnll . tiliirnbicals ill .Iu+-ss ii ticroil-
A. ,,'rriibh\ar %'ronii (X'I(CCt5624 tion plti atecordiig llON( ( I Sstld,lrtls is prio IslA. spp. (rliblip' posiin'' ( licroScan GCr.mlNegt keie describedIa , tir IhI ',ilitthhcCt r' Corp., 
Ai. sl',lirii (A R(, 437111) MicroScan Division, West Sacrmlnto, ( A) ,',rhn e i al., 
A ron tr,,:.' "m p 50l 1991 b). 'Tie results ildtllt ill tilt' NI ,lyllli s Ire listed ill 
A.freola (A'I(C C496 57 T aCo inle ih l 14 ' pl m c ________________________________ ; 1.S S 1 ,1'%i f t e f c(~hC,in' o/ (1ata, .iud cotptio, ,lml5's('s. ,.\ d of tilt' Ire­

* ,\l',(Iincldc tie pecesA. ~lh+,t~id1,pvdmphiic 
I)NA GiiUp ilb tichd's the psychrOphilic species, A. media. 

(lnltrriit, thirt' were' se'veral tilX(lI()liC studits Coll_Ll-Sitics~ds), 
ilucted with large groups If aeromolnailds, usuallyitoIstl' 
fecal isolates from it singlt geograIphic soiurcet (A lrdlino i't 
ill., 1988; Kuiil/,r 't a., 1989; aid Altllt'K Ct ll., 199)). 
JEach lttnlrClptd toi pljlttnOtN'picillly sepal'ate the' differeCnt 
I)N\ hyridizartiot groups with limited SUCLcss'. IleclsC 
tlItsc stttdi's did not sItisfactorilv separatei tilt variolls 
g en|(t *vp cs tis in g iph ,n t*yp ic c lu ste rin g , t hlis t ud y%\%%pili iti-

iltcd. We Sought to ixatln it large set of ai'rlto(lldsSC n 1ItMn 
calvetc rin. in a al and ori ing 

r vp r tV tiI g it' V S pc i esas l Ssi l ,, i nchtld i n .l, 1111i-
d iro nicn soltcl ina 

fromtt illyIV differtlt g'Igraphic soltlrcis. W' UNtCd !ltIllt'lI-
Cal taxtlionity to mt'astre tile pIhetotypic rititissii 
atlliog these straiis with tlt 14 )NA group definition 

Ltlen10 (per cent posime) results rc\'eaIL'L thl(),L tests Out of, thet 
origital O which gae variale reslts lllSlUgS strlilns. (,Imsi­i lil' 
liucitl, tift' of the 80 ti'sts \\tire UlIC t)dL'dhOr list' ill SAS/lA-

XAN' (lIbit' 3). Nilet tests \ee exCluded lfroln tiltllthsis witl 
positive results It I p'rcIltIg' htitlellly .-,9).,: grain sltai 

reactio (gr.lStugiiVc' OXiASu Mi'ltli, fUrnll()­
gi gi'titiibilY~is, Omicel' to cutrhnide, l'U~iStIII'U prodtCtion, rsIs­to penicillin, L1111~llAt mnilldllitrofui­

ritoinl. Nine ttsts \ure c clhltid ith polsitit r'sIlts mit o15s\­
tiCe pt'rCtclitlgt' Iri'til'lilCy -5'!.: prt'St ICOfl thlsillt' Iro\ll 
pigmlnt, pro tlctilo OftIr ptolln l illlill.lst id lIrils', ter­
Illt'lltlati(Ill lo lllgdalin, ilositl, sorbitOl, rihl1ll1l1lolS, Jlld 
ilnliil~OS, and rusist.IIcu' to ciprlt\l.lciii. I ie rstlilts for ar­gi lilI u(fi hll' ro LICt Alld Litr lt u.uitill li i%,tt not t~ btkt_C1)0re I c 

tlhes' resllts were 0Il%Jl\.ilItl hrMtthe API- )IStrip ilti nltth uIeLOM L-u [i e I',C ca l a nICnti 1,11, . h c reults 0 1 11 1 ,gmli nd H|id
Atditiothil tcsts (basetd Oil tilt(' AI-21:') \\ cru' ('hn111l.1tud Ilt'CAUtse 

dctirlrbo xlase, (IrniitIllt tit'Irlinsxelse, I 1,S pr(Ithll'tioll, illhlt' 
prodttctioll, \'ogeTsrIskaller, id alcid pri-ductiln frot arjbin­
lst, sucrose tid mittmitoi. lT'he results for grolwth ill .(N \were 
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nut Used cyci though this test gave results consistent with tl. .iSe 
if Popo/f et al. (1976) because it was considered a highl y subiec­

tivc test to read and a hazardous mCdium to prepare. 
"lhs,the final data set Contained test results for 50 different

unit characters, ([ale 3) or each ,f the (67 strin,,,desigated 
(Tlts (Operational taxonomic units). MosItcharacters existedI in 
otc Oft' WO tI h ,X SivC %tiate% tiLIwere scored as positive 
(I) or ncgltis', (0). Q'tantitativ'e multistate characters, Such, as 
"ltermediate" instci:l of "resistant' r "stisccptible" for anti-
microbial Susceptibility or "alpha or gamma hictiolvsi" in lieu of 
beta-he olvsi, %vereceL'd by the aLditive Metheod of .Smu'tlIand 
Sok,l (1973). 1hose tests that mIeastitre,d qutaotiittion of growth 
or motility had VitIUe', of 44, , r 2-f for growth or motility
codCd aS (I) and values of I +-, - o r no growth coiled is ((). 
l he data wyere exa : in d s ith the SASf1IANAN ' c i stering pro)-
gram (Nirrvland Sc. (Grant College, (ollege (Park, ,MDl)I,s
198 ) on *tr iM, 4,8I Mainframe Computer using the Simple
.Matching ( S\r , a'd JhAccard (SI) cOfticitItS (AUstin and hiest,
1988;- Sn, th and Sokal., 173). Ilicrarchicil clustcring of tieI< +,,rairr, wa,, by t I('(I.. (oriweighited pair urrethiod with arithi-

ictic averages). flhis rCSuiltLd in the generation of a Similarity 
matrix (Fig. 1), a dcndogram (Fig. 2), and t1m IPC,\ (PrincialI(CmHIpotii .\ial',is) plots (Fig. 3 ,rod 4) usrie.rs Of visualiring 

tIrc cluster s'eparation. liriphs,1 wts placed on results obtained 
using the S,.,, Coefficient Since the ror, corr.ict dusters rid 
.ggregAre Clusters ire generally produced with this coc*ffi CicI 

(Aisstjut .rd Priest, 1988). Finally, the treqsjIeycv of positive test 
results for ,ici duster ,iitd tCSt used Iii the SA./TAXAN '" malv-
sis are disp..Cd ISa "per cent positive" frequtencv matrix (iable 
3). 

T1st andIp/v rm,tce rel/rodi'ucibility.1Btth pitsic and ricga ­
tie controil strains o Atronton,s (i.e., ailAI(.C irr I)NA hlefini-
tion group Strain) were inluded fur evtch batterv of rests. Addi-iirri llv, IS of the Striris %re rardo mrrlyselected by Co mrrpuiter 
.rrd tcstCd in duipliCat ('able 2). (Comparisorn if these duplicate
results for each test %vr%then ised to determine l.icrstinmatc of 
individual test variance (S,2) Ilic averagc test variaCe waS crleCt-
latCd t bo a1pooled variancce (S2), turn was used to,oltaiti 	 which in 
estimate the averag, prob.ibility (p) of .iii erronteous test result
AtoS, tiaId I IiS, 1988; .SM',th and Si k,,l. 1973). 

Results 

Test reproducibility 

Thc average probability (p) of an erroneous result, Cal-
cuiated from the pooled '.ariaicc (S' = 0.3825) of all the 
unit Characters ,ored for the 18 duplicate strains was 
3.8'. alues of S were zr for mst f the tests, wit 
range of .028-.222. \hst discrepancies were iii the 
heriiilvsiS reactions n c Bloid Agar (.08.3) and the)Sh Hi 
mtimi'crobi;tls, cefazolin (.I I I), gentarnicin (. 194), aiid 

ilmi Cni (.222). 

rretlion 

(tiplieietic correlatio n, i.e., the correlation between the 
reslctie valcts ill the similarity matrix ILi its corres-
ponding derldrigranm, was calctlated for each ciiefficient
using the correlatiioin coCfficient -r" (Autstil atiL Priest, 
1988; Sneatb and Sokal 1973). lhese v.lties were 0.992 
fir tile 5stl aid 0.994 for the S cotefficients, well within 
acccptdIlcb limits for stttdiCs utilizing [IPGNIA. 

Aetrontoltas "li,tanOll\' 

Clisteringo/strains by SASIT A X A N 

With the initial analsis of the Ss'-, iatrix at 85%, simi­

larity (Fig. I), three distinct smaller triangles were readily 
discernible within the single large similarity triangle. These 
three phen ons represented the three major recognized 
spccic of mnotilc, mcsophilic acromoiads ts described by
Popluff and Veto, (1976): A. b,drophi, A. sobria, and
A. c''ia ' and included (53 (92'%.) of the total strains 
studied. ExaiInation of the S, cocfficient similarity matrix 
(not shown), revealCd the sanC three phena but at a lower 
level of 
Coehficilrit t (S = 7()), because of the nature ot this 

C( Sfficict 
T S, data were also analyzed using SAS/IANAN" to 

corlstrutct a dCidrogram (Fig. 2). Of the 16- strains anal'­
zed, I 6. (99'%,) joined :at ,(n8, similarity or higher tising
the S,.t coefficient with o\h\ twi atypical strains (Cluster
A) not jo)ining aIt this level. These two strains weore later 
confirmed as atypical Vibrio thoer, (non-O ) resistant 
to 0/129 (Vibriostatic agent). At 85,%siniaritv, a general­]v accepted level for species designation (Austi,, and Priest, 

- 9') there were 12 aeromonad clters ranging in size 
t fromii (n = 2) to (nt = 33) atid COltaining (52 (91%) of the 

total strains. M\lost of the reiniaiing 13 single strains \%'ere 
Coltsiderd "highly atYpical", i.e., the' differed from their 
nearest cluster by at least eight phenotypic characters. All 
of the clisters and single strains were labeled as Clusters 
A-Z ailld are listed iii Table 2. The ph clity p ic descriptiom
of cach cluster and Single strain arc ii Table 3. Contsrtic­
tion of a dendrograrn with the S Cotefficient at a level of S70(% (not shown) gave sim ilar rCsults to the Ss\t dLCi­

drogran i just described. The Jatccard dCnIidrogranm revealed 
14 acrolniIIad cltisters ranging in sizte from (n 2) to (n == 
46) and rePresetiting 143 (86'%,) of the total strains within 
tle studv. 

Ill the dclrograi constructed using the Ss.\t coefficient 
at S = 85% (Fig. 2), clusters and single strains A-P consti­
tuted approxinmttely the tipper half of the Ss.\i dendrog­
rant. This demarcatiOn inclulCd 10)0/167 or 60% of the 
total strains otf this study and represented the )NA groups
8Y, 9, arid 10 whiC phrnotypicallv resemble A. terouii 
biovar subri;, I)NA group 9 A. so/-ia (niow validated as 
A. jandaei), anid A. teronii biivar veronii. This tpper half 
Also 	icIdcd the )NA groups I, 2, and 3 of tlC species A. 
ydropbda, )NA group 12 of A. schuberiji, a single 
erm as up 5 1 train, scn amicillin-t tib 

1. ssr-/ike Strains (now validated as A. trot), four 
silglC aty'pical aeCiruoriads and the aoreicni ited two
 
atypical Vibrio cholhrae (non-01) strains. Clusters and
 
Singlc strains Q-Z cotprised approximately the lower
half of the Ss\ detndrograni and inicltded 65/167 or 40/0
<of the titrlI strains itt the stldy. Th'c represented the I)NA 
groups 4, 5a, 5b, 6, and I I which prlintypically resemble 
A. cav'iae, A. ettcre'upbil, and Aeromuzona spp. "oriiithine 
puositive". Also residirig ill this region wvcre the I)NA 
grotulps 7 ad1SX of A. sobr', arid A. t'eroniibiov\ar sobria. 

SAS/IAXAN" was then utilized to gencrate ICA plots
which used fitir principal Ceiipunttrts (1)1, ;'2, 1P3 arid P'4) 
to construct a threc-dirnersional vicw of the strains (Figs.
3 and 4). "T'hscc plots allow the viewiig of relationships 
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betw'een OTUs in terms of "phenetic (taxonolic) [i'per-

space as a contintutm" and arc actual' a mor, accurate 
representation of the distribution of the bacterial species 
within a genus it, tihe\' occur in1nature (Austin and Ii'st. 
1998). The' first PC(A plot (Fig. 3) displays olnl the IT t%'pC 
strains, reference strains and I)NA definition strains ex-
alnirted ill this studV', while tile sCColld Pk.\ phit displa'Is 
the cntire collection of 167 strains. TIis latter PC(A plot 
confirmed the rsults of tile proTuViOs anls'cs (similarity 
matrix and dtendrograin) in that tile miajoritv of the s,-raiis 
fell into a few large clusters representing the major species, 
with small, clusters for less commonly found spe ies. 

Discussion 

While Acromonas was emerging as a clinicall\ signifi-
cant patilhogell, several major studiCs \\'ere COliuctd in 
the latter part of tile eighties to retconcil' th 5-6 proposed 
phenotypic species with the 10-12 cstabliscd geno0-
specics. Ardlino it Al. ( 1988) anal'zed 132 previously ' 

tering. Cluster analysis revealed only three phetoions at S= 

SS'u. These resemnbleCd A. ,hdropbila,A. c'ai'iat and A. 
sobria (ntow A. lvercini b. sobria), btt each plhenon con­
taied mntore than one gcnospecies. A subset (if 126 st rains 
was subjected to l)NA-l)NA hybridization and confirmed 
that these piclons corrcspolded t I )N A grlps I, 4, ind 
8 with slightly larger nunmbe'rs in glutlp)S 2, .3, and 5 than 
pr'eviously reported. Like tile studits (if KijWr ct al. 
(I 989) and ArIIIno et al. (I 988), no I)NA group 6, group 
7 (type strain for A..so,/)ri), group I I, or group 12 strains 
wer reTcovCrTd. 

After aSessiig tile results Of these stiludics, it was Cvide'nt 
that 1o singie sti iuis tIar 1ht. thoroughly Cxalililied a 
large group if acroiioiiands 1that Were divCrse ill both 
geographic and clinical sourCe of isoltion ild iCLded all 
12 known )NA Group defiinitioll straills, Ble:aIlSe tile 
aforemlntiolned studies bad lfAilcd to hiLcnoi)'piclllV spai­
rate all the kinowUt getiitj)'pt's co rrect'ly, )ir objecti\' ss'uWs 
to "lslish s'lWtether A SstttuLi.' ph1 ciCOtlYpic correlatio l 
to gtllvt' wl'a possileI using staniltlki/Cd aid COlet1­
tiotial n1Metliods and ainalI ig the data With the hllost cap­

h\ybridized (i'NA/)NA hs'bridi/ation) acrolitonad strains ilabl NI Comptei r rlo'(glinis av'ailale. 

fromi tile (ettrs for l)is(asIC Control (CI)C) collcctiolln 
that rcprcselntcd all if tile 12 )NA group definition 
strains. The strains \wcre tested for I65 phenotypic traits at 
25 C LIndthe mtajority were it )NA groups I, 4 Mid 8 
with nost i I)NA grouip 4 (plhcnotype A. c inac). I) NA 
groups 4, 5ailld 6 \\'ere the most difficult to separate. That 
same ''ar, Ren1iud ct 1l. (1988) IiblislItl work vhich 

had p]notvpicallv, chief'acterize .1 66 Like water .untL34 
\'arits, clinical isolates tiig a Combination of C()is'tll-
tiialn tests Mid rajpid lsiiniliatioin strips. \1hn tile results 
\%,ere analyzed b\ NT ising the S, cc'ficientt, all but 4 
strai,.\were fUild aimong only 4 clusters which rep-
r',;cnted A. sOblri,, A. bdrohiild, A. hIydrophil, (arabiri-
OsC-tgativt') atid A. ('i411C. 

A major clinical StUtd\ to relate g t')' to Ilt'onphtent' 
inlt'0lvth' 189 ftCll is ilat s clIlCcted in tile Netherlands 
between I19 2-1986 bv Kuijpu'r ct al. (1989). The strains 
were anasINctL for 30 con'tntiotnal p cnottpic traits at 
-C(., d lmMost plel10tny)picalls' I'stlibled A\. cia', A. 

h ,drocphilu, aind A. i'u'oniibiovar sobria. When astubset of 
142 strains wIS SubjeCtt'd to I)NA hybritlization using tit' 
I)NA dcfinitioiistrains for D)NA grouips I-II, a majority 
of the strains wtre in I)NA groups I, 4 and 8, but thcre 
were increasCL fre'qui'cics of the oilier rarer gcnospecies 

Excluding the tWo V. chuhim'r (lioll-f I) strains, at a S \S 
Ilevel of S -- 5",. tlere Were 12 clusters and cachI icliuded 
omnlv 0meC I)NA (roup tlefiinitioin straiiu, except for (luter 
,1 which containCd tl' defimitioll strlill ior both I NA 
(roulps 2 id 1.lhct' MO gei:SptLits alpar to be rale 
allitlng climnicl spCcie's, silce the iilv' i%strallins il cIlstT, 
exccpt for ott, st're froiiN vtetiarV soutirceS. 0'nl,11d Ct 

al. (1988) andt t(It''. Ct l.L(1;9) have prpItl[lc'kl tlht 
tile tests for growti o 1)1 -ictatc and acid priduclilt 
frolm orbitol ni3 t' be USLI'ful ill seplarltllg these gropiils 
frot lcl otIIther anId from I)NA (Iroup I A. hvdu(fphil,. 

Likewise, tit' inaIjOritv' I Oilr :irilins \sCrc ill clusters 
that Coltlied tile )NA Ltfiniitioin stralills fOr glotlps I, 4, 

atti , (Figs. I aId 2), aid pitoltV)icallU tCibClIlcd A. 
bvidropbai, A. 'ermiisolbria, and A. caia(n'. Ihl\owvr, wC 
illo 1ttl1d clutrslt for A. byhvhlbh (.1ibimiost ltiaisC), 

' 

A. ,'croniibiovar vrotiii (l)NA (roup , tWI , )NA ( roiup 
9 (now validated is A. jaiit/ni), I)NA (roip 12 A. 
Schube'rlt, and a group Of ,1inp1icillin-s1u,ctpltibil 

lr0i11i01lds,, n 11w Although til'\'alidated As A. /Odd,. 1111­
oritv of tht' A.. Ci'i stiainls resided \\'ith tile tlefinitioli 
,train for DNA C;t+ip -1.\\c Ioluild iticrisud nuinibe's (df 
strainis siiliIar to) tih dcfitinitioll strains for )NA (rotips ,i 
and Sb, with the litter CIlhte'r (ib) exhilbitinig SicCptiHtiv 

litUrsps ililong these Clusit rs were 82, .3 antMIla5 I- lossevcr, tley \\ere utnable to rclilbl identif lito anoricilliiuiil-. 
all of the strains usimg their Ipt'iLto'pinig iietlotls. 

Tni most recent study to atteipt to recolncile geiotp'i)Tt' 
with p ielnltype was 1b' Al'Itg ct al. (1990). Thet' c\-
alilined 1-35 clinicial (ltostl' fctal) islLitt ' s pilu lcfi i-
viroinitc ital isolates, all coll'Ctetl ill \v'ii/crlind tnd ini-
chided the (')( det-finitiolln strains for I)NA groups -9. 
All svere tested for 100 phenotypic cliaractcs, but ill' 63 

different characters Wt'rt' actuallh e'alitt'd lbtcati, oI r'-
tiindllit tests. Thes Used oili t'll omn\'tuiioliAl tet', phlius 
fifty thrt'e biochemiical, clirbolhVdralt, inid Clhyiilt' tests 
from thret' rapid identification strips (AI-2fFI, APl-.0FE, 
antd API AIB 32(CN). Fht'ir coimptiter aialysis utilitd ia 
similarity coefficient similar tm jlaccard swith IJIPGG A cits-

singlC strains, 01 i Were either I)NA It'lenitlonof icichl 
straiins or A'I((I t)pe striints lor ralrt Llelsctits, i.c., 
I)NA (.roip )1 , ,A. I'M 1,01phui. /'Oii)Ufli S "mImll illic 

positiv'', the ty' strain for A. sobri, and the mctinitioi 
-'raiim tor A. I''rI,/I b\ Sobrit ((rollp SX). S lilt' or All oI 
thest' ',inglh strit iTITv lest 'bridg'"A' rer CithLTr orgtil 

isis bt'twe lit1C ii li're ivrt iiiiliant gt'lmsi:VieS lollind 
clintical spCciiticits or thetiuului , for siniil~mr NI situdies i)t 

Lirgt' groups If ti'imLuilithl .111d Ilterliuirs soLite's. 
Rtcgirdiig tht' nimajir cllsIteis ipirLiuId bV tIlt S,\Y 

' 'IAX\N anilsis, StTAI Ipihilts dtsec '- furllter ititil­
tioti. First, lit' NI' amiahsis s el'd th (lusters B and ( , 
sliiclu colltainled I)NA defittion strains Ir (roLuips 8Y 

i 
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Table 2. Bacterial ,traiws assignedIIto clusters in the S,,\, IJP( NIA analysis 

(.Iuiitcr ir%IIgl, .7,11 

A (n 2) 

BIII 24,1 

C (i = 4) 
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E (n1 I) 
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ti (i = I) 

Ii (n 26) 

I (n 2)) 

J (I = 5) 

m
llihcr,I .ibrt'rciftc i, 

152; 15 

2 
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Table 3. Freqniency matrix for SASfIAXAN4 clusters ispercentage of positive reactions 

Cluster and
 
Unit Characters A B C 1) E F G; I IJ K
 

(i=2) (nt=26) (nt=4) (n=i) (n=i) (n=-3) (n=i) (=26) (n=20) (n=5) (n=2) 

0/129 Resistance I10 I00 10(0 I0)0 101 67 I00 100 100 100 100 
string test I0) 0 0 0 0 0 0) I 2) 0 
indole 00 96 I1) 1) 10Im 1olm 10 100110 1) 
yi Still S), h ) IIN II00 101m II00 0l0 100 100 100 I100
11stab FIBA 10}0 100 100o 100 100 100) 100l 100) 100( 100 100 

1son SBA 100 1I0 100 100 I 1) 10) 11)1) 10 100 100
(t ()I SBA 0 0 0 0 0 0 0 0 0 0 0
 
y on SBA 0 0 0 (0 0 0 0 0 0 01 0
 
1 IMA 100 10)0 100 100 100 100 100 100 100 1001 100
 
t on I libA 0 0 0 0 0} 0 0 0) 0 0 0
 

'I on I libA 0 0 0 0 (0) 0 0 0) 0 0
 
t"c.ulin hydi.rolysi 0 0 100 0) 0 0 0) 100 I101) 80) 0
 

gas/glucose 0I 96 100 0 100) I01) 110 100 )92 SO1 I)
 
\ogcs-IProskauer I00 96 1010 100 100 100 1)00) 92 85 10) 0)
 
Iysine decarboxvlase 100 96 1)0 1) 100 100 1 1)0 I111) 0 10)0
 
ornithine dIccarboxylase 110 0 500 0 0 0 ) I) 0I
 
arabilbnse 100 4 0 0 1 0 0 0 0 100 0 SO 0
 
salicin, 511 4 75 11 1) 0 II 54 85 21 0
 

cephaoito]' )100 92 100 100 100 11100 100 920 100 100 0 
' %lABcro 100 100 0 1oo 10 0 . 10 100) 


motility I00 88 75 100 10 IIO I0 100 1001)11 SO 50
 
IIS/Grt 0 100 100 1 00 11100 1001)0 10m) 100 0 
colitierbi00 0 25 ) 0I 10 100 50 -. 40 0 
clhalothii I1m) 6 0 0 1I lo01 912 1001 010 1001 
slf-pellcting 0 0 0 0 100 0 lot 23 41 2011) 1) 
PABns" II)O 23 0 0 0 33 11 9 45 0 50 
,irbtatin' 0 75 0 0 10 I 0hydr1ysk 8 0 ) I100 0 
42' growth 100 100 100 100 1O0 100 100 8 I O0 0 100 
imip (acroic) 100 96 II)) 100 0 33 1) 7 95 100 0 
(mp (anacrobic) 10)0 62 2.0 0 0 10 00 1 100I 
acriflavin ,igglutination 100 31 7. 1) 0 100 23 40 I0 0 
pyra inainidat' I)0 4 ) 0 0 33 100 92II I I 20 0 
atikaciln 0 0 0 0) 0) 0 4 0 0 5 0 

l

tiarpicilli' 109 I00 100 100II1 I00 00 10) 1)00 50cfavolli 100 8 0 0 0 10o 0) 6Si 95 80) 50 

ccta iiidited 0 0' 2. 00 II0 1 .5 2) 0ccturoximl 0 0 0 0 0 0 0 0) ]5 0 0 

glt i)1) d II I10 0) 0 0 04 0 0 0gin intcrlmcdiate' 0 4 0 0 0) 0) 0 0 0) 0 0 
' 

inlipm'elni 0 62 100 0 100 .33 ( 60l 201 l 

'l

piicra llin 0l)
' 1) 2 II II65) II 95 0) 01t'ctralcyclin,.l 100 8 0 100l 0 l I 2.3 i, 0)l 

' 
it'intcrin'dialtt 0 4 0I 0 0 0) 0) 0) 0 0 0 

tica sillin 
 II 12 25 1 II II II 4 15 0 II 
ticarcillii h A i . I100Or5 6- ii 19 i I 0 0Iii r 00 
tobra,.yOn" 100 19 0 100t 100 0 01 201 10

%yininternmediate' 12 ) 1 20) 5011. 11,ra 0 25 o 11 I1 5 
SX'I d 'I Im) I0) 0 0 0( 4 s 0 0 

'l
ct-fo<xitinl )) 0011 95), 0 1
 

'I

ceIttrialxonllt 0 ) 1 1)1 0 1 5( 

'"ITrylmcSoyv Agar with 5'% Sheep Blood, IFryptic Soy Agar with VV. Ilorw B'c~odl, "
j

PIAB 11Ickting a~fte'r'Add produictioti, Rcqitajicc, 



I Aeromonas T'. nonllly 

Single Strains 
L I N 0 IP Q It S T U V \ X Y Z 
(n=1) (n I) (n=7) (n= ) =1) (n= I) (n= ) (n= I) ( I (n = I) (n = 16) (n = 8) (n = 33) (n= 2) (n= I) 

100 100 100 100 100 100 100 100 0 100 100 100 100 50 0 
0 0 14 0 14 10 0 100 0 0 3 0 50 0 

1100 100 I00 100 1004 100 G 100 100 100 50 97 10) 100 
100 I00 100 100 100 0 0 0 10I0 31 38 61 0 ) 
100 100 10)0 100 100 1014 100 100 0 0 19 13 97 100 100 
4) 14 lo () 100 ( 0 100 0 100 6 4) 39 0 0 
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I0 ) ) ) ) 0 0 ) 100 ( ) 0 0 ) 0 
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4) ) ) ) ) 4 4 4 0 0 13 12 100 0 
) ) 4 0 4 100 4 ) 100 100 100 75 0 4 100 
4 ) 0 ) ) o) 10 10O 0 100 100 100 100 ( 0 

4) 86 ) ) 0 o 4 ) ) ) ) 4 50 100 
4 1O00 14 0 ) 0 ) 4 ) ) 0 ) 6 0 0 

10) ) 1o0 IO)1)00 I00 4100 100 
44 ) ) ) 4 0 ) 0 00 o 4 ) 0 ( 0 
44 44 14 I0 1I00 144 IO0 100 100 88 100 ) 0 

o o 4 ) 10)) 04 100 1 ()) 100 94 75 94 ) 0 
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o 44 14 ) 0 o I010 I00 I 0 00 100 100 100 
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I00100 
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4 
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) 
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S ) 7 oo 100 10)0 100 100 100 00 97 0 ) 

10) I00 I00 I00 I00 ) '4 o 4) ( 69 75 85 50 I0 
4I 

lI))) 
4)1)

I()0) 
0)5)
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1 
I00 0) 
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4) 
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4) 
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4) 

)
4) 

(4
4) 0 0) 4) 

0 
0 
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0 4 14 ) 100 0 o o o ) 0 3 ) 4) 
IDO IOO ) o) 4) o ) ) 4 100 13 85 50 I00 
0) I00 43 I00 ) ) ) 1O0 0 4 75 ( 61 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 

) ) 0) 4) 0 0 0) 0 0 0 4 3 0 0 

) 0 ) ) I0o 0 4 0 ) ) 0 0 0 0 0 
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)
4) 
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0) 
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0) 

44 
(4 

)
4) 
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0) 

0 
0) 
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o) 
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0) 
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4) 
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4) 
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(4 
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0) 
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4) 
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4) 
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Iui)iiig,)SXT = Triinethoprim-suilfaiinthoxazolc. 
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Fig. 3. Simple Matching PCA plot for allof the I)NA lDefinition Group strains and ATr ( type ard reference strains. The i)NA
hybridization Group Numher is in parantheses. The 4 principal components are labeled PI, P2, P3, and P4 where P3 denotes height 
and P4 denotes shape. AH denotes A. Ih'drophila,AV denotes A. ve'nroii,AC denotes A. car'ia', AJ denotes A. jandiei, ASch denotes 
A. schiberii, AT denotes A. trota, A501 denotes ALrompnuas Grolp 51I, Al denotes A. enucrenopbila,,AO denotes Aerontonas spp. 
ornithine positive", aind AS denotes A. sobria. 

and 10, were extremely similar, merging to oie cluster at S A'romnonas (;roupI 50 I, did not join this A. scbttbertit 
= 84% thereby confirming that they are indeed two cluster until S = 79%, thereby phenotypically confirming 
biochmcnically distinct biovars of the same species, A. z'er- that it is divergent enough to constitute its own I)NA 
onii (Ilickman-Brennret al., 1987). Next, the small Clus- group ( lIickman-Brenneret al., 1988). Cluster N did not 
ter [ of "sucrose-negative" strains merged to one cluster of contain a )NA definition or ATCC type strains; subse­
four with single strain G at S = 84' and resultcd in the qun1 I)NA h(omniology studies resrited in its proposal and 
proposal and validation iif A. jmdei (Carnaba, ct al., Validation as A. trotl (Caraha et al., 1991c). Single
1991). Cltrsters Iand I both resembled A. hydrophila and strains Q and T which rcprescilt )NA Group 6 A. eri'­
merged toi S = u, renophila (Schitbert and lh'gazi, 1988)a single :arge clustcr at 8 Hit at the aid Airomnonas 
initial level of S = 85)/ appear to hint at the existence of urnitbine positiv'e (lHickmat-Bnren'neret al., 1987) indeed 
an "arabinose-negative" biovar, first appear to be geiispecies, at least aiong clinicalde.cribed by Renaud rare 
ct al. (1988), within the )NA group I A. bydrophil,. It's strains. 
interesting to note that 88% iof the "arabinlose-positive" Iinally, Cluster Y which contained the type strain for A. 
strains were fromi the USA, while the "arabinose-negative" sobria ()NA Group 7) was confirmed as highly "atypical" 
strains were found in the USA, NE Africa, BaIgladesh, of clinical strains formerlv described atsA. sohria, but iow 
and Puerto Rico. Cluster K iierged into atcluster of 3 with proposed as A. 'eronii biovar sobria (CnzatM ct al., 
single strain 1.(I)NA Group 12 definition strain) at S = 1991a). This small cluster Y (i 7=2) was found far below 
83%, and all three strains had been confirmed by I)NA/ the Clustcrs B and C describcd above Mid more closely 
)NA hybridization as A. st-bubertii (( arnaahn t al., resembled A. cat'iW. To date, no clinical A. sobria-like 

1989). -owever, the single strain M\1,which represents strains have hydribized to I)NA group 7, and the fecal 



83 Aeromonas T.ixonomy 

P3 

1 .00 

AC 
AH/AV 

J_ 

-0.417~, 
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PI . 1 -0 .45 
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Fig. 4. Simple Matching PCA plot of all 167 strains examined with the three major clinical clusters: AH for A. hydrophila, AV for A. 
'eroniiand AC for A. can'wi. 

isolate "Muldoon" from this collection may indeed repre- of Cluster Z (definition strain for DNA Group 8X), while 
sent the first clinical A. sobria, pending confirmatory the DNA Group 8Y strain of Cluster B (ATCC 9071) was 
I)NA/I)NA hybridization. The last strain of the NI analy- one of the most virulent strains studied. 
sis, single strain Z, was the definition strain for DNA In conclusion, this study of a geographically and clini-
Group 8 and resides in I)NA Group 8X.Although, geneti- call\' diverse group of aeromonads, including a small 
cally similar to I)NA Group 8Y (Cluster B), there were number of environmental and veterinary strains, expanded
significant phenotypic differences, particularly among the geographic predominance of the three major pheno­
markers previously reported tolbe indicative of viruleiit specics, A I)ydropbihl, A. veronii biovar sobria and A. 
hiotypes, (beta-hemolysis and positive Voges-Proskauer caviae, as well as the species A. ,,eronii biovar veronii and 
reaction). Thus, SAS[TAXAN found this DNA definition A. scbubertii. The SAS/TAXAN"I NT anal'sis also phleno­
strain more similar to the -,,typical" A. snhria type strain typically delineated clusters for the newly validated species 
of )NA Group 7 than to the clinical A. veronii biovar A. jandaei and A. trota, and confirmed the existence 
sobria of I)NA Group 8Y (Cluster B). Ihis is additional among clinical strains of an "arabinose-negative" biovar 
evidence that indeed there may exist among a single geno- of A. bdropihi. Most importantly, this systematic study 
species, virllelt subsets Of aeromonads more capable of has demonstrated that essentially all of the currently rec­
causing iu man disea,e, i.e. )NA ;roulp ,SYmay be a ognized I)NA hybridization groups of Aeromonas can be 
viruHlent biovar of l)NA Group 8. correctlv separated by phCnotypic ara lysi',. 

jand, and Kokka 1991) recently reported on the 
pathogenicity (ofAcroMMIi(JlSis geii species and phen Ispec is Acknoth'dgen'its. Wc thank .1....Farmer,I/l fir the dona­
in Swiss-Webster mice based oii 1)I ' valuies. They folnd lion of the I)NA hybridi,,uion group strains, Iltilij,Weiss for 
that A. bydlropbia and A. ,eroniibio(Ivar so bria were ini- v.iluIble discuW,si ii, and .1.Alichael Ima for the c(ofirming

identiticaimi oil the '. cbolvrlI (non-OI ) strains. We furtherrently iore pathoigenic for mice than A. catiae, but m(st acknwledge cornpute analyss rssisranc,. from Sepehr lIebram 
intersting was the wide range of pathogenicity among aid fl.aeohs. nd the tchnical asiSi.10Cc (If ,laie Ihlad ard 
I)NA Group 8 A. (ermiibiovar s(bria strains. The least A/sar Ati. We appreciatc the clerical issistance provided by Sha­
virileit strain studied w%,asthe just described single strain ron /ayne. 

1.89 
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ABSTRACT 

Methodologiesfor the isolation ofAeromonas sp. from varioussources, utiliz­

ing a broadrange of media, arepresented. Recommendations are madefor the 

identification of Aeromonas isolates to the species lcvel. 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. 
as a primary pathogen in humansAeromonas is increasingly being recognized 

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 
asin aquatic, estuarine or marine circumstances. However, organisms, such 

Aeromonas, appear to be autochthonous to the aquatic environment and are in­

cidentally found in animal and terrestrial situa:ions. Aeromonas is generally 
in fresh waters. While it is not regarded as aregarded as occurring widely 

marine organism, Hazen et al. 1978, isolated Aeromonas in higher density from 

saline habitats of varying concentrations. 
'Reprint requests to S.W. Joseph 

'Amy Carnahan's present address: Maryland Medical Laboratory, 1901 Sulphur Spring Road, 

Baltimore, MD 21227 
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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 
aeromonads 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 eral. (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 sonic of the animal residents. 

Motile aeromonads are the causative agent of "red leg" disease in frogs, and 
have been reported as etiologic agents for a number of diseases in fish, reptiles, 
guinea pigs, snails, cattle and humans. 

The nonmotile aeromonad, Aeromonas salmonicida, has a wide geographic 
distribution in freshwater fishes and produces fur'-nculosis 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 nonmotile. Metabolism is both respiratory and fermentative. 
They are oxidase positive and resistant to the vibriostatic agent 2, 4, 
diamino-6,7-diisopropylpteridine (01129). The mol % G+C of the DNA is 
57-63 (Bd, Tm). 

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 
activirv (Table 1). In contrast, the nonmotile aeromonads grow best at 22-25 °C 

.,'7 
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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-arginine utilization, 
L-arabinose utilization, fermentaiion of salicin, gas from glucose, and H2S from 
cysteine (Table 2). 

TABLE I.
 
IDENTIFYING CHARACTERISTICS FOR MOTILE AEROMONADS
 

Catalase + 
Oxidase + 
Motility + 
Morphology Rods in singles and pairs 
Growth in nutrient broth at 37°C + 
Arginine dihydrolase + 
Ornithine decarboxylasel 
Indole production + 
Fermentation: 

sucrose and mannitol + 
dulcitol, rhamnose, xylose, 
raffinose, inositol, and adonitol 

Breakdown of inositol 
NO3 reduction to NO2 + 
Growth in peptone H10 without NaCI + 
0/129 resistance + 
Starch, gelatin, ONPG, RNA and 

DNA hydrolysis + 
Tween 80 esterase + 

-Aeromonas veroni 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. Aeromonas 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 (punctata and 
caviae) under A. punctata. 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 omithine decarbodylase positive organism. (Allen er al. 1983; Hickman-
Brenner et al. 1987). 
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TABLE 2. 
DIFFERENTIATING BIOCHEMICAL REACTIONS FOR MOTILE AEROMONADS 

Test A. hydrophila A. sobria A. caviae 
Esculin hydrolysis' + 

Acid from salicin' + 

+
 
+

Acid from arabinose (API)' + +
Lysine decarboxylase (API' + + ­

and Meoller's)

Voges-Proskau. (API)' + + 
 -
Gas from gluc. se + + _ 

(Durham Gas vial)
Beta hemolysis' + + -
Gluconate' + + _ 
Elastase + V -

Growth in KCN broth' 
 + + 
mannose + +
alpha-methylglucopyranoside + +
 
HIS from Glucose Cysteine' + 
 + 

Fermentation medium
 
L-Histidine utilization' + 

L-Argininc 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 et al. 1981). Similarly,
Farmer et al. (1986) using DNA hybridization (hydroxyapatite, 32P, 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.
 

SS rRNA Sequence Analysis 

Results of 5S rRNA sequence analysis showed that Aeromonas spp. should be 
included in a family, Aeromonadaceae, separate from the Enterobacteriaceae 
and the Vibrionaceae (Colwell et al. 1986). Molecular genetic information com­
piled to date, including results of 16S ribosomal ribonucleic acid cataloging and 

/
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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 5S rRNA which appears to be. 
useful in resolving questionable relationships (at least at the genus level) where 
extensive homology with the 5S rRNA is extant. This approach appears to be 
another dimension of the polyphasic method of bacterial taxonomy, where 
phylogenetic analysis of phenotypic characteristics embedded in the :volu­
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 3). It is generally not adif­
ficult organism 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. Aerotnonas 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 et al. 1980) and in the 
Chesapeake Bay (Kaper et al. 1981) indicated that this observation was due pro­
bably to a high degree of pollutin, and not fecal contamination. Such findi.gs 
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 
sobriaand A. hydrophila were isolated (Joseph et al. 1979). In the Chesapeake 
Bay study, incidence of A. hydrophilawas 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 et 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 er 
al. (1979). 

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

MEDIUM APPLICATION 
INHIBITORY 

AGENT 
DIFFERENTIAL 

AGENT 
INCUBATION 

TEMP. REFERENCE 

Phenol red broth 
base starch 

Ampicillin Agar (SA) 
Food Ampicillin Starch. Phenol red 25*C 

Palumbo, et al. 
1985 

Pectin Agar (PA) Food -- Pectin 25"C Myers, B.R. et al. 1982 
Sorbitol Bile 

Broth (SBB) 
Food Bile Sorbitol 5"C Myers, B.R. et al. 1982 

x 

Rimier-Shotts Agar 
(RS)' 

Envizoornental Citrate, 
novobiocin, 

Lysine. ornithine 
maltose 

35C Shots & Rimler 1973 m
F7 

desoxycholate 

MacCt,nkcy 
(trehalose 
substituted 

Environmental Crystal 
violet, bile 
salts 

Trehalose 350C Kaper, etal. 1981 0 

> 

for lactose) MAC' > 

Pt:ptone Beef 

Extract Glycogen 
Environmental Na. lauryl 

sulfate 
Glycogen 25-30"C McCoy und Pilcher 1974 . 

> 
Agar (PBG) 

Ri pey-Cabelli Environmental Ampici.lin. Trehalose 25-30"C Rippcy and Cabelli 1979 
Aj,2r (mA) dcsoxycholate 4 

ethanol 

Ampicillin-
Derxtrin Agar (Ar)A) 

Environmental Ampicillin 
sodium desoxycholate 

Dextrin 30"C Havelaar er al. 1987 



TABLE 3. continued 

Alkaline Peptone 

Water (APW) 

TSB w/5% Sheep 

Blood Agar + 

Ampicillin (BA-
AMP) 

Trypticase Soy 

Broth + 
Ampicillin (TSBA) 

Inosirol-brilliant 
green bile salts (IBG) 

Dextrin-fuchsin-

sulfite Agar (DFS) 

DNase-toluidine
blue + ampicillin 

(DNTA) 

Salt-starch-Xylose-
Lysine desoxych,..e 
Agar (SSXLD) 

Pril-xylose-

ampicillih Agar 
(PXA) 

Xylose-

desoxycholate-
Citrate Agar (XDC) 

Clinical 


Clinical 


Clinical 

Clinical 

Clinical 


Clinical. 


H'O 


Clinical 

Clinical 

Clinical 

Clinical 

pH 8.5 

- Erythrocytes 

Ampicillin erythrocytes 

Ampicillin 

Billiant green. htositol 
bile salts 

Na. sulfite. Dextrin 
fuchsin 

Ampicillin DNase~.nehfr17 

Desoxycholat e. Lysine. starch, 
citre.c NaCI 1.5% xylose 

Pril. Ampicillin Xylose 

Citra:e, Xylosc 
desxycholate 
d c 

35-37*C 

35-37C 

35-37"C 

35-37C 

35-37C 

35-37"C 

35-37C 

35-37*C 

35-37C 

35-37C 

Millership et at. 1983 

Janda et al. 1984 

Millership et al. 1983 

V. Graeveniz & Bucher 1983 

Schubert 1977 

Schubert 1967 

Z 
0 

v.Graeventiz and 

7interhofr 1970 

Roland 1977 

Rogol et al. 1979 

Shread et al. 1980 



TABLE 3, c-intinued 

Cefsulodin-
lrgadsan-

Clinical Crys, ! violet 
I N 

Mannitol 25"C Aitorfcr et at. 1985 

Novobiocin Agars Ccfsulodin15 mlIL 4 mgL 

(CIN I and CIN 11) krg~.an 4 mSILNu n 25 wiL 4mgIL25 mgIL 0 
Cn2 

klacConkey Agar Clinical Bile salts, Lactose, Tween 80 35-37C Hobarn et a!. 1981 
with I% Tween 80 Crystal violet 
(NIT80i 

NfacConkey Agar
with Tween 80 
and Ampicillin 

Clinical Bile salts,
Crystal violet, 
Ampicillin 

Lactose, Tween 80 35-37*C Hobant etat. 1983 

(AT-SO) 

Gibco Aeromonas Clinical Sodium Xylose 35-37°C Grand !sland Biological 
Agar deoxycholate. Co. 1986 

sodium citrate 

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

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 srudy (Stem et al. 1987), 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-ampicillin was 
optimal with respect to selectivity and ability to differentiate Aeromona: from 
other resident microflora. Generally, the numbers of inoculA.d 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 101 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 103 cells per 
gram. Using starch -ampicillin agar, the incidence of Aerononas 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. caviaeor A. hydrophila(Stem et 
al. 1987). 

Many studiet have verified the high incidence of Aeromonas on various food 
products (Gray 1984; Kalina 1977; Myers er al. 1982; Palumbo et al. 1985; 
Morse and Hird 1984; Stem er al. 1987; Callister and Agger 1987; Michel et 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 
iefrigeration temperatures, and is resistant to chlorine to some extent 
(LeChevallier et 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 schema 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 plate-, 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 isolaton 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 
Oxilase - positive 

(Use growth from Blood Agar) 
Hemolysis - Beta or gamma 
Motility - positive 

(Wet drop) 
Invole - positive 

(use growth from Blood Agar) 
" Set-up from .4 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 inTSB with 6% NaCI 

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 decide 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 environmental 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
don. Our opinion is that reference Lo the presently existing terminology provides
better use of emerging information, allowing researchers to relate that informa­
don more specifically. Therefore, we would recommend continued use of the 
specers designation and look for.ad to claiification of the other groups, be they 
new species, biotypes or serotypes. 
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Previous DNA hybridization studies established 12 Aerononas genospecies, from which nine phenotypic
species have been proposed: Aeromonas hkvdrophi!a, A. sobria, A. caviae, A. media, A. veronii, A. schubertii, A. 
salmonicida, A. eucrenophila, and A. jandaei. We have delineated a new Aeromionas genospecies, A. trota, on 
the basis of 13 strains isolated primarily from fecal specimens from southern and southeastern Asia. All strains 
were highly related to the proposed type strain, A112 (ATCC 49657'): 51 to 100% (60°C) and 49 to 99% (75C),
with 0.2 to 2.2 divergence. A112 wa:; only 16 to 41% (60C) related to all other Aeromonas type strains and DNA 
group definition strains. The unique profile of A. trota includes negative reactions for esculin hydrolysis,
arabinose fermentation, and the Voges-Proskauer test, positive reactions for cellobiose fermentation, lysine
decarhoxylation, and citrate utilization, and susceptibility to ampicillin, as determined by the broth 
microdilution MIC method and the Bauer-Kirby disk ditfusion method (10) jig). Nine of theA. trota strains were 
from a single study of 165 geographically diverse aeromonads. This finding questions the efficacy of screening
fecal specimens for Aeromonas spp. sith ampicillin-containing media and suggests a previously unrecognized 
prevalence of this new species. 

The genus Aerontonas consists of' nine validated and/or MATERIALS AND METIOI)S

proposed species: A. hvdrophila. A. sobria, A. car'iae. A. Bacterial strains. The thirteen strains of A. 
 trota used in 
salmonicida, A. media. A. veronii (biogroups sobria and this study are listed in Table I along with their geographic
veronii), A. schuberiii. A. eucrenophila. and A. jandaei (1, distribution, clinical source of isolation, and original pheno­
2. 7, 13. 14. 16. 18. 23. 24). They are all oxidase-positive, typic designation when received. All strains were originally
glucose-fermenting, flcultatively anaerobic gram-negative isolated on media that did not contain antibiotics, in partic­
rods that arc resistant to vibriostatic agent 0/129, reduce ular, ampicillin. Th: strains were then frozen in 2 ml of 
nitrates to nitrites. are unable to grow in 6.5% NaCI. and are tryptic soy broth wikh 10' glycerol (Remel. Lenexa, Kans.),
generally resistant to ampicillin nd carbenicillin. All species maintained at - 70C, and subsequently subcultured to tryp­
are motile via a polar agelltm except for most A salo- tic soy agar plates (BBL Microbiology Systems. Cockeys­
nicida strains (26. ville, Md.). After overnight inctibation at 36 ± ITC single

These organisms are globally distributed and autochtho- colonies were subcultured as stated above and used for all
 
nous to marine. estuarine, and freshwater environments (12. ana ated, all analyse.. were per­
19). They can tolerate temperatures ranging from 4 to 42C. o a 36 2 ot.
 
accounting for their ability to cause disease in a w\ide variety f .notypic analysis. Of the 32 identification tests (see
of cold- and warm-blooded animals (16). Although they are Table 2). 3( were performed either by conventional methods 
currently classified in the family Vibrionaceae, it was pro- (15. 22) with media aid biochemicals from Remel or by the 
posed in 1986 by Colwell et al. that. on the basis of 5S rRNA AP1 20E rapid identification system (Analytab Products,
cataloging. 5S RNA scquencing, and RNA-DNA hybridiza- Plainview, N.Y.). Other nedia used for identification and 
tion data. the aeromonads constituted a separate family, characterization were moditied GCF agar for the detection of 
Aerononadaceae (101). H-S from cysteine (25) and B3EAM elastase agar (11).All of the more recently described species, with the I 

associated with prvoiydecbdmths(45)fmte13A was extracted and purifiedvabyexception of A. eutcrenophiha. have been e)NA-related analysis. DNA 
human disease (2). The purpose of this stdty was to establish previously described methods 5) thc 13 A.trotas4, arond 
the taxonomnic position and possible clinical significance of reference strains represcn igt all recognized Aermwnas 

Inunusual group of ampicillin-sisceptible A..obria-like DNA hybridization groups. The proposed type strain, ATCC 
organisms that thus far appear to be predominantly from ,96571 (AH2). was iick translated and labeled with -P 
sotuthern and southeastern Asia. (NEK-004: l)upont, NIEN Research Products. Boston, 

Mass.), and hybridization analysis was performed at both 
the optimal reassociation temperature of 6t"C and the strin­

'Corresponding author, gent reassociation temperature of 751 . Relatedness was 
t Present address: Microbiology Deparrnment, Anne Arundel expressed as the relative binding ratio and isthe divergence

Medical Center. Annapolis. MD 21401. in the melting temperature (dTm) (see Table 3. The relative 
t Present address: University of Maryland lDental School, Balli- binding ratio was calculated as a percentage to enable tie 

more, Nil) 21201. determination of similarities between strains. The relative 

120)6
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TABLE 1. A. trola strains studied 

Strain ATCC no. Geographiclocation Source Originaldesignation 

AH2 49657 India Stool A. hydrophilo or 

MOB/A7 Bangladesh Stool 
A. sobro 

A. .obria 
MOB/A8 49658 Bangladesh Stool A. sohria 
MOB/A9 Bangladesh Stool A. .ohria 
MO1/Al 1 Bangladesh Stool A. hydrophiit or 

MOB/A16 
AMC 5439 

Biangladesh 
Maryland 

Stool 
Stool 

A..ohria 
A. hy'drophila 
A. hh'drophiilh 

NMRI-206 Indonesia Stool A. sohria 
NMRI-208 49661 Indonesia Stool A. .sohria 
CHAK 5258 Indonesia Stool A. caia' 
CHAK 5274 Indonesia Stool A. caviti 
AS 66 49660 Thailand Stool A. .ohria 
AS 370 49659 California Appendix A. .%ohria 

binding ratio values of approximately 70'; (for reactions at 
60C) and 551Y (for reactions at 75C) and a dTm of 5C 
were considered the cutolt'values for DNA relatedness at the 
species level (27). 

Antimicrobial susceptibility. The 13 A. trota strains were 
tested for their susceptibility to 17 antimicrobial agents by 
the broth microdilution MIC method with the Gram Nega-
tive Flex 1 and Flex 2 panels of the Vitek system (Vitek 
Systems, Hazelwood, Mo.). MICs for 501 of all strains 
(MIC,,) were calcllated (see Table 5). Antibiotic suscepti-
bility was also determined on Mucller-Hinton agar by the 
disk method of Bauier et al. (3), and percent susceptibility 
was calculated (see Table 5). 

RESULTS ANI) DISCUSSION 

Phenotypic analysis. Nine of the 13 A. Irota strains wer,-
originally part of a large systematic assessment of 165 
geographically diverse aeromonads frotn clinical, environ-
mental. and veteritnary sources (6). Cluster analysis by
SASrAXAN. a numerical taxonomy program. revealed 
clusters represeting the four majior m.sophilic species. A. 
hydrophila, A. cante. A. vronii fbiogrunps sobria and 
veronii), and A. schiteriii,and asmall cluster of nine strains 
that have recently been proposed to be A. jandaci (formerly
DNA group 9 A. sohria) (73. This numerical taxonomy 
analysis :dso revealed a second small cluster of nine strains 
that were distinct from all other Aerontonav phenotypic
species. They wcrc uniformly negative for esctlin hydroly-
sis, arabinose fermentation, and acetoin utilization (Voges-
Proskauer) and uniformly positive for citrate utilization and 
lysine dccarboxylation. They were also generally positive 
for the production of gas front glucose and 11,S from 
cy teine on modified (CF mldia and generally negative for 
sucro,,' fertmentation (lab!e 2). The discovery of alpicillin 
susceptehilil itl conjunction with the acquisition of fottr 
additional such straitns (AS 66. AS 371). 5258. and 5274) led it) 
further investigation of this cluster. Addltional phenotypic 
markers, including failtre to oxidize gluconatc, potitive 
cellobiosc fermentation, and stsceptibility to carbetnicllin. 
led ts to suspect that this cluster represented a new Aro 
mlonats phenotypic species. 

DNA hybridization. l)elinitive idLntlificalion of this cluster 
as a new species was acconplished in a stepwise process. 
Strain AH2 was labeled and tested against all the Acramona. 
type and detinition strains and ATCC reference strains 
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TABLE 2. Biochemical reactions of 13 A. irota strains 

Cumulative 1 tReaction for typeTest positive on day- strain ATCC 
1 2 3 7 49657' (A112)" 

Indole production 1(0(0 + 
Voges-Proskaier 0 -
Citrate' 100 + 
Esculin hydrolysis 0 -

I-IS on TSI' 0 -

H.S on tnoditied GCF 75 I() + 
media
 

Lysine (Moeller's) 1() +
 
Arginine (Moeller's) 100 +
 
Ornihine (Moeller's) 0 -

Motility (25"C) 92 +
 
Gelatin hydrolysis 100 +
 
D-Glucose: 

Acid 100 +
 
as 75 83 83 +
 

Acid produced from:
 
Arnygdaline 83 +
 
Clobiose 101) +
 

,
Inositol ) 
D-Mannitol 75 83 83 + 
Mannose I(H) + 
I -Rhamnose' 0 -
Salicin 0 ­
to-Sorbitol' 0 -
Sucrose 17 17 17 17 ­

(;luconate 1 -
Ascorbate utilization 0 ­Ela,,last 0 -
Nitrate reduction 1(H) + 
()xidase I0(1 + 
ONPG" 100 + 
String test )
0129 Resistance 100 + 
lentolysis on SBA" 54 77 77 + 

-- negat it end of appropriate incubation period; 4 positisC at24 hor 
t end ofappropriatc incidiation period. 

" AtN 2lF result. 
TSI. triple sugar irun. 

"ONI'(i. ,,-nitrophcn) 1-)1-galac[tp ranoside.c SBA. sheep blood agar tr~ptic soy agar vith 51, sheep erylhrocytes. 

('able 3) and found to exhibit only 16 to 411; 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' and 49 to 99%; homology at the 
more stringent 75C, with Ita d''m of 1.2 to 2.2 (Table 3). 
Although strains A 16. AMC 5439. antd A7 fell below the 60C 
accepted cutoll'of 70%':; homology, their respective values for 
dlmn and percent honology at 75 C taken collectively con­
firm that they are of the same species 127). 

Designation ol'A. trola. We propose the natne A'er'tona. 
Irota for the 13 straius listed in Table 1 (21. The species 
name (pronottuccd tri'ta) is derived both from the Greek 
adjective "'trolos.' mrealning "vulnerable.'' and the modern 
(co) I.atin fettiinit adjective "trota.'" meaning "vulnera­
hie.'" This de,.ignalion is predicated upon the susceptibility 
of the orgattisms to ampicillin and carhenicillin. which first 
led t, to suspect that tlie organtisms were a separate group of 
acrontonads. The type strain of tic species is designated
AT('C 49657' (formerly A1121. and a complete description of 
all of the ,trains is provided in Table 2. The unique profile of 
A. trota includes negatie reactions for csculin hydrolysis. 
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T[ABLE 3. DNA riuatedness of the type strair -)fA. trota to 
other strains of A. frotm and :teromono.t %pp. 

Relatednes', i 'o 
labeled DNA ti ,.

Strain 	 tr,,aAlT 49657' 

ATCC 496571 IAH2) 	 0.0 WI(H) 1H) 
MOIIA7 t7 0.2 71 
MOB/A8 81 1.6 79 
MOII/A9 I00 2.0 93 
MOB/All 73 0.9 7 I 
MNIB/A16 	 69 2.2 6'8ANC 5439 	 51 1.0 49 


NMRI-206 I(M 1.0 98 

NMRI-208 82 0.4 88 

CHAK 5258 1(t) 2.2 92 

CHAK 5274 85 1.7 81 

AS 66 82 0.3 89 

AS 370 91 1.0 99 

'.piaraham(oly'ticU. 14 11.1 NI) 

A. 	hvdrophilo IDNA group 1)CDC 9079-89 35 ND NI) 
(AICC 7966') 

A. 	%ohria(I)NA group 7)CI)C 9538-76 (CIP 32 Nt) NI) 
7433I) 

A. ricronii biogroup sobria (l)NA group 8) 
CI)C 9080-79 (ATCU 9071) 	 36 NI) ND 
CDC 0437-84 	 36 NI) NI) 

A. 	%rroniibiogroup veronii I DNA group 10) 41 NI) N'!) 
CI)C 1169-83 (ATCC 35624') 

A. hvdrophila (I)NA group 2) CI)C (533-76 37 NI) ND 
A. hyrdrqctilat, l)NA grup 3) CI)C (44-84 27 NI) NI) 


154 ()N) 


A. (aiiat,(I)NA group S; CI)C( 0862-80 38 N) NI) 
A. inedia (tNA group 5h) CI)C 9)72-83 33 Nt) NI) 
A. vuri'noplhila MI)NA group 6)CDC 0859-83 32 NI) NI) 

(NCMIB 74) 
A.janda ( NA group 9) (D ((787-80 35 ND ND 

(ATCC 49568') 
A. 	 uhberii l)NA group 12) CC) 2446-81 17 ND NI) 

(AITC437(1 ) I) 
['nteric group 7? (INA group 11) CI)C 1306-83 32 	 ND ND 

dTin. difference tit .ng bet eac.nte' tcniperaire eeri hon)thgot, awl 

hclerologoii )NA complex. 


ND.notdeteriined, 


arabinose fermentation, Voges-Proskauer test. and glu-
conate oxidation. Further. A. trta is positive for cellobiose 
fermentation, lysine decarboxylation, and citrate utilization 
but is susceptible to both ampicillin and carbenicillin. A 
comparison of this profile with those of oither niesophilic 
Acronmota.s species is given in Table 4 (6,7, 13-15, 17, 23. 
26). Negative sucrose fermentation, positive mannitol fer-
mentation. gas production front glucose, production of H,S 
from modified GCF media. and hemolysis on tryptic soy agar 
with 5'1( sheep blood could also be used as presumptive 
markers but showed slight variability within tle group and 
were not as delinitive as (tlc profile markers described 
above. 

AI 20F. profile numbers for these ,trains identified them 
allas "A. hIdroplhtila complex." wvith an identificaton level 
of "good" to "excellent." but with tile comment that the 
negative reaction f'or niannitol iid/or sitcrose %%i% con"il-
cred atypical in their data base. L.ikewise, thesc strains were 
allidentified as A. h-drophtila in the Vilek systet with a 
Gram Negative Identilication ((INI) Card at 99s; accuracy. 

J. CItN. IVIci oIIIoL. 

Antimicrobial susceptibility. The antibiogram ft' A. Irota 
generally showed susceptibility to all 17 antimicrobial agents 

tested, with the exception of moderate susceptibility to 
cefoxitin and cefozolin and generalized resistance to cepha­
lothin. This resistance to cephalothin is atypical of clinical A. 
.ohria (now A. v'eronii biogroup sobria) (17), although the
newly proposed A. janda'i (formerlh I)NA group 9 A. 

usoria) also showed generalized resistance to cephtlothin 
(7). 	 This difference may scrve a:ia useful marker for the 
differentiation of one .4.sohria hiogroup from another. 

Most interesting was the uniform susceptibility of A. trota 
to 	 armpicillin anid cahenicillin found by both the broth 
microdilution MIC method and the cla,.sic BItuer-Kirby disk 

diffusion method (Table 5). The absence of plastuids in the 
type strain. ATCC 49657' (8). and in acromonads in general 
supports the ob,,ervation that resistance to ampicillin and 
carbenicillin. %hen observed, is most likely chromosomal in 
nature (9. 20). 

The maiority of the strains were isolated during the 
mid-1970., and carly 1980s, well before the availability and 
resultant trend oward tle use ofampicillin-contaiting media 

for the screening and isolation of' aeronltnads. This fact 
suggests that the se of 'such media may result ila negative 
selection againsi A. trota, which has apparently been in the 
environment for quite some time and appears to be capable 
of causing human liseasC. Awareness of" ampicillin suscep­
tibility is importint not only for A. trota but also for other 
aeronionads as well. sin, c results from the previously men­
tioned numerical taxonomy study at the University of Maury­
land also revealed the existence of a subset of ampicillin­
susceptible A. caria-, strains from clinical specimens (6). 

(;eographic distribution. Antother interesting aspect ofthis 
new species is its geographic distribution. Although it was 
found in five countries oti 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 area of the 
world that is now spreading to other areas can only be 

determined by both accurate biotyping and examination of 
anfibiograms of a larger number of similar isolates from 
numerous geographic areas. 

Clinical significance. A. Irot a was isolated almost exclu­
sively fron fecal specimen,. with the exception of AS 370. 

'which va, isolated front an appendix. Although there is a 
trong associatio, between aeromonads and gastrointestinal 

disease. Koch's po,,'lates have not been fulfilled to date. 
Most of the isolates in this stmdy were accompanied by 

very limited patietit information (Table 1),bit there was a 
well described case histor available on the type strain. 
AICC 49657' (A12). The t)utient was a 28-year-old labora­
tory worker with no pre',,sting health problems. The indi­
vidual was exposdeI ,,-i brain heart infusion broth suspen­
sion of Al12 by accidental ingestion of' an 18- to 24-li broth 
culture (approximately 10" organisms) while preparing it for 
permanent storage and subsequently suffered a severe hout 
of'diarrhea witI "rice-%\ater" stools over a period of2 days. 
The clinical symptorns arose suddenly, without prodromes, 
within 24 h of the laboratory accident. The illness was 
self-limiting and subsided unevcntfully alter 2 days without 
My further cotnplicition,. 

A stool culture was performed oti two separate occasions 
during the illness by streaking F,:al material on human blood 
agar. IacConkey agar. and clhoclate agar plates anmidinoc­
ulating brain heart infusion broth. After overnight incubation 
at 30'C. pure cultures of' a single type of grant-negalive 
bacterium were obsrvcd on all (lie media. The organism 
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TABLE 4. Comparison of distinguishing profiles of A. trota and other Aeromonas spp. 

Result" for: 
Test A frt a . jandad A. veron di A. veronii .ubet A. hdroplila A c aiae 

biogroup sobria biogroup veronA 

Esculin hydrolysis - - - + - + + 
Voges-Proskauer - + I- + V + 
Cellobiose + - - + - - V 
Gluconate oxidation - + + ND - + 
Fermentation of: 

Arabinose .- V + 
Mannitol + + + + - + + 
Sucrose - + + - + + 

Susceptibility to: 
Ampicillin S R R R R R R 
Carbenicillin S R R R R R R 
Cephalothin R R S S S R R 
Colistin ' S R S S S V S 

Decarboxylase: 
Lysine + + + + + + 
Arginine + + + - + + + 
Ornithine - - - + - -

Indole + + + + - + + 
HS on modified GCF media + + + + - + 
Glucose (gas) + + + + - + 
Hemolysis (5%.rsheep erythrocytes) V + + + + + V 

-. negative; i. positive; V. variable: ND. not determined; S. susceptible; R. resistant. 
Single-dilution MIC. 4 igpnl. 

isolated on both occasions was oxidase positive, was beta- original AH2 strain that was ingested. This was accom­
hemolytic on human blood agar, and was an opaque, non- plished with the phenotypic analyses listed in Table 2. 
lactose fermenler on MacConkey agar. Biochemical charac- Strain AH2 also exhibited mannose-sensitive hemaggluti­
terization with the API 20E system identified the organism as nation and was untypeable by the Sakazaki serotyping 
A. hydroplila. and further identification of the organism to scheme. Furthermore, sterile, filtered culture supernatants 
the species level by the criteria of Popoff and Veron (23) were found to possess hemolytic activity on human erythro­
assigned it to the A. sobria group. These isolates were cytes, cytolytic activity on Vero cells, and proteolytic activ­
preserved and subsequently confirmed to be identical to the ity on ttyptic soy agar with added skim milk. 

TABLE 5. Antimicrobial susceptibility of 13 A. irota strains 

Broth nicrdihtmion MIW"methodl Bauer-Kirby disk diffusion method 

Antibiotic MWr 
Range ,s,; Interpretation Ant/dis Susceptibility

(p4g/ml) (iLg/iml" 

Amikacin <2-8 4 S 30 1() 
Ampicillin <0.25-2 <0.25 S 10 100 
Aztreonam <8 <8 S 30 10(W 
C.rbenicillin <16 < 16 S 10 IM( 
Cefazolin <8->32 16 MS 31 62 
Cefoteian <16 <16 S 30 I() 
Cefoxitin <2-16 16 MS 30 92 
Ceftazidime <8 <8 S 30 IM(8 
Ceftriaxone <8 <8 S 30 1(M 
Cefuroxime <4 <4 S 30 I() 
Cephalothin <2->32 >32 R 30 8 
Ciprofloxacin <0.5 <0.5 S 5 10(W 
Gentamicin <0.5-25 15 S 10 100 
Imipenen <4 <4 S 10 1({W 
Mezlocillin <16 < 16 S 75 1(W 
Piperacillin <8 < 8 S 100 1(M 
Telracycline < 1-8 < 1 S 3(1 92 
Ticarcillin < 16 < 16 S 85 100 
Ticarcillin-clavt11nale < 16 < 16 S 75 1tM 
lobramycin <0.05-2 1 S 10 1(W 
Trimethoprim-sulfametlioxazole < It <I10 S 23.75/1.25 I(1 

I 0' MW fur 50', tcf all strains tested. 

http:23.75/1.25
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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 either A. hvdro-
phila complex or A. Itydrophila. 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 predomit antly 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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"l'wenty'clinical strains each of Aeroninas Ihydrophila, Acroionas caviae. and .|ermnonas sobria were 
evaluated for their abilities to oxidize one or more of' 95 carbon sources on a UN Microplate (BIOI G, 
Ilaiward, Calif'.). Nine substrates .ielled good, (iscrili:natorv ralues for tie three species tested. The panel 
appears to hIeuseful fuor the species idenlification of 'Aerononasisolates originating from human material. 

The gellts Ai'TM1ana % his recCived increalsed ilttention 
ffoml the medical COmmunlltlllit' its iasuspected ciuSe f btLte-
rial gastroenteritis and as tihe etiologic agent of'a ittlllbelt of 
ldditiotial infectiotIs seromies \%hich include septicermia. 

cellIulitis. ald peritonitis (4). Within the genus at least 11 
di,,linct species e\ist, its determined by )NA htt':iditilton 
Studies: of these 11 species. 7 hia~re ti;ooloillic staluding ill tile 
literature 0)1. Recent studies hile itndicated thilt i Illitlity 
(75 to 93'; of ti'rnmni.t. isolaes Iecos eled hrou1 clinical 
material tall into hyllridi/atiott groups 1. 4. and 8: these 
hbrda/illOll glOtlps corrsCpond to the phltltypically iden-
titiable species of .A. Indr,,dil. A. cevi'. anod A. w 
respectively 3 0). Although these three phenotypic species 
call be idetttilied by using atcotnventional hattelr of eight or 
more biochenical tests, most Coltlnercia identification pall-
els for gt'amll-nlegaltivC Olgaists do not have [lie capahilit. 
f1r acCutil c species idCnllificationl \ithin the gertm s -cr olt-
ml%. Instead. man;1IIy Such systems choose to collcctivel IClefr 
to the mesophilic aeroonlolitl gtollp s eithler ,IA.hdroldia. 
the A. hldr/ phia CoIltplc\. o i0r0onana0 spp. Reccntll . a 
newy-gr-n-negatve t-icroplte pattel hlaerbc t comerciallyIleVil~cl~p~llg~fl|-ng~lJ~p~ile hin uel ¢Ollllecjll., 
inltrodtUed (GN ,Microplate: l()[.()(i. Ilay\ d. ('alil.)

Mhich tests for tle ilhility t bicteriti to o\idi/e tIC ori tore 
of 95 catlr f so urces il the ptCsetnce ot a tedo\ itndicator 
(tctraoliutt dyl). We hlt\c e,,ltihiltcd this syNste llas ;t 

(69';) tf the tested compounds. The 29 collpounds which 
. ielded Utiformly iegative results included itdonitol, i-eryth­
rilol. I ftlcose. t-illositol naltowe, I-ielibiose. l)-rallinose. 
sylitol. D-gilaCtollniC ilcid lactote. I-glJcOSlmilic akcid, D­
glucuronic acid. acid. i3-hydfoXyphenyl­ac-hydfo'iybttic 
acetic ;acid. itIconic acid. o-ketobtutyric acid. (w-ketoglutaric 
acid. (t-ketovaletic acid. llillonic iCid, qtinic acid. t)-Slc­
chtiu'c icid. Sebilc lcid. ghluuronaunide. hydtoy-I-pro­
line. I-phenvalanine, t-pfroltarlMInic acid. It -carIlitille. 
phenylethylamile. 2-imnl elliallol. and 2.3-hutirlediol. In it 
siilthr flholl. 1 other ctll tatpositie aorol.Sndillrate edi 
all 601,Irisin,. intclutdingi de\trin, glycotget. V'-AcClylglcoS­
ialttc. I)-ftclose. a-t)-glicose. t)-tlalliltlol. li-fucth,,Igltco­
side, slCrosC. )-tfChllose. and I -ispiraiginC. 

(Kf the temining 57 carhon sttbstrates. 14 COttpolndS 
\wel positive 90(o tlhe tilme ortllare %%fil tlte )Omcsophilic 
etcrO <)IMd+ C . l t ed: these Co lp oud Sicluded l',enl 

a0iolnd e aLuaidhse cot-tpotlds il udedyltVleI41) and 80). ia-gitlactose. n-tuanno[1se. metlh\l I lviuvae. I)­glt1Conic acid. stcciminc acid, I -aspartic acid. I-glutainic acid. 
gl,cl-t -aspi Id. m-senile. inostue, glycerol. Md M 
k-glcerol-ph0SplhlCe 0\idillir. I\%\C other C0nlpotllilds 

were . t eposilive it tI'Crqlenc\ f;Ingillg bel\ceet I illtd ' aldin ltued I-eyclodC\tri. 1)-itrititol. -ham rt se. tttt-tnosc. 
citric icid. l'artlic acid. (- intd l,-h1 dro'.yb ltric itCid. po­
pionic ;cd, I-letime, t-tlllobtttl tic acid. and ptttlecin e 

potentitll tsefLIl tool itl the species idenliitiilln 0l ,+1erro-ettmiing 30 citrban sottces [ll dispki Cd variale 
111a 10 is mlte s fecC ere d f1t0i c lil ic a l ll itei l. 

Sitsptsits\ 
ria.betseei,1'rai11m1t1 

(v1ltlited 
, ,nt. r h2): A. 

clinicaml ntaterial serc evilttlted in this stltdy: three type or 
re e e- /1vdr,,I[)ih AT('( 7966k . 

tete~reice strtitts (I mtel A. /tvdraphi/a A ( ' 79t6).(A. 
sa/tia .AA( U 9071. and A. a0ia Arl'(' 154681) \ere 
ilddiionillk' inct lided to enstme inlrit- ;tnd itilelflllit otitor\ 
Yep tiblit. stai a t er it m -ch 
caw (1ucih131. ,cholog ystre s t \,. ~veigh yplVi-calse Il lHI. NIicrab',iologv Systemi ('~ckesville. Nid.)I~v5 
agiir it 35 ('. after ihich the 18- t 2)-h esultantr gro\ \lhv. ts 

remfoIved id spcclltrphtt1erc StlI dArdi/ed (by opli-
catl dcnsity at 590) 1)tI i0.85'e, Nt('l tcctrding to the 
rifstliclio~ns of,' [lie ~ f A~llalhese stlulitlaritdJed suis­

pensions \\ere the ninocutlatted i oo individual vels 1511)l 
tloles) of it 9-svrll (iN MicroIplte (inclttdes one cotlol\well) by tising 'a multichinnel fipcttcr. Inoculated pltltcs 

Iii. t~vttm. Pltes 
v crc then inctiltcd l r IX to 2) hl t 35 U lic me being read. 

()ftlhe 95 trhin ,uStl leS St.f n d ill this,"\',tell). tine of' 
more o' the 61) A'rnoro/t/ Strains \vetc able to o\idi/e 66 

(ollespotlilg 1itutht. 

' 
tt+ fitts (betsseeit IO tnd 90' I sere further 

fortheir potentiatl ttsctillless in phellot lpictllh distinguishl ghe thtee species tested. Nie stIb­
sftrles s ere thquestinabll found Io have Ninefic iIs­n 

Stl",ttl %llllrIe11II C1.1:11 " siii.~i"
 
clinlil r\ value ill species idlentilicatin and trC listed in 

Fille 1 '. I he 1Ce ll+slitleS, Se\Cll {e\Chdirg I ll-H i­

nose and ccllhhiose hase tot pfrevit/ltsl\ bee idetttilied is 
iseltil biochemical markers I1. 5. 7). In addition. tlthotgh90'; at the stliins stutlied s\ec poSitive farl the omidation (W
tt-rlt1tttnase. all tlltliltn 6) \crC idetIlse-neg;itise strins In ­
liiied its A. atiar. anllother property preViosly tttlld It) be 
usefttl in tter ,4'rao/atua identificion ltemes (S) [he
retili'ville 21 calbon Substrates ,_\hibiting sarihdbl, positivilv 

l m 1 " ­
es osertlI I() to 91'; Iire listed in able 2: thin thisNsger tp o ha nd tmis,.li e ptlelioul , 

en tepottetl to have discrituittlors s tlittl Ill , iAta,111
Species idilifi,.:atit l H. . 7. 

Alhe csttlls td this stttd\ suggest tlim the Il()l.O( (iNpfMiCrOpM Cl piIInCI lii he, tiSeIttfl lot Np,peit,, ILidentil itiotm 

withint the gCentis ,.'clri01tatt. llthoLgh this systetln is Ctr­
tently tot apptoVed tar0 clinical tIlse. 011 le hils of' the 
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TABLE 1. Phenotypic properlies useful iiA'romno. tirely dilfwlrent, and each test may not produce equivalent 
species identilicalion results. hitira- and interlaboratory reprodlucibilities of test 

and 94 ;.
,'oi'.e 	 results for mean values were fourd to be 95 

(ahon %ouce respectively: tilediscrepancies noted were invariably reac­
(heiall" A. Iholhila .A.,tim, A. .,,hrialions which were isually difficult to determine as weak 

N-AeyIgatactosalninc 43 

I-Arabinose 65 

Cellohiosc 33 
Gentobiose 17 
I-(Galactuionic acid 18 
Il-lAICtiC ICid (2 
U Iocali c acid 33 
(Olucose-I-phosphiae 08 

ilircose-6-phosphrare (i7 

Iatedo-60,llain I.A.hui,,pIriia. it ­n4) 

- 20). 


results listed inTable I. all 6(0 

lit0 5 25 


80 1001 15 
5 85s 10 
1) 50 0 
0 55 (1 

95 910 I 
I0 90 (1 
lOf 5 1tff 
lt~l 0I ll 


20:A. (tia'. i -- 2; A. %,olia. 

Avroonoa. strains could 

unambignously be placed in their correct taxonomic posi-
lions. Several carbon substrates (cellobiose. I-arabinose. 

and 1lCIOse included in tile(N panel have previously been 

ound to be valuable illspec:Cs idcrltiticatioii. and conmpara-
bie results s\el also obtained in this stldy. One signiicant 

dillereice noted illthis slldy %iasi l-histidine oidation. a 

test originall\ proposed b I'opOtYl and Veron 17)11be usefil 
in deterrliinirg the specicS slatls of individual Aromm..s 
isolates. )lrtresulls \were less tdianialic (Table 2) thaii those 
previously published: ho\\c\cr. it should be noted thal 

although) tilesbs'irates are iidentical, tileMethods are ell-

[,,ll.l. 2. \'ariahh.e carbn oxiidaion piolil" 
if.Au ecie 

',i Ii',c 

()hclall" I /m/duh a ..| iww . ., .dmi 

Laciose 27 
Lacluillose 17 
Isicose 88 
l-Sorbihol 38 
Monometh, I sullialtC 22 

Acetic acid 47 
Si.%-Aconlilic acid 17 
Bromosucc iic acid 87 
Succlitmllic acitid 35 
Alaninallide 13 
o-Alanine 37 
I-Alaniinc 73 
I-A lyvglycilc 83 
Gl'C.I-i -gltatnic acid 80 

I -I qi,,idine 45 
I-()rnirllinc 12 
1-troline 18 
I-Seline 85 
I-lhIreo ine 22 
L;ridine 87 
Ilt. 	 midiic 68 

2(0 55 5 
Il 40 
85 100 S() 
2(1 55 35 
.. 30 0 
30 75 .) 
5 5 40 

95 75 91) 
It 55 40 
0 310 II 

3)1 75 5 
50 85 85 
70 90 9( 1 
65 95 804 
55 50 30 

5 30 0 
5 45 5 

95 70 91 
II 55 11 

75 10011 85 
45 l011 - (10- --

iaied 	 . 1 20 . 1 ,(0(.on 1 llllns IA hm/,/hil,. it 21.A. mm 
201. 


positives or negatives. The system has additionally incorpo­
facili­rated l-lliannioli as i carbon Sibstrate, which could 

tate tileidentilication of A.shu/di-tii it present (2). Recent 
stldies conducted by Arduino and colleagues at the Centers 
lor Disease ControlI M. J. Ardti no. I:. W. Ilickman-
Brelller, and J. J. Farmer 111.Absir. it. Workshop on 
Av "o1 . anid Phi''hsiomima.%, p. 37. 1988) have iden tified 41 
biochemical charactevistics that can correctly identily 851; 
of the individual A('rlolo Straiins (and caii partially ideri­

tify an additional 14' ;)Ito the correct DNA grouping with the 

aid o,!,.I computer identifi,:ation prograrim. Although progress 
has been inade ill lie correct ta lonoilic tgenospecies) as­
,igiincill of A('/o loM.A st I-ials tIi OLgh phenotypic charac­

terizationi. iuich %ork remains to be accomplished. The 

iuiiiber o" test, cIrrenitly required to perfoirri stich analysis 
is prohilitike, necessitates the use of specialized reagents 

and mIedi, and is ilot directly applicable to the clinical 

laboratory. Furtlherimore. )NA hybridiziation groups 4,5. 
and 0. Mhich phenotypically resemble A. caria. cannot at 

present be easily scparated with this e\panIded biotypiing 

system. We chosecliriicil isolates for this study since a vast 
niajorily of Sich strains reside ill only three distinct species 
Ihlibidi/aioii g 1oupsI. 4. and 8). and Cchl COrresponds to ia 

particular identifiable pheiiotype (A. hI.Vill'/udrl. A. Ca'i.e. 

ainId-1. Notj'i). Because of the apparent Success of' the 
present Stud'. it seems possihle that tile IICI)G (iN panel 
niight be additionally useIul in the plieiotyIiecharacteriza­
lion of enviroiiillental strains where greater genetic diversity
occIrS, allhoulgh tileChIrlelit cost per panel ( 5.65) seeiis 
llirelsoiiablv high for I-rttie laboratory use. 

I.(;osliig, I'..1. 1996. lBiochemical characterislics, enlttolo igen­

icilv. and SuSceplibiliiy to inlinticlobliml agCnIts ofclinical isoiites 
f species elcolnlteled in [he \csICirlegion of Saudiot.-tioimioo. 


Alilbia. I. Med. Micuihiol. 22:51-55.
 
2. 	 llicknian-IlriiierF. W.. I. t .IFan ing. . I. Ar(lhiii, 1)..1. 

Ireinner, and I.J.Iairnmer I1. 198 ,.i ,mimmiti n Ictbii. a ne%% 

ill 't ilol-iegai e species fl0uitd in hullman clinical specimens. J. 
('lin. 26:156-1504.Microbiol. 

3. Ilolnherg, S. I)., W. I.. Schell, (;. It. Falnnilng, K. Walisnluth, 
F. W. Ilivkinm -Irenner,P. A. Mlake, 1). .1. tBrenner, anid .1. .1. 
Farmer III. 1986. ,A tii M.I the I ililedO inlistinal infections inl 

SItes. .\niii. ltelln. 105:681-089.
Med. 

4. 	 lanla. ,jM.. and 1P.S.I)utle, . 19,88 .Mcsophilic acloirionlds in 
hilIilli (Iisealse: Cll I Ia\o0loIt it entilicat ioi . aidtll lN. oihIt 

illfcciolls Rev. 10:98(1-997.
diseasc specillllil. tllect. t)is. 


.lndu..IM...
,N. leihilno, and 1-. .. Iott lmi. 1984. Itioivping of 
, ulrol its as Colcnlale to delileat'ing I species­
i[NociaLd dIC Cs s rlllll. \1:C 19:44-47.s llC .1.('lit. 1bi0. 

6. 	 Kuijier. L.1- A. (G. St tigern'ralt, II. S. (. I. M. Scinoinmak'rs. 
NI. I. Ielers, It. C. Zanvi, and I).J. lrenner. 1989. Ithcnotpic 
chiiclerll/iatioll and )N.\ elatedness illtiian fecal isolates of, 
Aiomona si l)pp..1.(iin.Nicioliol. 27:112--I 38,

7. 	 Illpioll', NI., and . Veron. 1970. S111(y.M A. 1i0\a0lllllllC of tlhe
 

l It1111. (ie 

cnbiot. 94:11-22.
 
A.. Ntrv141 . .m l m Loa t n. hi­l 



JOURNAL OF CI.INICAL MICROnlOLOGY, Mar. 1991, p. 565-569 Vol. 29, No. 3 
0095-1137/91/03565-05$02.00/0 
Copyright (01991, American Society for Microbiology 

Aeromonasjandaeiand Aeroinonas veronii Dual Infection of a
 
Human Wound following Aquatic Exposure
 

*S. W. JOSEPH,' A. M. CARNAHAN,'t1P. R. IRAYTON.' G. R. FANNING,- R. ALMAZAN, 
C. DRABICK,' E.W. TRUDO, JR.,§ ANt) R. R. COLWELL"' 4 

Department vf Microbiology' and Maryland Biote'hnology In.itu,. 4 University olMaryland College Park. Maryland
20742, and Division of Pathology. Walter Reed Armsy Institute of Research,2 and Walter Reed Arm), Medical Center,3 

Washin,,ton, .D.C.20.307 

Received 4 Septenhr 1990/Accepted 27 November 199(0 

Exudate removed from an infection that developed below the left eye of a 10-year-old male following a 
previously inflicted wound after alqualic exposure was cultured and revealed two different Aeromionas spp.
Further characterization showed that one strain was phenotylpk, !ly identical to Aeromonas veronii, while the 
other strain was confirmed by DNA hybridization analysis to be Aeroinonasjandaeisp. nov.This is the first 
report of these more recently described aeromonads, thus far rarely reported front clinical disease, occurring 
simultaneously in a human infection. 

Aeromonads have been isolated 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 becn isolated from 
human intestinal infections, extraintestinal infections, or 
both. There is cvidencc that Aroinona.v v'eronii biogroup 
sobria (formerly A. vobria) may potentially fc the most 
\irulent of these live species (8,12-14). Within tilepast few 
years convincing dtla have accumlated to implicate aero-
monads ats primary causes of human infections, although the 
viralencen mechanisms of these organisms are not as yet 
clearly defined. This is in sharp contrast Io the historical 
perspective that aeronionads were associated only witi 
infections in ininitinoconipromisod individuals. 
The identification of'numerous DNA relatedness groups 

by Fanning el al.(9)and the finding thasthree to live oflhcs 
groups are the mlost comtmonly' Ound in Aerolnona.-as 
ated human clinical discase (1. 11, 20, 22) suggest that 
perhaps we are beginning to penetrate the veil which has 
enveloped this formerly enigmatic and complex group of' 
organisms. 

A. verorii was proposed for separate species dcsignation 
by' flicknan-Bre ner et al. (10f) bceauise of' it, ornithine 
decarboxylase-positive characteristic which distingtiishes it 
I6m)nlthe other aerononads. Their study 'a'., based on nine 
strair, intheir collection that resembled 'ihrio ,holravbt 
that were string test icgalivc and prodnccd gts front glu-
,:ose. Unlike the Ialophilic vihrios. A. 'cronii does not 
require NaCI for grotvh. 

Th e IDN A group 9 aerointals are caretc ri st icAly neg-
ative for sucrose. escilin, and cellobiose and dti no grow it) 
the presence of' KCN (2). The species designation A'romo-
nasmaci has been reconi lIday'. 

In this report we describe tine strain each of A. crTii 
I)N A grouip 101)aid A . ,uhl 'i IID N A gro p 9 A r , IA 

Present adres: icohioog epainet. Anne Ain'el 
Medical ('enter, Annapolis. NIl) 21411. 

Slreseint atldiess: N.itional Insiiiie tf Alleigy nd Inectiols 
l),ea'ses,. Itehesda. ki) 11X92. 

SPlreCiii addrc,,: (p hihailhnh1gy Service. I)iighli Iif[ ni 
hower Armty MeicliI ('enlter. I[ ord on. (A 3110115. 

obtained from the tissue wound oi a 1(1-year-old male who 
swam in a freshwater pond after a missile-imposed injury 
was sustained below the left eye. 

NIATERIALS AND NIETIIODS 
Case history. A 10-year-old male was referred to the
 

ophthalmology service for prestimcd cellulitis overlying the
 
left lacrinal sac. The patient reported being struck in this
 
area by a lB from an air rifle 5 weeks prior to admission. 
Because there was minimal bruising and bleeding at the time 
of ijtiry the patient did brot believe tlat the B3 had 
pentre the sk in d id no report th ijr to 
penetrated thlskin and thus (ld not report this injury to
 
anyone at the time. The patient went to summer camp 2days
after the injury had been inflicted and hater swam in a 
freshwater pond. He subsecqluntly developed erythema andmtcoptirtilent drainage from the skin overlying the left 
lacrinal sac. The patient was evaltated at a local emergency 
roon, where samples front the wound were obtained for 
ctiltire. fhe was treated with cephalot bin prestmedfor 
ccllulitis and was later referred because of continued drain­
age and subsequent radiographic sttidies which showed a 
metallic foreign body in tilearea of' the lacrimal sit. The 
patientitinderwent an exploration and excision of' the lacri­
nial sac-cutaneous fistula, removal oithe foreign body (1311), 
and intubation of' the proximal nasolacrinial system. 

Initially. the c plturewas fotind to contain two isolates. one 
resembllg . hernhivllhi/aand tlie oltli oxidase-positivc, 

gra in-icgativc rod rescbling V.c'hodrae. Further analysis 
revealed these strains to he !wo separate Aeromonas spi., 
hy'Which tile thc pRiticlt hiad been treated tpostoperativelywilh intravenous cel'otaximc for 3 days and for 7 subsequent 

wih ral act riin (trimehopri-sdfmetIoxazol e 
witht coniplete r oliution of' iteiPl'cctiit. 

Bacterial strains. The striasins i se Lntdilthis sttdy. 4658/WRII 

ar id4059/WR. iind tile reference strains A. jandac'iATCC 
495681 (6) aid A. v'ronii ATC(' 35624' (1f) were quick­
o/en ip nil l"Tplicase soy bioth ws'itlh 1(111 glycerol 

IRenel, Lenexa., Kans.). itaintined al -- 70('. aintl stibse­
qulentlly subctllured onto "'ryplicasc soy agar slants (BB11L 
Microbiology Systetis. Cockeysville, Md.) anid iCubalted 
tvernighlt at (30 I C. 

Phenotypie analysis. Strains svere examittined 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) 1150 Rg/ml; Oxoid, Columbia, 
Md.). They were also characterized with the API 20E system 
(Analytab Products, Plainvicw, 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; orithine decarboxylase; motil-

ity by wet preparation of growth at 25T: arbutin hydrolysis; 
and H.S production l-om cysteine by using a modified GCFE 
(gelatin-cysteine-thiosulfatc) medium. 

Further tests were conducted to diflerentiate specific 
biotypes, to detect potential virulence-associated markers, 
or both. These were lysine decarboxylasc, Voges-
Proskauer. hermolysis on Trypticase soy agar plates with 5f)' 
sheep or 5"; horse blood by streaking and stabbing and 
incubation at 36C for 24 to 72 Ii, acrillavine agglutination 
(21), autoagglitination (17), and nyrazinamidase activity (7). 

Unless stated otherwise, all tests were perforned at 36 ± 
1C by using conventional methods and niuIia (Remelh. 

Determination ofnmole percent IGC C onrtent. The muole 

percent guanine plus cytosine content was determined in 
duplicate for strains 4658/WRII and 4659/WRI as f1lows. 
Preparation of I)NA saniples ,as performed as described 
previously (18), with the following tmodilications. The cells 
were washed twice with 10 to 20 inl of 'I bitffer (10 ti' ,,1

at 5,000 rpm incentrifugation a 
Tris. 1 mM EIA) with 

Sorvall RC-511 centrifuge at 4"C for 20 rin. The cell pellets 
were resuspendcd in 0.01 M Tris (pH 8.0) with lysozynic 
(500 ig/nil) and then disrupted by alternating freezing and 

.lysis in dry ice (5 int aRd inmmcrsion at 55'C To the 
mixture. 20 tilof sodiln dodecyl sull'ate (SI)S) (25w Ivol/ 
voll) per nl was added to complete lysis. followed by 
adjustment of INa' Ito 1 M by using5 M NaCl or 5 M sodium 
perchlorate. The )NA was prcCipilated and purified, and Ile 
base composition (guanine plus cytosine) was obtained by 
thermal denaturation (23. 24) by using the Gilf rd system 
2611 (Gilford Instilmnl I.aboratories, Inc., Oberlin, Ohio). 
V.choh'ra' ATCC 14(135 was included as a control 

I)NA relatedness assay. I)NA-I)NA hybridization was con-
ducted on strain 4658/WRIi in duplicate by using tile batch 
hydroxyapatite thermal clution procedure (4.5). l)NA front 
A. jandaci AT'CC 459681 was nick-trainslatcd with '2p 
(NIK-004: )upont, NI-N Research Products, l oston, 
Mass.) ard reacted with inl,beled I)NA front 4658/WRII at 
both the optimal reassocia tion temper iture of 61("''Carid tile 
stringent incubation tcmperature of 75 C. Relatedness was 
expressed as the relative binding ratio and isthe divcrgencc 
in the melting tcniperalture. 

Antibiotic susceptibility. Antibiolic susceptibility %s s dc-
termined by using the MIC microltiter rileliod following the 
standards for interpre atiotn of the Nattional ('ommitec for 
Clinical I.aboralory Standards (25. 26). The MICs of 17 of 
the most recently pr-escribed antillicrobiatl algents wcrc (he-
terrined in a 96-well niicrodilition plate, the Nlicio;can 
Grai Negative Panel 7 I HaxtCi lcaltircare (i'oi..Nlicro-
Scalln )ivision. West Sacr;ilnenito. Calif.). arid tire resrilts 

J. CLiN. MIcOrrOnOL. 

TABLE 1. Biochemical re-ctions of A. jamdai (DNA group 9)
 
and A. veronii (DNA group 10)" strains
 

Reaction"
 

tel 459/ A.vr, ii 4658/ A.jandai
 
WRI 35f4

1 WRII 49568' 

Arginine dihydrolase' - + + 

Ornithine decarboxylase + + ­

(Moeller) 

scufii hydrolysis + + ­

iPyrazinalnidase - W+ 

Ferienlittion of: 
Stlicin + + - -

Sucrose + + - -

Cellobiose -. + --

I)NA group t0 is now consider'd to coincide with DNA group 8. 

- Negative after the appropriate incubatiion period; 4. positive after the 
appitipriatc inctihatioll period;A 4 . weakly Posit eIltlhowing tests "ere 
ptsi iiveforall t he st rains t estcd: oxidase.,indule. " ',skatter. I ,Son 
i('F1.grunth at 42 C. lysinedecarbk.Xylasc (, ''. . 1.' lity. acid and gas
Irumi rim it-niannittil. andtr-helynlsis Onghlcose, acid gelatin it,.i, --
"1rypticac s aga r ctintaining 5', sheep of horse bhod. The following tests 
%kcrcnegal!, : fmr allof the strains, testecd: string tcst, acid fitinarabinirc, 
h,,n r: piginent t ile'ryptlcase mv agar at 16(. grintth in KCN. and 
scisrit'. ity ti hri sat('2 . 

ctotto hast c' tre 

RESUITS 

Biochemical characterization. [loth strains 4659/WRI and 
4658/WRII were oxidase-positive, fermentative, gram-nega­
tive rods which were motile, string test negative, and resis­
tant to Vibriostat: they did not require NaCI for growth, did 
not grow in tile presence of16.5 '/ NaCI . and reduced nitrates 
to nitrites. 

A conipariso of the two test strains wthi their respectivc 
reference sitrains showed them to be phenotypically identi­
cal. For the ctiractcristics listed in'lirle 1, 4659/WRI an I 
A. r't'roii AT'("C 356241 yielded identical results, ,,lil-
4658/WRII andt A. janho i AT'C 49 56 8 1 had disparate 
results for only I oifl the 28 features tested: pyrazinaniidase 
activity. 

The primary distinguishing features aniong A. vtrotii, A. 
.ianuhi, anid the thire iajor species A. hydrop/iha, A. 
terionii hiogroup sob ri a (formerly A..Soia). and A. ro'iato 
are prc'cntcd in fable 2. Thi A jandmai composite itrfile 
which dislinguished it frotu the otlher major groups included 
negative reactions for sucrose, cellobiose, arid salicin fer­
nienilatill; lnegatlive esciillard albtlin hydrolysis' and 
esistlance to cephalothinr, cefl/ilin. and tie single diltion 
of cn'lisliri of .1ig/ir. 

'Hieunique dill'erentiating featlues between A. rerotiiatnd 
tilemai,jor groups positive onriithite dlecalboxylasereCmc and
 

escrulin hr'drhly,,is tid iegialie iltgillirie dihvhrolas-,e Ieaic­
lions. ()ther distiniguiushing diflenitliil feltures for A. veroii 
kfhichr ciuised it to difler 'roill ieritlirlladsotllrer %%ere is 

were interpreted aid recorded both inaurinully and s iii in I'lhfows. (i)It was dilerenil IroA. (roio' becauise of 
AutnoScan-4 reader, with compllter-assisted al'ysis done 
with an HIM PS/2 Moiidel () Corliptt". ilre intilnicrlliil 
agents and concenitrationrs usedt are lisLd in [able 3. hli 
addition to these antimi-icrobial agents, the parlnel also tested 
for at "growth" or "no growth response against a single 
dilution of colistin (4 jig/oil). 

positive Ieicliurs fn0r Iysiic lccillboxylase, gas froll gnl­
cose, anrd IIS front (i('lF; (ii) it \kis dillerent ol A. ohrio 
by virtile fellitelliatill escutliti and ,il-blt;iof1,aliciti aind 
i drolyis: ard (in) it \was dillereit front A. /.dropladi 
because it'nregalive pylt/illUlliiase activily arid susceptibil­
ity to ccphl lothin ll lir.ard ccc/fil 
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TABLE 2. Distinguis!'ing composite characteristics of A. veronii and A. jandtui from other Aeromonas spp. 

'rest re,-Llt" 
Characteristic A. hydrophiha A. veron iibiogroup A. c'uiae A. veroniibiogroup A.jandaei 

A./itlopiosohria co'ee . eroniiigop.jdc 
Gas from glucose + 4- + + 

Arginine dihydrolase + + + + 

Pyrazinamidase + - + 

Fermentation of: 
Sucrose - + + + -
Arabinose V - + - _
Salicin V ­ + + -
Cellobiose - - + + _ 

Voges-Proskauer + + + + 

Hydrolysis of: 
Esculin + - + +
Arbutin + ­ + + 

I-IS (GCF) + + ++ 

Lysine decrboxylase + + + + 
Ornithine dccarboxylase -+_ 

Resistance to: 
Cephalothin (>16 [iglml) + - + _ +
Colistini (4 ig/ml) V +- -

Cefazolin 1(16 ig/ml) + - V
 

"o siivc negative after the appropriate ineubation period: V. variable.after the appropriate incubation r. riod; --. 

Nucleic acid studies. The results of the DNA hybridization 
analysis showed a close relationship between strain 4658/ 
WRIf and A.jutdhwi ATCC 49568' (80 to 78/ at 60 and 75*C 
with a divergence in melting temperat'Jre of 3.40C), which 
confirmed the identification of' strai:, '658/WR!I as A. Jan-
dae: (6). 

'Pi'c base compositions of' the DNAs for strains 4,,[:,/ 
WRII, 4659/WRI, and 1'. (h,;er t ae ATCC 14035 were 58.2, 
57.6, ai'd 48.391/(, respectively. These values are well within 
the previously described ranges for Aerromnas spp. and 
Vibrio spp. (3, 10). 

Antibiotic susceptilbility. All of the s,.ains tested were 
susceptible to amikacin, ccfoxiti.1, cctazidimc, ccf'triaxone, 
cefuroxime, ciprolloxacin, gentamicin, tetracycline, and tri-
mclhoprin-sulfaimethoxanzolc. Conversely. th,y 'vcre uni­
formly resistant to ainpicillin. However, variable ;esults 
were seen with cephalothin. in which the A. veionii strains 
were susceptible anu A.jandwi strains were resistalt (Table 
3). 

DISCUSSION 

Reports of multiple infections by two or more Ac'romtonas 
spp. are rare. Joseph et al. (19) reported in 1979 the simul-
taneous infection with A. vohria and A. hydrophia ofl leg 
wound of a diver. This first report of' , human with an A. 
sohria infection and I c'rollary study by Daily et al. (8) 
catalyzed the present Citphasis on species identification of 
Aerontona.s spp. front clinical specimens. 

The simultaneot s occurrence of nitltiple species, multiple 
serotypes, or both is prt bahly more common than is ical-
ized. The possibility that these organisms could be acting 
synergislically, either among species or with other genera. 

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

In this study we identified a dual infection with two 
aeromonads, A. v'ronii and A.jandai, 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 either the low incidence ot' these organisms in the envi­
ronmct (yet to be determined) or the low virt,!enc.,: or lack 
of' flamiliarity with the identifying charactcr stic- Of these 
organisms in clinical labor:ltorics. For exampie, the positive 

ornithite decarboxylase activity and the absence of an NaCI 
\,equirem-'nt for g owth of A. eronii mig t initi, ,ly causeone to sus, ct it to be V. citolcrae. 
Taxonomically, A. eronii and A. soria are related. In 

fact, the DNA relatedncss of organisms in I)NA group 8 (A. 

.sobria) and I)NA group 10 IA. veronii) suggests tLat these 
groups coincide, and they are, in fIact. proposed as two 
biogroups of A. veronii (A. veronii biogroups sobria and 
vcronji, respectively) (10). Becatse the phenotypic charac­
teristics of the type strain A. .obria ('I1 7433 (lNA group 7) 
are not consistent with the characteristics seen in the major­
ity of clinical isolates. A. sohria ATCC 90t71 (DNA group 
8Y) is considered by most invesligators to resemble clinical 
A. vobh'ia more closely. L.ee and Bryant (22), in a study of 
163 strains from diverse sottrces, foutnd that A. .obria CIP 
7433 did not cluster with their strains, most of which fit into 
the three major phena. A. siohia AT'CC 91071 mote closely 
resembles the typical clinical A. sobria strains isolated thus 
fir with respect to positive reactions for Voges-Proskatier, 
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TABLE 3. In vitro susceptibilities of 4659/WRI and 4658/WRII and A. janda'i and A. veronii type strains to 17 antimicroF-i:. .ents 

MIC (Pg/ml)"Antimicrobial agen! Range 4659/WR1 A. veronii ATCC 35624' 4658/WRII A.jandaei ATCC 49568T 

Amikacin -216 8 (S) 8 (S) 8 (S) 4 (S) 
Ampicillin :51-2:16 >16 (R) >16 (R) >16 (RI >16 (R) 
Cefazolin -- 8 (S) >16 (R) 16 (MS)<2-->16 8 (S) 
Cefoxitin <2-->16 <2 (S) <2 (S) <2 (S) <2(S) 
Ceftazidime <2-a-16 <2 (S) <2 (S) <2 (S) <2 (S) 
Ceftriaxone -4--32 <4 (S) <4 (S) <4 (S) <4 (S) 
Celuroxime '-2--16 <2 (S) <2 CS) <2 (S) <2 (S) 
Cephalothin -8->16 16 (MS) <8 (S) >16 (R) >16 (R) 
Ciprofloxacin -1->2 !51 (S) <1 (3) >1 (S) <1 (S) 
Gcntamicin <-1->6 4 CS) 4 (S) 2 (S) 2 (S) 
Imipenem :-1->8 >8 (R) >8 (R) >8 (R) 4 (S) 
Piperacillin <8->64 >4 (R) 64 (MS) >64 (R) 64 (MS) 
Tetracycline -4-->8 <4 IS) <4 (S) <4 (S) <4 (S) 
Ticorcillin-K clavulanate -<8--64 >64 (R) 32 (MS) 32 (MS) <8 (S) 
Ticarcillin -8->64 >64 (R) >64 (R) >64 (R) 64 (MS) 
Trobramycin -->6 6(l) 4(S) <1 (S) <1 (S) 
Trimcthoprim-sulfanethoxazole -(0.5/9.5->2.0/38 <0.5/9.5 (S) <0.5/9.5 (S) <0.5/9.5 (S) <0.5/9.5 (S) 

Therapeutic guide based on ,ational Committee forClinical L.aboratory Standards (NCCLS) standard NIM0-2S (261as follows: S.susceptible; R, resistant; 
NiS, moderately susceptible; intermediate. 
'Centers for Disease Control definition strain forDNA hybridization group I0. 

Centers for )isease Control definition strain forDNA hybridization group 9. 

hemolysin, and citrate. The current type strain A. sobria CIP performing the )NA base composition analyses, and Sharon Payne
 
7433 is negative for all of these well-documented character- and Nancy Cox for typing the manuscript.
 
istics and does not appear to be representative of clinical This study was performed through the support of grant l)PE-5542­

strains of A. sobria. We therefore suggest that investigators G-SS-702900 from the U.S. Agency for International Development.
 

working with Aeromonas isolates from human specimens
 
use A. sobria ATCC 9071 (A.veronit biogroup sobria) as the REFERENCES
 
reference strain for this species and A. v ,roitiiATCC 35624" 1. Altweg, M., A. C. Steigerwalt, R. Altwegg-Bissig, J. Luthy­
as the reference strain for A. 'eroniibiogroup veronii. llottenstein, and 1). J.Brenner. 1990. Biochejical identification
 

The antibio-rams ofA. veronii and A. jandacishowed that of Aeromona.s genospeecs isolated from humans. J. Clin. 
t uMicrobiol. 28:258-264. 

the initial therapy used in the 
case reported here, i.e., 2.Arduino, M. J.,F. IV. Ilickman-Brenner, and J.J.Farmer III.
.'ephalothin. was not effective, as was observed clinically. 1988. Phenotypic analysis of 132 Aeromonas strains represent­
and that the change to cefo1,.i.'- and trimethoprim-sul- ing 12 DNA hybridization groups J. l)iarrhocal Dis. Res. 6:138. 
ltmethoxazole was itnappropriate therapeutic approach. 3. Ilauman, P., A. L. Furniss, and J. V. I.ee. 1984. Vi/rio, p. 

The A. ieronit strains were susceptible to all of the 518-550. li N. Krieg and J. loll (ed.), lergcy s manual of 
cephalosporin-derived antibiotics tested, while the A. jai- systematic bacteriology, vol. 1. The Williams & Wilkins Co., 

Irl': strains were resistant to cepha'')thin and cefazolin. 3-ilti;more. 
Susceptibility to cephalothin was noted by Janda and Motyl 4. IBrenner, I). J.,G. R. Fanning, A. "'.Rake. and K. E. Johnson. 

the 1969. procedlure cli,tiot )NA hy­

mended nomenclature ol A.jandariproposed for the )NA droxyapatite. Anal. 13iochem. 28:447-459. 
(16) to be a useful marker for A. sobria. With recotn- Batch for thermal of front 

5.Brenner, 1). J.,A. C. MeWhorter, J. K. I.. Knutson, rid A. C. group 9 aeronionads, Ihc resi:tancc of'this species to ccph- Steigerwall. 1982. lI/tweriiliia vil/eri.%: atnew specis of I'ntero­
alothin should be coil sdered .ituseful marker to distingtish it bacteriamem, associated with hitman wounds. J.t'lin. Micro­
from A. soblria (DNA group, 8 and 10, currently rccoin- hiol. 15:1133-1141. 
mended to he A. veronii biogrotup sobria and veronii, 6. Carnahan, A., G. 14.Fanning, and S. W. Joseph. 1991. Aeroo­
re ,pectivelv). nia .]Joodivi (formerly genospee ic-I) NA grot p 9 A .. ohria), a 

BcL.atse of the sporadic isolation of )NA group 9 strains new sucrose-negative species isolated from clinical specimens. 
from human specimens, we elected to hybridize the 4658/ J.Clin. Microbiol. 29:560-564. 
WRII strain to the type strain A . oandutei AICC' 49568 (6). 7. Ca rnahan, A., .. Ilanmoitree, I,. Bourgeois, and S. W. Joseph. 

These data and the mole percen, i I C hast ncomilposion 199(0. Pyra inamidase activity as a phenotypic marker for sev­
eral Airotnoia.s ,pp. isolated from clinical specimens. J.Clin.

confirmed ouir presmniptive identification. Microhiol. 28:391-932. 
This report of the isolation of A..jandavi contributes to tihe 8. 0. I'., S. I. Walker, It.1t.)aily, W..Joseph, J.C. Coollaugh, It. 
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A large numerical taxonomy study conducted in 1988 e, 165 mostly clinical Aeromonas strains from diverse
geographic sources produced a cluster (S = 84%, S,,,) 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 

32strains rectived in 1989, were subjected to DNA-DNA hybridization (hydroxyapatite, p, 60 and 75°C), andll 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 DNAdefinition strains for all other established Aeromonas species were only 35 to 72% relat.d (60°C) to CDC
0787-80. We propose the name Aeromonasjandaei for this highly related group of nine strains, formerly known 
as DNA group 9A. sobria. The type strain was designated ATCC 49568 (CDC 0787-80). The nine strains wereexamined at 360C and were found to be resistant to 0/129 (v-briostatic agent) and uniformly positive for oxidase, 
gas production from glucose, indole, lysine decarboxylase, arginine dihydrolase, o-nitrophenyl-3-n-galactopy­
ranoside, motility (250C), nitt ate reduction, citrate utilization, hemolysis on sheep blood agar, and growth in
Trypticase soy broth with no added NaCI. They all fermented D-glucose, o-mannitol, and mannose but did not
ferment sucrose, cellobiose, L-arabinose, inositol, salicin, or o-sorbitol. They were uniformly negative foresculin and urea hydrolysis, elastase production, ornithine decarboxylation, and the string test. The
antibiogram of A. jandaei resembled that of other aeromonads (re. istance to ampicillin and cephalothin), but
It differed from most other aeromonads because of resistance to a single dilution of colistin and differed fromclinical A. veronii biogroup sobria (formerly A. sobria) by its nearly uniform resistance to cephalothin. The
esculin-, sucrose-, and cellobiose. negative 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 aeromonads. 

Aeromonads are oxidase-positive, polar flagellated, glu- caliy identical to DNA group 8) (1, 10, 26), and the rarecose-fermenting, facultatively anaerobic, gram-negative unnamed DNA group 9 aeromonads (7).
rods that are resistant to 0/129 (vibriostatic agent) and 
 The purpose of this study was to establish the taconomicautochthonous to aquatic environments worldwide (9, 20). position of and proper designation for the DNA group 9
Although they currently reside in the family Vibrionaceae, aeromonads by using a suitable number of phenotypically

Colwell et al. (6) proposed in 1986 that aeroti:onads consti- and genotypically related strains. Additionally, by examina­tute a new family, Aeromonadaceae, based on 5S rRNA tion of 
case studies, antimicrobial susceptibility patterns,
cataloging, 5S rRNA sequencing, and RNA-DNA hybridiza- and phenotypic markers, the possible clinical significance oftion data. this group of aeromonads was investigated.

There are currently eight recognized phenotypically dis­
tinct genospecies distributed among 12 DNA hybridization 
groups (1). The genus consists of both psychrophiles and 
mesophiles that are found in soil and aquatic environments MATERIALS AND METHODS 
ani that produce a diverse spectrum of diseases among both 
warm- and cold-blooded animals (14). Bacterial strains. The nine strains of Ajandaei that wereThe species Aeroinonas sobria was first proposed by studied are listed in Table 1. All strains were frozen in 2 mlPopoff and Veron (26) in 1976 and encompasses four DNA of Trypti~asc soy broth with 10% glycerol (Remel, Lenexa,hybridization groups: DNA group 7 (which includes the type Kans.), maintained at -70'C and subsequently subcultured
strain CIP 7433), DNA group 8 (which includes all clinical A. onto Trypticase soy agar slants (BBL Microbiology Sys­sobria isolates hybridized to dat,. but has been proposed as tems, Cockeysville, Md.), and incubated overnight at 36 ± a biogroup ofA. veronii), DNA group 10, A. veronii biogroup V°C. Unless stated otherwise, all analyses were nerformed at
veronii (which is phenotypically distinct from but genotypi- 36 ± I°C. 

Phenotypic analysis. All of the standard identification tests(Table 2) were performed by either conventional methods 
*Corresponding author. (16, 19) with media and biochemicals obtained from Kernelt Present address: Microbiology Department, Anne Artindel or by rapid identification with the APi 20E system (AnalytabMedical Center, Annapolis, MD 21401. Products, Plainview, N.Y.). Media for ascorbate utilization 

560) 

1')
 



561 VOL. 29, 1991 AEROMONAS JANDAEI, A NEW SPECIES 

TABLE 1. Aeromonas DNA group 9 strains studied 

A. jandaei strain Case ATCC Location of Source Other clinical information no. no.' sender 

CDC 0787-80 
AS-14 

1 
2 

49568T 
49569 

Oregon 
New York 

WRII/4658 3 49570 Maryland 

NMRI-6 4 49571 Maryland 

AS-206 5 New York 
AS-235 6 New York 
CDC 1081-81 (AS-167) 7 49572 Hawaii 
CDC 1530-81 8 Georgia 

CDC 1531-81 (AS 171) 9 Georgia 

ATCC, American Type Culture Collection, Rockville, Md. 

TABLE 2. Biochemical reactions of nine A. jandaei strains 

Cumulative % positive 
Test 

1 

Indole production 100 
Voges-Proskauer 78 
Citrate" 100 
H 2S on triple .,ugar iron 0 
H2S on modified GCF 11 
Urea hydrolysis' 0 
Lysine (Moeller's) 100 
Arginine (Moeller's) 100 
Ornithine (Moeller's) 0 
Motility (25°C) 100 
Gelatin hydrolysis' 89 
D-Glucose: 

Acid 100 
Gas 100 

Acid from-
Amygdalin ' 11 
L-Arabinose 
Cellobiose 
Inositol" 0 
D-MannitolMannose 100100 

Melibiose 36 
L-Rhamnose' 0 
Salicin 0 
D-Sorbitolh 0 
Sucrose 


Gluconate oxidation 
Ascorbate utilization 
Elastase production 0 
Esculin hydrolysis 0 
Nitrate reduction 100 
Oxidase 100 

-
ONPG test" 100 
String test 11 
Sensitivity to 0!129 0 
Hemolysis on sheep blood 34 

on day: 

2 3 4 

78 

0 
56 

89 

0 
89 

0 0 

0 
0 

56 

0 

78 
67 

0 
0 

56 

0 

0 

0 
0 

0 

100 

Reaction for 
ATCC 49568T 

(CDC 0787-80)" 

+ 
+ 
+ 
-
+ 
-
+ 
+ 
-
+ 
+ 

+ 
+ 

-
-
-
-
++ 

+ 
-
-
-
-
-
+ 
-

-
+ 
+ 

+ 

+ 

period; i, positive at 24 hor-, Negative at end of appropriate incubationa 

Stool 
Blood 
Wound, below 

left eye 
Wound, leg 

Stool 
Blood 
Prawn 
Stool 

Stool 

Male with dianhea and dehydration 
71-yr-old male with multiple myeloma and diabetes 
Riflegun-imposed BB injury that became infected 

after subject swam in a fresh HO pond 
Navy diver with leg wound infection with two 

Aeromonas spp. from Anacostia River,
Washington, D.C. 

<1-yr-old female with gastroenteritis 
96-yr-old male with acute erythroleukemia 
Isolated from water off Honolulu 
Two isolates from the same patient in Children's 

Hospital 

and HS 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 fo- DNA group 9 aeromonads (CDC 0787-80) was nick 
translated with 32P (NEK-004; Dupont, NEN Research 
Products, Bostor, Mass.) and reacted with unlabeled DNA 
from the other eight phenotypically similar strains as well as 
reference strains for the oth,:r A. sobria groups at both the 

optimal reassociation temperature of 60'C and the stringent 
incubation temperaure 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 en,ble determination of simi­
larity between strains. Relative binding ratio values of 70% 
(for reactions at 60'C) and 55% (fj 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 relatedness. 
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 aduition 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 jg/ml. 

RESULTS AND DISCUSSION 

DNA hybridization results. By DNA hybridization (Table 
3), all eight strai of esculin-, sucrose-, and cellobiose­

after .ppropriate incubation pd ota r negative A.jandaei %.ereclosely related to the DNA group 9 
,API 20E test result, definition strain CDC 0787-80 (ATCC 49568') under both the 

ONPG. o-Nitrophenyl-,-r-galactopyranoside. 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. jandoei and other strains of Aeromonas 


and members of the family Vibrionaceae
 

%Relatedness to labeled 
DNA ofA. jandaei ATCCSource of unlabeled DNA 49568T ­

6WrC dT,,,- 75'C 
A.jandac' (DNA group 9)

CDC 07b7-80 (ATCC 49568T) 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 3.5 77
WRII/4658 80 3.4 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 7.7 32"CDC 9538-76 (CIP 7433T)
A. veronii biogroup sobria 

(DNA group 8) 

CDC 9080-79 (ATCC 9071) 54 
 5.3 38 
CDC 0437-84 72 7.9 46A. 	veronii biogroup veroitii 58 5.7 40 
(DNA group 10) CDC 1169-83 
(ATCC 35624T) 

A. hydrophila (DNA group 1) 51 9.8 ND C 

CDC 9079-79 (ATCC 7966T)b 
A. salmonicidasubsp. salmonicida 47 11.3 ND(DNA group 3) CDC 9701-84(ATCC 33658)) b 

A. caviae/punctara(DNA group 4) 39 10.3 ND 
CDC 9083-79 (ATCC 15468T)b

A. media (DNA group 5b) 40 10.9 ND
CDC 9072-83 (ATCC 3390 7T)

A. eucrenophila(DNA group 6) 47 11.0 ND 
CDC 0859-83 (ATCC 2 3 3 09 T)b 

A. schubertii (DNA group 12) 35 12.6 ND
CDC 2446-81 (ATCC 43700T)b


Vibrio cholerae CDC 9060-79 
 3 ND ND 
"dT, Difference in melting temperature between each homologous and 

heterologous DNA complex.b Data from Fanning et al. (7), with permission of thu; authors. 
ND. Not determined. 

49568 was sufficiently distant from the other established A. 
sobria-like reference strains A. sobriaT and A. veronii (A.
veroniibiogroups 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 Aeronionas 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 his 
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 modem (neo) Latin genitive 
noun and was derived after consultation with T. 0. 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 InternationalCode of Nomenclatureof Bacte-
ria (21, 22). 

J. CLIN. MICROsioL. 

TXBLE 4. In vitro susceptibilities of nine A.jandaei isolates to 
17 antimicrobial agents 

"50%and 0%, MIC for50and90Oof isolates, respectively; S, R, and MS, 

Antimicrobial agent 

Amikacin 
Range
4-8 

50% 
4() 

90% 
8(S) 

Ampicillin 
CefazolinCefoxitin 
Ceftazidime 
Ceftriaxone 
Cefuroxime 
Cephalothit, 
Ciprofloxacin 
Gentamicin 
Imipenem 
Piperacillin 
Tetracycline 
Ticarcillin-K clavulanate 
Ticarcillin 
Tobramcin 
Trimethoprim-

sulfamethoxazole 

->16 
4-->1652-4 

:2-4 
:s4 

"s2-8 
8--16 
51 

-s1-2 
2->8 
a 64 
-s4 

58-64 
32-:64 
3-1-2 

.<0.5/9.5 

->16(R) 
-16 (R)r-2 (S) 
:s2 (S) 

4 (S) 
.2 (S) 

?16 (R) 
SI(S) 

2 (S) 
2>8 (R) 

-64 (R) 
5s4 (S) 
16(S) 
6 (R) 

:S64 (S) 
2-.0.5/9.5 (S) 

-16 (R) 
-16 (R)4(S) 
<:2 (S) 
54 (S) 

4 (S) 
-16 (R) 

I (S) 
2 (S) 

a8 (R) 
>64 (R) 
5:4 (S) 
64 (MS) 
64 (R) 
2 (S) 

:s0.5/9.5 (S) 

9

susceptible, resistant, and moderately susceptible, respectively, based on 
guidel~re 14100-2S 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 ofA.jandoei is as
follows: negative esculin hydrolysis, negative fermentation
of sucrose and cellobiose, and resistance to a specific
diiution of colistin (4 p.g/ml). In previous taxonomic work in 
1984, Turnbull et al. (28) noted the presence of a small
asaccharolytic group of aeromonads 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 Acromonas spe­
cies to colistin.A. jandaei resides in the genus Aeromonas because it is anoxidase-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 NaCI for growth. It isnearly uniformly resistant to ampicillin, cefazolin, cephalo­
thin, imipenem, piperacillin, and ticarcillin (Table 4).

Presumptive identification. Rapid identification with the 
API 20E strip and data base yields an identification of 
"Aeromonas hydrophila complex" with an identification 
level of "very good" to "excellent," but with the comment 
that the negative reaction for sucrose fermentation is c -n­
sidered atypical for their data base. The four different profile
numbers generated for the nine strains in this study were 
7247144, 7247104, 724614A. and 7247145. Additional pre­
sumptive markers for A. jandaei were a positive Voges-
Proskauer reoction (89%), positive H,S productio, from 
GCF (89%), resistance to cephalothin (18%), and utilization 
of ascorbate (67%).

Clinical significance of A. jandaci strains. A jandaei was 
isolated from specimens of diverse geogranhic 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 tLat have been published previously.

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

Charact-rstic A.jandaei A. veronii biogroup
sobria" 

Esculin hydrolysis _b 
Acid frjm: 

Sucrose - + 
Arabinose .-
Cellobiose - Ve 
Salicin - -


Elastase pkoduction - V 

Resistance to cephalothin + -

Resistance to colistin" +d _d 

Gas prodi -tion from glucose + + 

Voges-Proskauer + + 

Lysine decarboxylase + + 

Arginine dihydrolase + + 

Indole production + + 

Mannitol production + + 

H2S from modified GCF +d +d 

Hemolysis on sheep blood + + 


a Formerly A. sobria.
 
- Negative, i.e., positive for 30% of isolates.
 
+. Positive for a70% of isolates.d Data from Carnahan et al. (4).
 

1 Variable, positive for 31 to 69% of isolates.
 
14 j±g/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 cou-se of his chemotherapy his 
leukocyte count had fallen to 1,900 and he had had several 
septic episodes with Enterococcusfaecalisand Escherichia 
coli. In August 1981 he presented to the emergency room 
with acute mental deterioration and a fever of 102'F (39°C); 
laborat3ry 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 
:ultures 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 days after admission. 

0i)Case 2, wound (isolate WRII/46581 (17). A 10-year-old 
male who swam in a freshwater pond after an inju.ry had 
been inflicted below the left eye presented at a hospital 
emergency room for ,:ellulitis of the left lacrirn I sac. Sub-
sequent cultures revealed both A. veronii biogroup veronii 
and A. jandaei.Surgery and treatment with cefotaxime and 
trimethcorim-sulfamethoxazole resulted in a complete re-
covery. 

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

(iv) Case 4, blcod fisolate AS-235) (12). Case 4 was a 
96-year-old male ,vho had been diagnosed as having acute 
mvelogenovi leukemia 3 years previously by bone marrow 
bionsy. He had received no chemotherapy but had been 
transfused with erythrocytes and platelets periodically fot 
episo&d, of epistaxi. In July 1984 hr. presented to the 
hematology clinic with a 1-day history of shaking. chills, and 
fever to 101'F (38°C). Laboratory findings included a lzuko-

A. veronii biogroup A. schuberiji A. hydrophila A. caviaeveronii 

+C - + + 

+ - + + 
- Vd + 

+ - - + 
+ - Vd + 
- - + -­

- - + + 
_d _d Vd _d 
+ - + 
+ V + 
+ + + 
- 4- + + 
+ - + + 
+ - + + 
+d _d +d _d 
+ + + 

cyte count of 3,200, a platelet count of 25,000, and a 
hemoglobin level of 7.9%. Blood cultures were drawn be­
cause of the apparent septic episode and revealed Aeromo­
nas species. The p2tient was treated with tobrarrycin 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 ol the 
mode of pathogenesis, particularly in relation to gastroen­
teritis, awaits either the development of a successful animal 
model or the completion of a successful human volunteer 
tial. 

Nonetheless, the species of A. Itydrophila, A. veronii (A. 
veronii biogroups veronii and sobria), A. schubertii, and 
ever A. caviae have been delineated as di.tinct phenotypic 
species to be considered by clinical microbiologists. Some 
investigators have suggested in the literature an association 
between a particular taxonomic species and specific disease 
syndromes, i.e., the significance of A. veronii biogroup 
sobria in bacteremia, A. schuberii in traumatic wound 
infections, and A. caviae in c 'ses of pediatric gastroenteritis 
(5, 12, 23). 

In this report we described the phenotypic and genotypic 
distinction of a previously rare DNA group of aeromonads 
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 infecti( is disease re­
searchers. Only by accurate and complete biotyping of 
clinical aeromo,ad isolates can we achieve an understanding 
of the ecology, epidemiology, and pathogenesis of these 
enigmatic aquatic ncroorganisms. 
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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 

Volker Ilusslein, Trinad Chakraborty, Amy Carnahan, Fr,,m the In iti fir (I'nkA tord hliAroliuoggiede'r Univerit
and Sam W. Joseph Il iir:hurg nd the , h'i:im-le nier'ilmt - 'linik. Klinisc/ 

Bioc/tie. It iir:eur. Ih'eralRe mlic o/ Germn Il: uthe Departmcnt (?/ 
ih'rohiologr. .- ito ..Jrud/ Mei('caliv("Cen'r. .nnaloli%. Mat'r:hind 

and Mei l)cparlm'nl o/.ihic'rohifo/ W.. I '1 '.nir o. lar 1'h1u. 

Co(le' /I'rA .lar I/and 

A large group ofaeronionads and other enteric microorganisms were assayed for the presence 
of the aerolysin gene with use of DNA-DNA hybridization. Two DNA fragments corresponding 
to the regulatory region (aerC) and the structural gene (aerA) were used as probes for the detec­
tion of the aerolysin 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 asmall 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 Aerontonas sobria strains. These strains have recently been grouped into a new species 
designated Aerornonas trota. lence, the DNA fragment aerC used in the study is aspecies-speci­
fic gene probe for A. troba. The ability of the aerC probe to detect strains belonging to a single 
species suggests tha! there is selection pressure to maintain the clonality of this species. These 
results have important implications with respect to the evolution of-pathogenic profiles" among 
these medically important bacteria. 

Aeromonads are gram-negative bacteria that arc ubiqui-
tous, autochtltonous residents ol'larine, estuarine. and fresh 
water environments I. 2]. While lteromnona.s organisms are 
clearly recognized as causative agents of wound and extrain-
testinal inilections 13], there has hecn insulticient infbrma-
tion. such as that obtained from a reliable animal model, 
studies of documented outbreaks, or successfl trials with 
volunt, :rs. that clearly establklies them as causative agents 
of enterointestinal disease. I lowever. we have recently re-
ported a well-docunien cd siri!e case ol'a laboratory worker 
irifccted with a distinc, strain of..'romontt, [41 that repre-
sents the first case in r'rool'ol'acrononas etiology intes-
tinal disease. 

'Ihere are currentlN I1)accepted or propcsed phenotspccies 
of',fhronmonai 14-10] that are anion least 12 hihridizationIat 
groups I I I]. [ he ofien-contradictor% informatior, obtained 
fron worldwidC 'sudics of Icroomrmi.i organisms 1Iiav hc the 
result of' inaccturate identification of miost isolatd acromo-
nads: this occurrence has h'd to confhuion in the as ignmlcnt 
of strains to eslahlished Species aid/or groups. thus niakim' 
valuiation of iath.ecuesis and %irtilence rather icoirclt-

,cctcamcd I I sc[I)t'lt.cr It )1. r, d 17 1)Cthl It.iI 
(1r1n ,.ti)),[r Ib Ih II,',thI1i;,,icictii.i (ihiI'iiL'Ih St Ii 17 ,

i[)[,,ICCI 11-11).111dlOilt_ 'C 'L \ 1iar h1tt.rl;.ll".1,11 I . .h [ll~ l ( ril ) ' -'""It)G'i>tt-l _ )li,-'0,-

IRprintII ,r .,rr .II&ItI Irm.gd II ,Is titui Hir \tcdi-.I Dr I( ',Ikf h 

/m11 hc l -i '.I( . I ranklhrter-
11)7. it It)()(I (It , I ,jj' c I IS IJtll 

linical infe,tiou. I)iDeas , 1992:14:11tt.) 3 
l992 I I II i ' l IL' '1 ileii, rcIcr ,\1 

tIi8-.r"/)2/14o ouus$o2 11 

sive. Attempts to characterize the virulence Ieatures of'Al'ro­
,nona.v organisms have likewise been somewhat ambiguous. 
While Acronmona.v h rdrpolpilaand ,fc'rooun. is()lronii biovar 
sobria are generally regarded as more virulent than 4co­
monax (liac 13. 121. there have hen no specific characteris­
tics other than hcniolysin activity and/or production of en­
terotoxin that seemingly account f'r this difference [ 13- 181. 

We had previously uscd marker exchange mutagenesis to 
derive Iutar.nts of A rolona,. so/ril strain Al 12 that were 
deficient in the acrolvsin Ilene. With use ofa mouse infection 
model, it was demonstrated that aerolvsin is required for 
both the initiation and the maintenance of'a septicemic in­
fecion [ 191. [he cloning and entire nucleotide sequence of 
the acrolNsin icne from the clinical isolate of l. .ohria strain 
A 112 (now, classilied as Acrotnnus/ tloh) has been reported 
[4. 20. 211. Two regions (denoted act'( and acrB and located 
upstreanlld downstrcam. respective\'ly. from the acrA gene) 
were fiAlid t( ,fl'ct the prodtuction of acrol'sin. The cr( 
region w:trs specilically shov,,ii to contain t o diveree i non­
os erlapping proltlcrs and clecnls requircd for the regula­
lioin ofacrol,sin produrction [211. 

With lie asailabilitN of tice recorubinants and the indc­
pendent cloning and seqUelcing of the :crolv'.in gene froIm 
'1. /1l roiphi/a strain Ah 5 alid .1. tro'i strain A[ 12 120. 221. 
we havC hbcgn n to use diflirrnt p ohcs derived Irom strongly 

conserved aid dicirgrm rtregions Ibetwc en the Iwo cloned se­

tullerlcCS f)r exani irat I of Ire pre\alerc'( (if acro lsin in 
,ar_,c variet, ol' r'o it a isoliales that oripillat d front both 

-

clinical aid cnironnlcntal sources. In our first studies with 
strtins originating fron I he Netherlands. we lund that 

http:crolv'.in
http:sc[I)t'lt.cr
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while the aerA gene was present in nearly all of the strains 

probed, none of the strains harbored sequences homologous 
to the aerC region 1231. 

This study was done initially with use ofa well-defined set 

of' strains that had been previously identified according to 

species, source of isolation, and virulence potential in a 

mouse infection model 112]. Our results showed that se-

quences corresponding to the structural gene aerA were re-

stricted to the genus ,,leromnavand were present in every 

aeromonad tested in this collection. Furthermore. we discov-

ered two strains that hybridized with the aer(' gene probe. 

which contains sequences involved in the regulation ofaero-

lysin 1211. Subsequent analysis led to the discovery ofaddi-

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 .I. trota 141. 

Bacteria! txrains. The strains used in this study (table I ) 

were stored at -70°( ' in trypticase soy broth with 10, glyc-

erol ( Remel. L.enexa. KS) and subsequently subcultured on 

trypticase soy agar plates ( BI) Mlicrobiology Systems. Cock-
"
 evsville. Nil)) at 36(.C ± I0 .Single colonies from these 

plates were restreakcd on a second trypticase soy agar plate. 

incubated at 30'(' ± I ( fr 18-24 hours, and used subse­

quently fur analysis. Ihese strains represented several spe-

cies of'1eromnuna. including the newly proposed species Ir-
nmwnas iailavi and ,I.'rota [4, 71, [he diverse geographic 

distribution and sources of' isolation of the strains are listed 

in table I. 
I'/notpic analri.s.lie strains were examined for nu-

nleroLs phenotNvpic characteristics, including morphological, 

biochemical. physiologica, and tolerance traits, as previ-

ouslV described 1241. 1lhe phenotypic traits listed in table 2 

represent a smaller subset of well-discriminating characteris-

tic, that differentiate .4.trta from other closely related fhrn-

mona. species. 
,S'train y rlp'eanalsis. lie fourteen .4. oo 	 !,tarains ins 

addition to other ,i'romroak strains described in table I com-

prised a group of 52 aeronlonads. which were ainalyed for 
the presence of aerolvsir. with Liseof tile acrA and acr( 

ll-obes. 
Purifiationofl,). Whole cell )NA was isolated by 

the inethod of Priefcr 1251. I he plIsmid pHlP( 3-I. front 

which t: two probes were derived, has been previously dc-

scribed 1201. Ihe I)NA probes that %\ere used are depicted in 

figure I. ' he restriction fragment, fbr tire picparatiol ofthe 

probe were purified frot vector sequetices on an agarose gel 

as described previousk 1231. 
li)u h/ut and .owl/tlrn ioIt i/uruud.:ation. Samples were 

prepared for dot blot hhridi/ation as Freviousl' described 

123]. We found this method to be superior to colony hybrid­

ization since many of the .,Ieroinonas strains Ivsed poorly in 

situ on nylon strips. (hromosomal DNAs from a laboratory 

isolatt: of l-c.icrichinco/i strain 5K and ..I.iwor strain A1B3 

served as negative and positive controls, respectively. fbr 

each filter (Gene Screen Plus. )uPont. Wilminoto. I)E). 

For Southern blot hybridizations. 5 pg of the I)NA was 

digested with the appropriate restriction endonuclease. dec­

trophoresed on 0.71 agaiose gels with use of TPI buffer, 

transferred to nlon sheets (l3iod ,ne B. Pall) h the alkaline 

transfer method, and processed furthcr with use ofthe manu­

facturer's protocol. After preh.x bridization (50 m.l Tris. phI 

7.5: 10 mA! F)IA: I 11 Na('l: I X I )enhardt's: 0. I m of 

herring 	sperm In)NA/mI.: O(.I%sodium p.Nropholsphate: 1i 
' St)S). the hvbridization was perlbrm,:d at ())( overnight. 

The tilters were washed twice (0.2. standard saline citrate: 

1 SI)S: 0. 1V,sodium pyrophospiate) at 60°( fIor 30 mm­

utes (high stringenc. conditions). ' he low%strin.cnc condi­

tions were hNl-ridization at42(" overnight tilowed hv two 
' to three wkashes for 30)minutes at 42( (2 X standard saline 

citrate: I ( SI)S: 0.1I sodium p> rophosphate ).I he %%etfilters 

were exposed to Fuji RX films (Fuji. Iokyo) tifr 12-48 hours 

with intensifying screens. 
12
I)NA probes w*ere labeled with 1 -IAI h, the random 

priming technique of Feinherg and Vogelstein 1261. 

Results 

(0hractcristic.Nolt/u D.N.I pirohes. The )NA probes used 

fbr the detection of the aerolysin gene and the 5' regulatory 

elements were isolated and purilied as described under Mate­

rials and Methods. ()n the basis of the known nticleotide 

sequence from two independent icrd,,sin genes 12 1.221 the 

fiblowing two gene probe,,were generated. I he probe desig­

nated as I isa 394-base pair (hp)P t I ftaglent cosering the 
acr( region from .T.iola strain Al12. and the h1llonolog, 

between the two sequences of the aerol'sin get: is onl 46((: 

on the other li:id. the poohe desigllalCd as 2 is ant internal 

337-hp Baml ll-pi I fragnent iii atre-l,m v,here the homol­

ojy between tile it seluences is highest at I',.I lie regions 

covered hN the respectike pri ls are d,:piccd in ligure I. Itis 

apparent fromt these data thai acrolhsinIlia'.Ih Ilcliticl\ 
,

Ittcrogenous milx of'cviotoic hlllol Sill ' pc"Cill ill-lro­

1ion1a specie,. 

.ti/i o/ i/t h/ut httlol/,Itdtam l/i acidltiwn-%pii/ 
,ir,,lv'[or rapid detetlillliltol of tIe preen.ci itfhtlh­
gis seqtLeiIces the alo silt peie ilL tcollecti, ii oficro­

monti strains. \%c pcrfOrncd I dot blot hrliattun assas 

using hoth I)NA probes 11 initial aohn\thudil'Ai 

st.illls .lcro­livbridi/ation a .sa\. %%Cf'hud that nitl,, it 
' 

OMia gilse c:lk and difltusc siilllk,wheniCther eIpro.I.eili' 


was ised 1231. 1lis occitiiciec appered t,lbdue ii part to, 

a p( te I I )N:i,, that i,11 iriuall ll,11prdtci h, % isolates Of 

,,hr,,non'. regardless f'specics or source of isol,tion. I he 

http:preen.ci
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Table I. 'haracLerization and DNA probe anailNsis ol,,ronooa. strains Sludied, 

I)NA probe used 
Source of (Oorgraphic 0-Ileiolt ic

Strirn I' nef,ospecles Isoli1t1ol 'pplirce i.Ii il*s o ( " p1p"r, 

A112 A. i'pp Irm.ec, hldl, + 
'A1I-1.4 ir3i I eoaces Not opplicadle + 4 
A 7 , tillp I ece, Ila ngladeli 4 + 4 
A S A Iroli I eces IlrgladesIh q 4 4
A.\) A|. ipli Ice', ItmlBangladesh + + + 
A I I . ir,,hi I cces lingladesh + + 4 
A If .| I/o/hl I eces Ilagladesh + + + 
.. S6.. tro Ilece, I hailand + + +
,\S3'711 
 .A I/o Appendik ( "lilrnia + + + 
N\RI 204t. Irti Ileces Ildlinesr, + + +
 
N\IRI 214.. 
 Ilol IlUIrni di\e Virgliiu + + +
 
52 ;lh .'-. 
 'ti I eces lI lic + + +
574 .A Itphi l"eces Indpnesii + (weik) + + 
.\ ('543) . Inlhp Iccs S.iu l lnd 4- + +
 
AS 14 4,\ I ( ( 495(6)) 4 pu/d, Ilood Nc, York + (wcak) - +
iI 
NIRI 6 (A IWC 495711 A- I111010 \Vur)d WVashilloh. D.(. 4- +
 

R II/408j,SA1 (( 49570) -1 /.lanIic' WOUnld \1i)inetpgh. ItC. 4 (wefiak) - +

AS17 I( C 1011-8 I) <I /pithi/i lrp,,n I la ,iu + - +
 
,\SI71(('1)( 15.11-II811(A ( 49572) .- I M /t'i Ieccs ( icorgiti + - + 
AS 06 A/itpI'l I c.CS Ne" York + - +
As235 ..I.Apipai I old NcA York + - +
NIldarn .. /ioliau ccc. Narlard -
A52I/2 .-I, ppou 

hioar 
sobri Rkvtil hIop., New York NI) - + 

NIRI 7 -. hitlhhi I e, Aound Wr"iftI~on. I).(. + - + 
NNI RI A.. hI drIdtphi/ IRi\ cr v"iiter WaN.hilton. ).('. + - + 
NNIRI 56 iihlhil/,' Ri er %iter U;nited States + - + 
Nl RI 213 I. I/i/Ilp/ihi I ce', United States + - + 
NMRI 2404 .A. Iilhop/h/ Icccs United States + - + 
I 2/U), A.I Ip/ph~qlht I eces Ilie Sudan + - + 
A %fI 24052 .. Ii *hd/a I cce, Niar. land + - + 
N\1RI 2 Iowe Aaler 
NMRI 1504 pip/c 1'lound U.iited Sta.tes ­

.41 t Riter W\;shnctpmon. l).'. + - + 
- 4-

NNIRI 2049 A I cces United States, + -+ 
NMRI 214 I POPUP Sputum United States NI) + 

hi iit 
hlo+rh 

'phrm
 

, . trmiil," I I,1 Ihew i'pi: aLnd I)\ \ dcllihii 'im u 'lrt'sm%.i '-t.' c lor I,A il, II hl,/ h/iii star/s A IlC 7)6Wt 
()NA.\. II prolpl II. DU

It(1r-4i(I)%\ Yrip 2. l N I 4-\4 H1", \ ir,//up1 1 4 ,,,. ,, ,,p It, I r A I ( _136 ,S (I)NA group .1): ,.I ,atpi"strini AA In " 15408 
+() !h(N 4 1)(xp I.i ,2-s I (I )N, .1, p " ). auid IlLI'X, / +(".4 1 ) s gri 5l. ,i,i,(i o /, i i I( (.3)47'3ll); (I)NA1)'pp goIp . iiipJuplp(IP, h/hl/./I/i.un N \ fIt '+.11 iI l)". A(( I4 "s ) 'up ). 1 ,,hl '/.,mlnL 117.141'(1 )N. up 7)r7 , ),ui ,iir s',ri.r.i i in( )( 4437-84I(1 )NA

i.iip S\ ) I au , I' . ,,4r .."' uuIt I( 1 it Ix4 / 14-'9 l) \ "r{up 4., /XNIP/tpil't,\ 44P ,'p5 ( I)( )787-81 (INA r//l/9) I..,tr~/p (( 
, ,,t ,,r i I 'ru ,peiiep." 
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ch-ni i 1 ( ' 4 i1 I) I Ip,'4-s 4)41)' \ l i 4 ,,p,..ip. 1IC r iitlliil-psiilc (It(4NI 1.//4,. (i)N ,\ 'in h'willoiht 
I)( 2-17x-S, j

,i fIII \,J+l %k 11', 'd
•lth llr' I 11%pil1)11 - ,t .llh ,i,cCl\lh II itI, n , 1 ) [lilt dOIVIIIII 

I I,,II\h , l It 1 .1 rIl I)i, [mI I II I / , IrI I , 112 riI 

rct ullS iiilintcdI \k iI lit.irst citllcti, /) if s1ttilis istililed ilt /11/11/S ( Cincluding I. I /IO. Ship]t//htI'c"lcria'. , it/ll il­."i/4 

ile ;Init'd Siltle, Austr, ii. Ind Indhili rc depicted in I/1nuru.1 m) 'rotua species, I t/l/p/ chi'/lt' s lttgr tip 0I:1,lipturC I. W hi111.'le Oi td th(e .-hCI (,Mtt 1hstMrainls, thatl ", crc Ilb/liio ll t lol. Ii )Iit, h/lic/l'ot' flonl-scrop£1ip 0: 1. [Bac<illm 

tle'd hi' ridi/ed stritlgi; t, ih tile mc'te '// !lIIf 4i/'Citi'Ci.pribe Irotm \i,ilhhtfl species. I./l4 /1101 . and L//hi'l'Oi'rP4,ll /th ) 
ile sl clrticral eie. i 1ll ,, timtt (NN1RI 2)6 and NMNRI did nit h',hridi/c % lih eitlher ptbc undelr lhrecontldilintt', 

,2(08) 1 llte 4) ItCed SilOwCd Iit e iCC I Iiiitihiytts sed, I1++-dttslrl i e speCIIrllit pit tite probe fIOr tthe 
sLItIeltces lo ltile aiT( genIe prole deri IdIIrn lAi.hla dtrain lents ,h'rAomiij I lie dtlu oihllt.'d tllced Ihill hilehat 
A112. We lilund lIhil itrains uLtrcIilled ti Ile pentI1 ,I/p l Ihe ,lrlril IllC IlOr ,kit)ill preen li i ll i /i ' 



Table 2. l)istinguishim, characteristics ol'A. trot in comparison with other Acromoa. species. 

A.1 Itrollit A'. wvii 

AI hldrplithi A. acI, . land.'i bio\ar sohria hiosar \cronii I. it/hueriii 

(I)NA group 9) (I)NA group 8) (I)NA group I0) (I)NA group 12)(haractcristic .Virwa (I)NA group I (I)NA group 4) 

I t'1dt'I,'c,, c',cihn -. 4 I 4 
,I'f"Od UcC acct Incth\ tcalrhintl 

IfroilI lic'.ct 
-+ + 

'\cid from 

( cllohhi,c -I. - V -

+ +Matrlitol + + 
-+SU-rs + + 

S)sdate., !IhicoinaiC - + - + 
toh
5ui,.cepliblll 


AmpIclt tll ( gPig) So R' R R 


('cphalohn (30i
pg) S R R R 

(AI,11t"(4 p.g'lh.) S V S R 


(arlbcmI'Idh ( 110 mg) S R R R 


om lIlacI,',cProdtuc, . tiuil + 4 - + 

Pro duct.. liilC dccarhox kIsc - -

No I I- All species were us\ida,,¢-po,ii\c.glucosetrn liny. gralm-ncgalki : rod, ihat \%crc rcsistant ti i 

nitrate. ,.Acrc motile at 36'( . and did nt grosk In the prcscncc ofI5', Na(l lable adaptd from 141 
. V = 

Ncpaiioc Icactiol .ltcr apprupriatc t,1nuhatiun period i.c . pomlIc -- 30',y 

t'siiim' c rc t .. c c.Liun after appropriate nuhation pcriod i puSll\ c -97ii,)
 
£Voges,-Prli 'r ist.
 

' Susceptible 1) Kirhs-litier mcthod
 

Resistant h\ Kirhs-tiaier method.
 

-

+ + 

- + ­

+ + ­

+­

+ ND -

R It R 
S S S 
S S S 
R R R 

4 ­

- -I 

rioi,ta itica¢nt (I/129) ( 150 g/ml.). rcdued 

\ariabh. NI) = not dccrmined. 

WestS = susccpiihle to singic \It( dilution )1'4 pg/ml. " ilt usc it the ticroSc an granl-ncgalisc ('om' Panel (tasicrHcalthcarc. NicroScan )ii.ision. 

S.aocr i i. (A): resistant i, single MI( dilution 14 pg/mlI. 

nltifa.l ,strains,. there is considerable diversits in sequences in 

the ia'r( region t the various strains. 
f'icitoIt-Ipic tIaTacterilaloi l wifl /h'hridiinguidth I/it, 

aer(g tvc, prlob. In concurreiit ssIcnatic studies tisin ni-

merical taxononi,' we disco\ered that all of' the three A.lcr-

nona strains detected in this stud\ lrrncd a cluster with six 
other strains (A7. A8. A9. A I I . A I0. and ANI('5439) that 
was distinct From those of" all other major phenospcies. 

Ihese presumed at.,pical .f. vtiho,m biiiar sohri;, strains were 

distinguishahle from other phenetic clusters based on the re-

actions Ir esculin hvdrlssis,. \'eos-roskaticr. sutcrose ter-

mentation. dtl,usccptibilit\ It aMupicillin 141. 
irthr screening of' .1 'runuom i strains with LseofIlloth 

dot blot hhridi/ation anid numerical lasnom(m led to the 

di,,co'erv of' four ,imilar. at.\pical A.. wic.ni bios ir sbria 

strains (5258. 5274. AS66. aInd AS370) and threc further 

ideriifs inc, clu:ircteristics: Ifermentation omcellohtse. inahil-

it\ to O\idi/C [ucotC. aLi sCeptiblIhtll\ to4CArbCnicillin 

table 2). I )einiti'.e identiticiionitf thi,, cluster k.5,t1acc'uifl-

ph"'ed b\ ;u.w'\ of total chromoin, al Mi t)N,'alist ill 

kill)"[) definiti., .trim,, ',tln use of I)NA-.-)NA hsbrndi,.-

tion. I lie proposed ninie if tiis group is .I Ithi specice 

nosa 141 . 

,'na/nl ,' Acromonas irmaoih ,I m' o/ Solliirn/otll 

/.tr(' atnd aer.I prlitic Since sc\crnI 

oftlhe strain, identiflied as A. rOa had hCC lassiCd Oul iil 

the hasis ,'rnimerical taxionomic studies. 'e ontderc l iii', 

hilrdi:,oiitoith i/ 

CflicacioLs the a'r( cene probe might be in the detection of 

bona fide A.. Iriastrains. In addition, %wealso examined the 
reference strai s comprisin.c all known icenospecies for the 

presence ol homiiloeous sequences to ltr( '. (hromosomal 

)NA I'rom all of' the .A. uIoma strains was isolated. digested 

with the restriction endlluLltlC.e SI I. sub.ijctcd It .garose 

gel clectIFIph0 r'SiS. blht-td onto n lol-bi,,Cd filters, and 
probed I'r hointtlgOUS scLuCnccs Ito the acr( genc probe. 

ltr c.cr, single strain ol' .I. Olu/ tested, a 4--kiloase (kb) 

hridi/ing lfragiicit \%as o scr',Cd: lir straius 5274 and 

ANI( '543). Ill,% c r. h',bridi/ation of the acr(' genc probe 

with 5. I-kb dld 5.9-kh St I fiagnients. rc,pcctisel\. w\as,b)­

sel\ed ( fi.urc 2). In conlrast. io)hbridi/iatiOu %%filh chromo­

.omal I)NA \%its ohscrCd 10r an\ of the other relf'rence. 

strains if Ion-llot enlospecies ot' .h'rollii las (doli not 

shiom ). I fence. lite acr( fianicnl used in this ,tud\ i, a 

species-specific prolc .0j I. ilolo. 

We hac prc\ ionsl\ C liiCteCd u10pon the diCrsC ipAtterns 

otrestrittioti trac llit, c .'\hen hshridAtidiin \\llt prcsstn 

encollmpassilg dilkicnl reg.'ns ofehtheil\s en ,s per­-'len 

firlCd 123). In another seies of eperrnents. \%c L.'eCI Ire 

,'r\ gene p1tibce it) Ol h 0f1h' hstl\ 111Csi/C, It' rbri/Irug Irav­

inent in Sit I digsCIs (,)fl11ii110"n0tnI I)NA hom the diller­
cut abo'%e-i ti 'ed . Illicioillii stia ns. A 1.2-kb Ss/ I flra­

mciii saS liuind to hl bride.i/C illl the probc in All strains 

c\cCpI 5274. AI l. NAIRI 2(6. aid '\Nl( '5439. \which 

slo'' cd 5 I-kb. I It-kb. I S-kb . and 5.9-kb h.\bridiving I'rig­
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Figure 3. ';outhern bhot h brid,'ati0rl profile ol'genomic DNA,
strain
.'Irol . with Lse of the acrA probe (see figure 2 fur 

idenlilication ollancs). Ile arrow indiwate, the 1.2-kb I)NA frag­
mDret lltr A113. 

I irent ll.ll polk ni rphismtrs \%ere observed lfr t ¢se strains: 
.eerie (00'A)Alld its rc,uI,r_,to reel i (ih'('l the arrl,\k rtel)t",teiltthe Irainemet leliutis 'I)NA rauiw.cd Irnm 0.7 to 15 kh (fig­
the reNpece promo,,ters 1lI1 dccicd plh, airtsron ,ridlr ,1tic 

de..'err itC,.., pro-e I nId 2 I)N.\ ,.,%,tii',Cd twrn strm o, lI,ted 
itthe I'uitcd Stites... \ttralm. ard InthIOrI.iJ. I 
/iil :and K Alm I llo . .Itrdbridi/atiorw0r rdkIi ICLe 
I)NA pri h ri d tI'r' 2CeiII I )NA. dil'i/ridn i t ICtl ,I,. h lilri 
li.erl-Iotrh th\strin- that \crc pld "illoto,1.l itle[, Po,,i-
tite contro , .1 irir ,\ 1113 ptt 7llre litratil Ill \ I l ,j7. 
.L rol,. L , hostrimn 1kli .pitt.\7. IV,. (5 )4. 13. I2. ind (ii 
Irle ,tram i ipoll%n.I, e%¢akhrc.ltr (.I<II t,,io NM-IlIt a 
2)06 And N IRI 2418. In spOt,,I I ind 12. rcpccti,,I'., ',,ere later 
Identited IN.1 liow alter tis, inithil ciee.nuinie 

irctt. rcpccticI\ (flietir: 3). In conntrit. I lhrdi/i:ttor vith 
the mvA -ecielobe of .1. Itroa strain A113 as obscrsd onIv 
u.der I', strin-,il CoMditiou01 ithbrii/adtion (,ec Mate-
iialsaid Mietiods) for the crroinosornal I)NA from the­

other ilI'relie NtraIt, oI.h'r lomomI)i\cl,,c rcstrtcto rnl frag-

1 2 3 4 5 6 7 8 9 10 

tire 4). I heis data pro\ice further c%ideneI l tie genetic 
htoll ,r ofIl. ,pciusno%% dttie.'d , .aA.ritow. Ihc CU­it.\l" 

Ite. si pc dritihd 
tirtulatis Cdat: I tit respect to \%ith btothIt probes. 

ol tic acti l6 .anlrd 

ted here are precstled 

1 2 3 4 5 6 7 8 

-.-


s,urce ol'is, alin of ill trails stud­

in table I. 

9 10 11 12 13 14 15 16 17 18 

o
 

1,2
 

F .t t h) ridiAtoll prolilC Ol the tI,\ prl+,C 
29ith;/l-ditee ted vellri I)N . I thu h.0,,,ii',ro .e..c*.rr. ,geni. * 
Iles 1.. / ir/o/ ,s.trhli-l)("i 7 t )(I)N.\ rtuip I 2..4 
idr/lhd, str,aill (IX 533-76 (IN. crup 2).1. Ihmrilp,/l 

strarrrr ( I)( -ii.l.l- (lIN4' c lP3). -I..I. i/ tmmithi st liai 
A I(( 31 8 1iN.\ vrtp .1.; . .1 m ,,' t -79Ntl.:in (I)1 'MYu (,)N.\ ertp. i,. ,,,,,Iirrr,, I1)(1 ,iN2-l)N.\,,1 ,5,\)V7.I tzllt ",'ro ( I)( ii.43"S,.S (I)'s,.,cuiii <IlI. 5. I +z,~ 
,trnm IXI )(' -S (I )'s\ -tioup' Ii), 1, 1 t,,, m ,//i/,,Ntrmun
 

Ol,'ll [ h10 11l/,Atl,,n 1-,I I,. I)N \.,F~igure 2, .'11, IIh fur'lilt Mn Ln+ 

trIishottir I 1 s'11111H IM '.:r 1111cil tla prb I rruIL 1. 511.. 
A,112: 3. 5271. 4, .,5 . .) At11. '. I, 8. "NIRI 2111.1).
NNIRI 211. m id III. I M( .;4.t I lie , I',iLLteIcs li 1,-kb Ni' I 
IDN l ng e in 13, lraili 11iItiwilll,,ile ,,as etdI.t Slln o derni 

I)( it9-s (I)N\ t 
(l)N,\ v tp I1'.. I 
(WINSI '"11t I 12. I 

,14N 1 1 '111 it mI \. 
1
' 
lilt I It ',ottltll itli

Ill). I". h+ P,1M,+o,:nt,.'tt-,', 7-'(D)( 1 1 it,X I (Ir,,up I]) 

I d W 'i IXi 2.1.('s 1 1)r 'S Cr011 12 17. 1 /jaint/O 

1till I)(I Il I .I II IX. I I, I trII,.A112 A1 (C .t) 6 7i . 
I lie . (0ikl')1 ,Ithe ret l itMll ,IIlICIIIMl I 1,,1ihun '1..A112Is 

it'lt.d 

p 6,),Ii. I 
tim Irr 

h+,,
Ilt.u 
ml l 'tri 

eti li l ' II 

w, , staill )( X38-7(, 
,-bria ',trmn D( 0-1I.l7-8-1 
,, sillin ( IX 9-10f )-79 
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Discussion 

[he main linding ol'this studx is that all strains hvbridiz-

ing with the ar( probe ofk.- .. wia (A1.i'.ba)strain A112 

cluster hiochemicall, and forim a distinct phcnetic vroup that 

kC initiali deignated :ts
at.\ pical 1. ria strains. This CIis-

ter %\is conlirmed bi %%holecell I)N.\-I )NA isbridi/,atiol. 

which e tablished these organimns as a distinct ,speceks INr 
.Awhich the namIc A. tro species no\ a is noo% proposed I41

sumlmnlar\ of'tthe distiltishin. iokaturcs ill' thislwc species is 

listed in table 2. 1he correlation bhtctccn phenot\pc anil 

h bridi/ation with the acr'C probe as unc\pected and sue-

wvith the I)NA hvbridiiation group 7 strain (.A. soria ('I1 

7433), the .,h'ro,,na.i group 5(11 strain AI('( 43946. or 

)NA g-ro.up 9 strains (A. janIh/i). It is ol'interest that these 

groups ol'trains ;re taxomomicall' close to A.. rot and that 

similarities in tilea 'r( rc,,ion between these Strains mav 

ha\: relected comimon ecological habitats. Inability to fer­

nent sucrose is a marker li the species A1. iiow. and tile 

abilit\ ofstrainms NMRI 2. 5274. and 5278 to utili/e this 

suhstrate sue,,csts that these strains Iima"be hridgc or'anisims 

itotileother scrsllCo sitiSC organllisms. such as A. IIdro­

p/liltl..1. 1 o0111 ( hi\ar, sobria and \ eroiii). and .1. iViatc'. 
I he iwrA probe wait,, iiUnd to be Spcilic to tihe ienu .-'r­

id shoCd lhbridi/ation %%ith all .h'romoilu, isolates 
cests that Somic kind of selcction pc'slu opelates i llaill-,Oin 

tain the clonal nature of this species. 

Strains hhelonin.e to I. irohtspecies no\a hasc priiiarl> 

hCl isolated thus fir froml Southern aiid Soutlhieist A ia aInd 
has e bei associated predhomlintl. ith c.'ases stdroints-

tinal .lisorders (table I ).\ conparison of published se-

queices ol"to aierol\ ,ingn clonedCroml .1ila strain 

..\13 I I .1.h/diri'p/i/ strain .\h,5 shiosed that(table Illd 

these venes have dicer ed %idel.\. Indeed. litec rllI htiol0-

that \\c tested. .\n interesting obscrsation was the li\bridi/,a­

tion of thi,, pr1obe. with isolates belongin, to the species 1. 

Ww %%lI. ,Up0sdl. nonhenohtiC. I his obser\a­ichpareMe 
lion confirms and C\tCnds data that \%e ht\ c pre\ iotusl\ obh­

taiiCId %\ithtile robptpiribes,a collection ol'97 ,trainsSaml 
cotiprisi.ig sc\criil species from I lie >,'etllcrlands 123j. For 

Inans ol those I 4alo' strains as ssell i,,tftm olthe three 

sllins ill . /oics, flciln.- OIllt' th stuillcleat sis oil 

((rrA 'Cne i', sheep ollhorse 111id .JIrat noted. Ihi, occurretice impliesIc o1f77', of' the nucotidC sCquCncC o1' tile 

lower than tile .02of'7Li', Cd. iMrc\iplc. be-honi1 obscr 

tecicn the seuticnce, of cholera to\iti cetie (1t\i) and tile 

heat-labile toin elne (/hll) ll'entletol\ileiiic L i/1271. 

Within the aer lsin gene. Sequences eiicoding tileN terni-

nal hail'of the mlculeI are less \kell conscl\cd thlu tlhosc 

encodil. tile( tcrniiulis (73', ,s.IT(). lic nalor diter-

cces are cotnlinted to the 5' coilrol region ut the acrols,.rii 

striutcturil genc. I his region sh,,.i'd d h1li0102\ All\ 46', 

despite ci'nscr\,itnollhC A I richiiesiid tlitappiosu-

rnatCls -6lilar lethili betwCCnCI both IC lit-"eCLces Hence. 

Iering lsels, tinols tic its Sctisseen \itli \ il-t pc ,,islatCs 

oI':lu'rui'oiuml;lu\ I iplh. reflect diflerences inic\prcsioin of 

the gen. 
Southlei Nlot hhridliation f llcionio,ioi l I)N\ i,'-

lalcd flin 1.Ho1a s\iti Use 't¢theiun( pobe resualed i en 
,
eno h' ntu ,trc''urull i 

the restliii tin elnhluiuclas used (Lfienr- 2 (atlith rs, unu ­

fished results). I lucre i ,s n, rcilitullu bct\ cl the dtlfim-

ent hsibridi/inmg Irmilulit seen alld the hcni'l\ tic piCntm 

hl hllloC pattern o hbridi/ing h lhts. s 

t.C 


M uhichfti the ,iarlitisI. o/ a strains,, c ept Strain "2 4. ¢\-

hlbits i %,cikll iltic pl ienitc\ . I ili iiiilet isx.u.i 

Souttlieru hl>It l\i rid,'itiu n tisin ulm -dli'stdLkllu Cn ic.
 

I)N\ hi uiidictedillertiilus inlhe aur( Kilil ,I',A regiuns 

Sili slltili. ,il iccuiclm.iLcc tit iiiui\ he rCp4ii'sble lill lil' 
" 

¢ it* lublih'd Islltail 

Ih Im!lc c i ll C ( t I /I,/"I 

\k,,A.¢r heicni\ tic plimti 1W( iiliiis' i mc ts 

spC ilM I tlt' pro0be 

sti tilts \,INutni\p 'ictc I h ei rt lld ctwrllict lio nili-

g srti i' aNoai'ct l At studies 'M tilen reilll llsc it ihCCmi 
eeu'in et ii ,S ti stains 'iu'iiu/oiiiii(duii1,uu'iii'lulwIi ' IIis -all 

Mlitch l'isetlhn is cuintribIuid Iotlue1 ,CliCiu liix' m iiii' 

re'i m l htilei'\0h,\ii 

128 Nohtbriiiiitim o ith the au'r( pruk0%xxls Ci\ixl 
till llthell sitS¢,'1 r¢glatl utll .T/ic' 

hli11tile,,(eis . t ,-i ma\ he more lictero'elle ls than 

has prciouslh bcen Suspected. I hi, restult, combined with 

the i tiding that ..i at we is associated \%ithclinical disease. 

,u,,,gcstSiiolt]slsin loulIl be lIurthiCr iiCesti.atCd aS aihat 
pOIttcld irlnce1, heature utIthis, oreiisnil 117. 291. 

In Snie ca,,,(strains ludooi. 1,2106. And A\,( '2)52F) 

ariaile espressit luhl tit actisit\ .ldepending on tIhe 

txpc tlcr\ thrroc\te used iii \is%,,. All ofthe sas obser\c. 

thc,c +train, tlarbt,r the acrol\,sin getie: thceliirc. tI,, \ari­

ahiltts in limols tu ict.\its is to tolikels be title differing 

receptor uliliticsof the icrlols silltolecule: lor tiler':spectixc 

eCliio.,c\ te t 1p I I instiuce. Ilreiiden aid .landl 1301 ha\e 

Itested lol\lllS fromWlldilllent straills ol. t'r,,oa that C\­

luibited ioilclh dilicnul p lcul of' niollh .iclis t\ . Iliellc 

di igence 'ltlllct.cis the ,'Ilokll bo cidut'llul l,i\ ib 

hrictcr riou,s l iiil\tif0\t 1htic llltl\IIslits pi ,cfitill the 

geLus AtI' MI'llil', I irthir sul piri lir tI s t piitc',lesls comes 

Iill the obsel\ itloll I1pClriiiiiiltlIlhtil t i -ratothat u 

puitlid eiC10\ill I \10 failed it,ciiss­ltflillm,,o#stalin 
iuicd hIict kllil,ie'l\ ilI),; 

b, ti l tIh A\ 1!C1%dii not 

Ihl ie1l 'eiii1 llh~ th'th/,ill/ii i 

cll11 siiul I .0\ ested111,111 )NA d 

ulouiuii C i ciledd itiiCilielem C 

sme111 luentils tic strlls liarl­
li ! 

ll(Iht l IiA gT ii' prl \itll 

ila pARii!dlli It'rciu n c'­

hIb id/,ili, piticrits 

)b\ 


in lor 

I s me r %.liiiC .. 1m0ii, h I o1ilieC ,ciilcl 

sllNi 1 ue\k ilsCi I iil'tle lI /i' fi ­xC¢ ll miiu'cli i 

millt \ idditl,'iill .hiiliiu,,u'uii seilileiti ' h,' . .ciAillthe 

otllem ictiCICRi stuills i,C'Cdetitld 'iil tih'd eredl 1o 
iiu tiluuihui hlli/ itio IIIlllc'i.. lluclCbs1i 'illlmeenik 

siiu slti il V1eicii t the iiiilcu',tiule se.'iic ceiuulliie 

this it i lthe %ari'lis iu'suieC'C I Ise tiiIh,1lt' Ini-Lu IC 


i \ u ppiolltii plilnlpliiutus ttirilIpcl tohe puisiht otdistinct 
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toxins in different Acromttnas strains as virulence factors Ior 
this genus. Hence, several cytotoxic enteroto.xin cmss-reac-
tive (CT(') foxins nlay in fiact be aerolysins that have 
strongly diverged, thus revealing either lack of antigenic 
cross-reactivity or diflerences with respect to primary se-
quence. The molecular weights (49-0 kD) and isoelectric 
points (range, 4.5-5.5) of the puritied "Asao-toxin" and 
('T' cvtol,'sin are similar to those ofaerolvsin. and like aero-
lysin they "Ire also capable of inducing fluid accumulation ill 
ligated rabbit ileal loops. Strong evidence for this hypothesis 
comes from tie findirag that tlie sequence of tile first 25 
aminl acids of the ('T(' cytolysin is identical to that of tie 

rf 	 d b Ii 5a l n .s in Ah6 4. 221. 
Thus p 

ThIi u., aItI h thie primary sequences ofaerolsin produced 
by differeit ,.cronaona species are considerabl differelt, 
the three properties of' henolysis. cytotoxicity. anid entero-
toxicit\ have been conserved. 

The' resencc of' tle aerolysi i genie iii vi rtuta lly all lra-


lltol.v"spe.es stggests that thle hnmolvtic/cy'tolvtic activity 

is a priinitive trait ir tie genus A,'vroona.' an l has been re-

tained in tie course of evolntionary eventIs that generated 

ge noinic diversity of other characteristics. \lternativelv. this 

widespread distributiotti be explained by aultiple epi-

sodes of horizontal transfi r and recombinatiiln iti many 

toxin-dcticient strains. I lowever. there is no e\'idcnce to date 

that s .g:-eststhat the cene call be traalslt.'rred bv bacterio-
piage lyso-nic coi \ersion or plasmid- or transposolin-ie-

diated processes. The dacction ofallelic variant strains dif 

fetring in nucleotide and amino acid seqtuences suggests that 

the avrA gene is ewlutionally old. 


Ill conclusion, tie data presented herein describe tile con-


struction ol1a gene probe ft r strains o' erm aoas species and 

a species-specific probe fbr .f. 'om species nova. Our results 

point to a wide distribution ol' the aerolysin gene within tile 


olnnserwonelll . In1 addition. div'ergence iln tile primary se-

quence of both published sequences andIle restriction flg-
I1ent letgIh ploiv1t arphi sill withlin tile acro \sin crae deter-

I--ttl~a zclil etfrminaut of' the definition strains suggest that a i y oflithai genthes deaiiththi sa tat -;"ha nus is simh t 
acrtin ti t 1 
observed for SiliMi toxin and the various classes of Shia-like 

toxins 131] as well as tose fIr cholera toxin [32, 33]. Our 
results suggest that i judicious coice of*oligon1clcotidepratbercpea 
probes coupled together wvith inl vitro D)NA aipliicationtechniques may be a rapid way of revealing the scope of di-
versitV of this important virulence factor in this genlus. 

We conchlde that the aerolysin getie is tanitle to tile gents 
,,f ertnma s and is present inl all knii 1 plenospecics. In ad-

picoseces dtionisI lo%1 Indition. tile utr(' gene appears to be conserved in ianaid re-

stricled to a snal! subset 'f,'iomota.t sttilrs. ,A. II'ola, mo0st 

ol' which are associated with gaslrointestinal 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 
geographicalregions and originiating from various sources, 
wete evaluated for the ability to produce elasiase by using a 
bilayer elastin agar inedium (BEAM) plate assay. The degree 
of c!astase activity of individual strains was roughly assessed 
by mneasuring the clear area beneath or peripheral to the colony 
aid recorded as I + , 2 + , or 3+ . Of the 166 wcromonads 
tested, 53 (32%) were found to produce elastase, of which 26 
(49%) were 3 + , 2; (40'/,) were 2+ , and 6 (11%) Were 1+. 
All but one A. hydrophi!a (in= 45) were observed to pro-
duce clastase (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-
seph et al., 1979; von Graevenitz 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, 
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well as one isolate of Aeromonas group 501 were elastase 
positive. All 3 + elastoh/tic ,ctivity was associated with A. 
hydrophila onlil. Elastase activity was not detected even after 
prolonged incubation with A. veronii biogro:, sobria (n 
26), A. caviae (n - 57). A. veronii bio_,roup veronii (n = 
4), A. media (n 1), and A. eucrenophila (n = 1). In 
addition to its value as treliable indicalor of elastase produc­
tion for eventual use in virulence assays, tee have f]ndiil that 
the detection of elastase using the BEAM plate ,erves as a 
very use/ul phenotypic ini.ker for the major, clinically itnpor­
tant Aeromonas spp. 

lecithinases, nucleases, and amylases, are produced 
by Aeronionas, but their roles in the pathogenesis of
aeromonad infections require further assessment. 
Recent studies involving a number of pathogenic 
microorganisms have indicated that elastase activity 
(the ability to degrade the native elastin molecule) 
may be an important virulence factor in relation to 
disease-producing potential (J-Isu et al., 1981; Ko­
thary et al., 1984; Janda, 19E6; 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 Aeromionas­

associated gastroenteritis as the most prevalent form 
of aeromonad disease (Jarida and Duffey, 1988). Most 
aeromonad infections appear to be the result of col­

onization due to contact with polluted water follow­
ing traumatic iinjury. Once established, aeromonad 
infection can spread throughout and penetrate deeper 
into the wound site, causing an increase in severity.
 

© 1992 Elsevier Science Publishing Co., Inc.
655 Avenue of the Americas, New York, NY 10010 Elastase from aeromonads, similar to other bacteria
0732-8893/92/$5.00 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 tile 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 vere collected from 
several 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 Aerontonas group 501 and two ATCC refer-

ence strains, A. media (ATCC 33907) and A. sobria 
(ATCC 9071) [now considered A. veronii biogroup 

sobria Uoseph et al., 1991)1. Also, Pseudomonas aeru­
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 0C 
in tryptic soy broth with 10% glycerol (Difco Labo-
ratories, Detroit, MI) and subcultured to tryptic soy 
agar plates (Difco) followed by overnight incubation 
at 360 ± 1°C prior to inoculation to elastin agar me-
dium. 

Species Identification 

The strains were biotyped to the species level by a 

numerical taxonomy cluster analysis probram, 
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 aeromon-
ads (n = 154) consisted of 46 A. hydrophila, 26 A. 
veronii biogroup sobria[previously designated A. sob-
ria (oseph et al., 1991)1, 57 A. caviae, one A. miedia, 

J.A.K. Hasan et al. 

four A. veronii biogroup rt'ronii [previously desig­
nated A. veronii Uoseph et al., 1991)], three A. schb­
ertii, one A. eucrenophila, four A. jandaei (Carnahan 
et al., 1991a), nine A. trota (Carnahan et al., 1991b), 
one Zieronmonas group 501, and one Aeromonas spe­
cics, enteric group 77 (ornithine + ). Aerononas 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 inconsistent when com­
pared with the typical strains. There were five atyp­
ical A. hydrophila-likestrains, three atypical A. caviae­
like, and three atypical A. veronii bi..group sobria-like 
(Table 1). 

Media for Elastase Production 

The ability of selected strains such as P. aerugimwsa 

(PA 01 and PA 103), A. hydrophila (ATCC 7966 r, NMRI 
5, and NMRI 7), A veronii biogroup soliti (ATCC
9071), and A. ,1viat (ATCC 15468') to produce elas­

tase in a variety of different media was investigated 
initially. The commercially available preparation of 

porcine panireatic 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 2.37(. 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 Size 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 Aeronionas spp. Using the Bilayer 
Elastin Agar Medium (BEAM) Plate" 

Degree of Elastase Activity" 
No. Isolates No. Elastase 

Organism Tested 

A.hydrophila 46 
A. veronii biogroup 26 

sobria 
A. sobria (CIP 1 

7433') 
A. caviae 57 
A. media 1 
A. veronii biogroup 4 

veronii 
A.schubertii 3 
A. eucrenophila 1 
A. jandaei 4 
A. trota 9 
A. group 501 1 
A. species, enteric 1 

group 77 
(ornithine +) 

Atypical,' A. 5 
hydrophila-like 

Atypical, A. veronii 4 
biogroup 

sobria like 
Atypical, A. caviae- 3 

like 

Total 166 

Positive (%) +++ (%. + + + (%) 

45(98) 26(58) 17(38) 2(4) 
0(0) 

1(100) 

0(0) 
0(0) 
0(0) 

1(33) 
0(0) 
0(0) 
0(0) 
1(100) 
0(0) 

4(80) 


0(0) 

1(33) 

1(100) 

1(100) 

1(100) 

3(75) 1(25)
 

1(100) 

53(32) 26(49) 21(40) 6(11)
 

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

b+ = zone of clearing directly beneath the colony; + + = clearing 2-5 mm beyond the edge of
 
the colony; and + + + = clearing more than 5 mm beyond 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 0.3c% (wt!vol) elastin. 
They were then incubated Linder several sets of con-
ditions: either 4 days at 36' ± V0C, 4 days at room 
temperature, or for 2 days at 36 ° ± I°C followed by 
2 days at room temperature. 

Then, 166 Aeromonas strains and P.aeruginosa 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 4C. 

Detection 	of Elastase Production 

Each inoculated BEAM plate was visuaily examined 
daily (24-hr intervals) for evidence of positive elas­



204 

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 I to 2-mm larger zone) than plates 
in which the elastin was not ground. 

Production 

Of the three basal media compared (B[IlA, CAB con-
taining 2.3% peptone, and CAB with additional 2.7'7( 
peptone (total 51/( peptone), supplemented with either 
117 (wt/vol) or 0.3% (wvt/ol) ground elastin, the CAB 
containing 2.3(7, peptone incorporating 0.3(7 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 360 _ V°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 Bilayer 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 aero nonads screened in duplicate, 53 
(3214) were obseived to produce elastase activity. Of 
these 53 positive strains, 26 (49%) were considered 
3+, 21 (407%) were 2 +, and only six (1YX) were 1 +. 
All but one A. liydrophila (98% ) and the single Aero-
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nonas group 501 were positive. The only species or 
group that produced 3 + elastolytic activity was A. 
hydrophila. Only one of three A. schiutlertii strains was 
positive (1+). Elastase activity was not detected in 
any of the isolates of A. veronii (biogroups sobria and 
veronii), A. caviae, A. jandaci, 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 completely reproducible, and no signif­
icant variation was observed from run to run in terms 
of degree of elastase activity of aeromonads on the 
BEAM plate (TFable 1). 

Distribution of Elastase-Positive Stra'ns 

The 53 elastase-positive strains were recovered from 
a variety of sources: clinical (it = 37), veterinary (n 
= 5), environmental (n = 7), and ATCC/CDC (a = 
4). They were likewise diversely distributed as to 
their geographic source of isolation: USA (a = 35),
Bangladesh (n = 4), The Sudan (a = 2), Somalia (i 
= 3), Egypt (ir = 4), Puerto Rico (it = 1), and 

ATCC/CDC (a = 4). The single elastase-negative A. 
hydrophila strain was a diarrheal isolate from Dhaka, 
Bangladesh. No association has been observed be­
tween the elastase-positive aeromonads 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 attcation 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 positive elastase activity. Cultures on such plates 
usually required prolonged incubation (7-10 days) 
before dissolution of particles beneath or peripheral 
to colony grovwth 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 2.317 peptone as our base layer. When 
compared with BIHA having only 1'7 peptone, CAB 
appeared to produce faster and stronger enzymatic 
activity. This suggests that production of elastase in 
aeromonads may be media dependent in similar 
fashion to staphylococci (Janda, 1986). 1lowever, use 
of CAB, with 2.717 peptone added, resulted in a final 
concentration of 57 , 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 tile 
elastin substratc 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 4314 to a maximum of 4 days required to record 
any and all 3 +, 2 +, and I + reactions on the BEAM 
plate. 

Of the 166 Aerotnonas spp. tested, only A. hydro-
plila (45 of 46) was almost exclusively positive (9817),
confirming previously published reports Oanda, 1985; 
Lee, 1987; Ljungh 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. hydro-
plia may be more severe. Itowever, 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 elastase activity was not detected in any 
of the 26 A. veroinji 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. .olbria was the so-
called type strain (CIP7433), which is rot represen-
tative of clinical A. veronii biogroup sobria thus far 
isolated (Lee 1987; Joseph et al., 1991). All 57 typical 
A. caviae isolates were negative for elastase activity, 
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I. Taxonomy, ecolog;, isolation and identification 

,-eromonastaxonomy 

S.W.Jos.eph. R. R. Colwell and M.T. \IacDonell" 

Department ol .1ficrobiology. Universit ' of .1aryla.d, College Park (Maryland 20742. USA) 

Key iwordL. .4'r!',ronas: taxonomy. 

The taxonom% of the aeromonads has been the subject of scru-
tiny and rclasfication by sescral insestigators in an attempt to 
clarily the posirion of this group of organisms and their relation-
ship to similarly described but obviously separate genera. 
Recommendat:ons ha. e varied from recognition of one genus 
comprising thre species to the proposal of a complex subspecia-
tion - ".Other than the obsious need for accurate nomenclature 
and classification. there are pragmatic reasons to seek improve-
ment in the classific-ation of .- erotnonas. e.g.. in clinical medicine, 
where ph sic.ans tend to refer to all aeromonads as .4erononas 
Idrophila and- :n fact, most of the early medical literature 
con:ernine . -,m,as usLd this nomenclature only. We now 
know such simrh.nfcation to be_unrealistic in light of Popoff and 
V, ron's contr-.budons'. which showed that .4.Ihdrophdla and 
.-I.Punctaaconstitute a sinpJc species. 4./it'drophila.A second, 
presiously undescnt:ed group of strains "as also described and 
named .4.sobr-a. The human medical siinificance of .-. sobria 
was demonstrated 'Ahen it was isolated from a scuba diver's 
wound infcction:. and in a study of the comparatise occurrence 
and virulence of .4.hsdrophilaand .4.sobria from human and 

2ensironmental scurcs . 
The species on ,khicb there is agreement is 4.salmonicida. It 
differs from other acromonads as follows: non-motile, no 
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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 salnonicida, achrnme) genes. and 
masoucida. 
Based upon diflerential. phenotypic. and genetic characteristics, 
Popoff and Vron recommended establishment of a third spe­
cies. .cariae. which is included amongst the motile aeromo­
nads'. In summary. five species and three sub-species of .4ero­
notiaOs are recognized at the time of this writing. 

Definition 
Aerornonas consists of straight cells, rod-shaped and with 
rounded ends to coccoid. Resting stages are not known. Gen­
erally motile by a single flagellum. Some species are non-motile. 
Metabolism of gucose is both respiratory and fermentative. 
Oxidase positive and resistant to the sibrioslatic agent 
2,4.diamino-6,7-diisopropylpteridine (01 129). The mol % G + C 
ofthe DNA is 57-63 (Bd,TJ 

Minimal identifying and differential characters 
The common characteristics which define the motile aeromo­
nads are possession of motility. morphology, growth in nutrient 
broth at 37'C. indole production, fermentation of sucrose and 

•Overhead 	 view of a four-dimensional 
plot of evolutionary relationships 

species of the gamma subdivi­
.. 
sion of the Rhodobactcia In this 

projection, principal components Iand 2 
are given by the X and Y axes, respec­
dicated through the use ofsymbol. Prin 
tipel cmpoent is isrni...the Zann, 

-0. 	 in this projection. 
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mannitol, breakdo%,n of inositol. and oxidase activity (table HI. hi,2hly related to the tIpe strain of 4.hidrop/i/a 1700o or
Differential characteristics for the motile tcrononads include greater. Similarlh, the t.pe .train of .4. ,'bra%%ashighly related 
esculin h'drol%,is. gro,,th in KCN broth. L-hisiidine and L-ar- to only t%%o other strains. iugesting that many strains of the 
Linine utilization. L-arabinose utilization. fermentation of sali- motile. mesophilic group of lerotoina. belong to ;p:ies other
cin. gas from glacose. arid 11.S from c)steine (table 2). than A. hvdrophila, .4.sohrio. and A.' aiae. There appear to be 

nine to t%,%eledifferent DNA h',bridization groulis. 
D.V 4..t ahrses 
DNA h',bridization -tudies have veriled the distinction of the 5S RNi leqoence anlti'is
 
three spcies. .4. irdrophila..4. sobria and .4. caviae. Within these 
 Results of 5S RNA sequence anal. sis sho%,,ed that .eromonas 
species there are at least se%en DNA hybridization groups, three spp. should be included in a family. Aeromonadaceae, separate
in A.htdrfpphila. t',',o in A.cariae, and at least t',%o in A.sohria. from the Enterobacteriaceac and the Vibrionaceae'. Molecular 
Thus far these DNA-related new groups have not been distin- genetic information compiled to date. inc!uding results of 16S 
guished phenot pically one from the other. ribosomal ribonucleic acid cataloeing-and 5S ribosomal ribonu-
Similarl.. Farmer et al.. using DNA h)bridization Ih.droxv- cleic acid sequence analyses. suggest that .4eromonas demon­
apatite. ::P. 60C). found only 5 of 60 .eromonas strains to be 	 strate an evolutionary divergence which is significantly at ,ari­

ance with that of other members of the Vibrionaceac'. An indi­
cation of the phylogenetic diversity among -ibrios.aeromonads,

Table I. identiing characteristics for motile aeromonads and enterics can be gleaned from the ligure.
Catalase--
Oxtidase
 
Motility R 
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Plesiomonas:Taxonomy, classification and enterotoxin production 

R. Colwell*. M.T. MacDonell. M. O'Brien and M. Tamplin 

Department oj'.ficrobiology, L'niversitvof .Maryland College Park (Maryland 20742. USA) 

Key words. Plesiomonas taxonomy; Plesiomonas classification; Plesiomons enterotoxin; Aeromonas, Pleiiomonas. 

Encountered in clinical specimens and the natural environment, the Vibrionaceae. The closest relationship amongst the genera of 
Plesiomonar shigelloides has been implicated as a potential diar- the Enterobacteriaceae for P. shigelloides is with Proteus mira­
rheal agent in man, but has been overshadowed in importance bili -" . Furthermore, a serological relationship between P.shi­
by related bacteria in the genera Aeromonas and Vibrio, resulting gelloides and Shigella has been reported'. To clarify the taxo­
in its neglect. Consequently, a good deal of uncertainty remains nomy of P. shigelloides. phenotypic characterization was carried 
with regard to the taxonomy, ecology and pathogenicity of this out. emphasizing extracellular enzyme profiles. Several investi­
member of the family Vibrionaceae. In fact. recent phylogenctic gators have reported production of entcrotoxin(s) by P.shigel­

'data. based on 5S rRNA sequencing, suggmt a closer rlation- Ioides . Enterotoxin of P.shigelloides is not believed to be 
ship of P.shigelloides with the Enterobacteriaceae rather than related im~nunologically to cholera toxin (CT1). We have deter­

/
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BACTERIOLOGY 

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 (.;trips 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 (aminopeptides), 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), 
n~nanoate (C9), and caprate (C10) substrates. Only a limited number of carbohydrate substrates 
were hydrolyzed; strong N-acetyl-5-D-glucosaminidase activity was given by all strains. Both 
A. hydrophila and A. caviae gave strong P-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 identification and differentiation of these species. The 
API enzyme assays yielded rapid (4 hr) iesults. 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, Ilickman-Brenner et 
al. (1987, 1988) proposed two new species, Aeromonas veronii, and Aeromonas 
Group 501, indicating continuing interest in t.e 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 Zhat study

provided useful taxonomic and virulence markers. However, most important is the
 
need to improve the accuracy of identification of Aeromonas spp. associated with
 
disease. It is expected that new species, biotypes, and serovars of Aeromonos 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 API 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 METHODS 

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 protocol of Popoff RESUL 
and Veron (1976). 

Culture Conditions 

All test strains were grown on Tryptic soy agar (TSA) (Difco) for 24-48 hr at 370C.
 
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
 
API "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-p1 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.
 

Readingand 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
 

A
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Enzyme Characterization of Aeromonas 

recorded as 0 (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 theresults 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 BlueBB (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 o!3) to 
strongly positive (4 or 5), according to the API 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 
were also included. Relative enzyme activity for all of the strains (and their replicates)
tested against each of the 89 substrato3 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 = 2.5 or 0/1 = 0.5). 
Relative activity (RA) was defined as the totai numerical value of each replicateot each strain of each species divided by the total number of replicates of strainstested 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 API 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 includingarylamidases, esterases, and carbohydrate hydrolases. API Peptidase,API Esterase, and API "Osidase" are recent developments that augment API 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 allthree species were remarkably uniform in their reactivities. Nineteen (32%) of the
59 arylamidase substrates were hydrolyzed by all three Aeromonos species examined 
(Table 7). A. caviae was slightly more active than either A. hydrophilo or A. sobuia. 
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 (R\ = 4.00-5.00) activity was demonstrated by all three species forL-lysine ARA, L-hydroxyproline ARA, L-arginine ARA, L-alanine ARA, L-proline
ARA, and 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-4-methoxy arylamides. All three species showed only very weak (RA = <1.00)activity for several arylamide substrates (Tables 1-6). 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: T-gluta­
myltransferase, glycyl-phenylalanine ARA, L-alanyl-L-phenylalanyl.L-proline ARA,
L-alanyl-L-pheni'ialanyl.L-prolyl-L-alanine ARA, a-L-aspartyl-L-alanine ARA, L­
phenylalanyl-L-arginine ARA, and N-CBZ-glycy!-glycyl-L-arginine ARA.Results of the Ai Esterase test for Aeromonas spp. examined In this study aregiven in Table 8. Esterase activity was strongest for caproate (C), caprylate.(C8), 
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°TABLE 1. Results for API Peptidase 1 for A. hydrophila,A. sobria, and A. caviae 

Arylamidase A. hydrophila 
enzymec ( 1 4 )d 

1 1.36 
2 0.07 
3 1.71 
4 4.36 
5 4.25 
6 1.68 
7 2.89 
8 1.50 
9 4.68 

10 4.50 

Relative activityb 

A. sobrir 
(10) 

1.50 
0.20 
1.90 
4.50 
4.40 
1.95 
3.00 
1.10 
4.30 
4.40 

A. caviae 
(8) 

1.38 
0.13 
1.88 
4.19 
4.81 
1.63 
2.81 
1.25 
4.88 
4.56 

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

­

cl, L-tyrosine arylamidase ARA; 2. L-pyrrolldone ARA; 3, L-phenylalanlne ARA; 4, L-lysine ARA; 5, L­
hydroxyproline- ARA; 6, L-histidine ARA; 7, glycine ARA; a, L-aspartate ARA; 9, L-arginine ARA; 10, L­
alanlne ARA. 

dTotal number of repl!cates tested. 

nonanoate (C9), and caprate (M1). RA activity was variable. In general, A. hydrophila 
and A. caviae 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. sobria, and A. caviae 

Relative activityb 

Arylamidase A. hydrophila A. sobria A. caviae 
enzymec (1 7 )d (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. hydr'iphila(n - 7). A. sobria (n = 5), A. caviae (n = 4). 
bRelative 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 - 5.00).

61, "y-glutamyltransferase; 2, N-benzoyl-leucine ARA; 3, S-benzyl-cysteine ARA; 4. methionine ARA; 5,
glycyl-glycrine ARA; 6, glycyl-phenylaanine ARA; 7, glycyl-proline ARA; 8, leucyl-glycine ARA; 9, L-seryl­
tyrosine ARA; 10, Control, negative. 

dTotal number of replicates tested. 
*NR, no reiult because uninoculated buffer control gave an RA value of 2.00 or more. 
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TABLE 3. Resultso for API Peptidase 3 for A. hydrophila.A. sobria, and A. caviae 

Relative activityb 

Arylamidase A. hydrophila A. sobria A. caviae 
enzyme' ( 1 6)d (12) (88) 

1 
2 

0.19 
2.53 

0.17 
3.00 

0.19 
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. hydrophili (n - 71, A. sobria (n - 5), A. caviae (n= 4). 
61Relative activity (RA) was defined as the total numerical value of each replicate if each strain of each 

species divided by the total number of replicates of strains tested for each species (Mi..num RA value ­
0.00; maximum RA value = 5.00). 

11,N-CBZ-arginine-4-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-giycyl-glycyl-arginine ARA. 

dTotal number of replicates tested. 

monas species using API "Osidase." The "Osidase" enzymes examined were P-D­phospho-p-D-galactosidase, a-D-glucosidase, P-D-glucosidase, a-mal­
tosidase, N-acetyl-p-D-glucosaminidase, a-D-fucosidase, p-D-lactosidase, L-D-galac­
tosidase, a-L-arabinosidase, P-D-gal acturonohydrolase, p-D-glucuronidase, -malto­sidase, N-acetyl-a-D-glucosaminidase, a-L fucosidase, P-D-fucosidase, a-D­
mannosidase, i-D-mannosidase, c.-D-xylosidase, and P-D-xylosidase. Only a limited 

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

Relative activityb 

Arylamidase A. hydrophila A. sobria A. caviae 
enzymer (12)d (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 
8 0.04 0.00 0.21
9 0.71 0.50 0.57 

10 3.88 4.00 4.00 

'Number of strains tested (n - 16): A. hydrophila (n- 7). A. sobria (n - 5), A. coviae (n = 4).bRelative 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 - 5.00). 

el.13-alanine ARA; 2, L-alanyl-L-arginine ARA; 3, L-alanyl-L-phenylalanyl-L.proline ARA: 4. L-alanyl-L­
phonylalanyl-L-prolyI.L-alanine ARA; 5. L-arginyl.L.arginine ARA; 0, 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. Resultso for API Peptidase 5 for A. hydrophila,A. sobria, and A. caviae 

Relative activitybArylamidase A. hydrophila A. sobriaenzymec A. caviae(12)d 
(8) (7) 

12 3.33
0.00 2.75 2.790.003 0.000.00 0.004 0.001.42 1.385 1.074.50 4.636 4.070.92 0.867 0.794.38 3.818 3.293.42 2.949 2.502.75 1.3110 2.14 

Number of strains tested (n 
NR NR 

NRO 
- 16): A. hydrophiln fn - 7) A. sobria (nbRlative activity (RA) was defined 

5), A. cavba (n 4).as the totul numerical value of each replicate of each strain of eachspecies divided by the total r.aLmber of replicates of strains tested for each species (Minimum RA value0.00; maximum RA value - 5.00).'I. glycyl-L-arginine ARA; 2, glycyl-L-tryptophne ARA; 3, Lhstidyl-L-leucyl.L-histdne ARA;
histidyl-L-serine ARA; 5, L-leucyl.L---a.ane ARA; 6, L.le.ucYlLleucyl'L-valyl.L-tyrosyl.L-serine 4, L. 

A.RA; 7, L­
lysyl-L-alanine ARA; 8, L-lysyl-lysine ARA: 9, L-phenylalanyl-L-argnine ARA; 10, L-phenylalanyl...proline
ARA.
 

'Total 
number of replicates tested."NR, no result because uninoculated buffer control gave an RA value of 1.8 or greater. 

number of carbohydrate substrates were hydrolyzed. Strongest (RA = >2.00) enzymeacdvity was given by all strains examined for N-acetyl-O-D-glucosaminidase. BothA. hydrophila and A. caviae gave strong O-D-glucosidase reactions, while A. sobriaappeared to be negative for this enzyme. These particular findings, as well as resultsfor API Esterase and API "Osidase", are in good agreement with those of Janda's API 

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

Relative activitybArylanudase A. hydrophila A. sobriaenzymnec A. caviae(12)d (8) (7)
1 1.50 

1.632 1.002.75 
3.003 4.211.25 
1.694 1.571.96 1.755 1.430.00 
0.006 0.000.00 
0.067 0.003.21 
1.94

8 4.071.83 

9 
 1.06 1.50 

10 
0.13 

0.31 0.290.46 
0.63 

INurber of strains tested (n 
0.14
 

bRelative activity (RA) was 
16): A. hydrophilain
defined as the total - 7). A. sobria (n - 5), A. covioe (n = 4).numerical value of each replicate of each strain of eachspecies divided by the total number of replicates of strains tested for each species (Minimum RA value

0.00; maximum RA value -c1, L'phenylalanyl.L-prolyl.Laanne- 5.00). ARA- 2L'vrAyl-L-tyrosyl.L-serine L-prolyl.L-argjnne ARA; 3, L-"ehel.L-methoae ARA; 4.ARA- 5 N-berzoyl.-.aiine.-4methbox7, N4.glycyl-glycyl..- ARA; 6. NCB-ergyl--%methoxy ARA;, .ARA;8, N-acetyl-glycyl,.,ie ARA; 9.,L-stdy-Lphenylalanine ARA;10, L-lysyl--serine-4.methoxy ARA.

'Total number of replic~tes tested.
 



201 
M. Carnahan et al. 

)rio, and A. caviae 

A. caviae 

(7) 

2.79 
0.00 
0.00 
1.07 
4.07 
0.79 

3.29 
2.50 
2.14 
NR 

covioe (n - 4). 
,of each strain of eachWnimum RA value ­

.-histidine ARA; 4. L-
syl-L-serine ARA; 7. L-

"phenylalanyl-L-prolne 

-eater. 

S>2.00) cnzyme 
)saminidase. Both 
.s, while A. sobria 

, as well as results 
,,se of janda's API 

ic, and A. covice 

A. COVioe 

(7) 

1.00 
4.21 
1.57 
1.43 
0.00 
0.00 
4.07 
1.50 
0.29 
0.14 

oviaJ(nt 4).Oof each srain of each
[nimurn RA value ­

-methionin ARA; 4. 
-phenylalninethxy ARA: 

Enzyme Characterization of Aeromonas 

TABLE 7. Summaryc of Results of Arylamidase Activities for the Aeromonas Strains Used 

in the Study 

No. No. (%)positive 

oCalclated from Tables 1-6. A result of grade 2 or more was considered positive. 

peptides Allb 
Peptide 
Single 
Di-
Tri-
Tetra-
Penta-

tested 
26 
25 
6 
1 
1 

A. hydrophilo 
8 (31) 

11 (44) 
3 (50) 
1 (100) 
0 (0) 

A. sobria 
8 (31) 

11(44) 
1 (17) 
0 (0) 
0 (0) 

A. cavioe 
10 39) 
12 (48) 
3 (50) 
0 (0) 
0 (0) 

Species 
8 (31) 

10 (40) 
1 (17) 
0 (0) 
0 (0) 

Total 59 23 (39) 20 (34) 25 (42) 19 (32) 

bpositive (grade 2 or morel against all three Aeromonas species. 

ZYM studies (anda, 1985). In particular, janda (1985) suggested that P3-D-glucosidase 

might be of significant value in species differentiation. Gray (1987), also using APIZYM, further recommended chymotrypsin, -glucuronidase and Bi-phosphohydro­lase, incubated at 30°C for 24 hr. The only other "Osidase" that showed some dif­
ferential ability was the -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 onlv controls gave consistently negative results in nearlyall replicate tests. Interestingly, two substrates, glycyl-proline arylamide (API Pep­tidase 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 

TABLE8. Results' for API Esterase for A. hydrophila,A. sobria, and A. caviae 
Relative activityc

E *erase A. hydrophilo A. sobria A. caviae 
enzymed (12)- (6) (4) 

1 0.63 0.67 0.63
2 2.29 1.50 1.88
3 3.75 1.88 3.63
4 4.57 1.00 4.75
5 4.54 2.60 4.25
6 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 
v n some replicate testq, a grade of 1 or more wasonly recorded for the corresponding uninoculated (buffercontrol. Results for these 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. cavioe (n- - 2).Relative activity (RA) was defined as the total numerical value of eash replcate of each strain of each 

species divided by the total number of replicates of strains tested for each species (Minimum RA value0.00; maximu-m RA value -
= 5.00).

". butyrate (C4) esterase EST; 2. valerate (C5) EST; 3, caproatn (CBl EST; 4, caprylate (C8 EST; 5.noanoate (C9) EST; 6, caprte (CIO) EST: 7, laurate (C12) EST; 8, myristate (C14) EST; 9, palmitate (Cie)EST; 10, stearate (CIO; EST.'Total number of replicates tested. 
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TABLE 9. Resultso for API "Osidase" for A. hydrophila,A. sobria, and A. caviae 

Relative activityb 

A. hydrophila A. sobriaEnzymec A. caviae
(6 )d (4) (3)

1 2.17 1.50 3.002 0.00 0.003 0.170.17 0.00 0.004 2.25 0.00 3.005 0.08 0.00 0.506 2.92 3.00 3.007 0.00 0.00 1.338 0.17 000 1.009-20 0.00 0.00
'Number of strains tested (n 0.00 

= 11): A. hydrophila (n = 5). A. sobrio (n - 3). A. coviae (n - 3).bRelative activity RA) was defined as the total numerical value of each replicate of each strain of eachspecies divided by the total number of replicates of strains tested for each species (Minimum RA values -0.00; maximum RA value - 3.00).a1, "Osidate" enzymes ­ 3D-galacto.idase; 2. phospho-P-D-galarc,.sidase; 3,a-D-gluco idase; 4, P-D­glucosidase; 5.a-maltosidase: 6, N-acetyl--D-glucosaminidase: 7. at-l-fucosidase; 8.P-D-lactosidase; 9, a­P-galactcsidase; 10, a-L-arabinosidase: 11, -D-galacturonohydralase;dase; 14. N-acetyl.a-D-glucosaminidase; 15, a-L-fucosidase; 16 
12, P-D-glucuronidase; 13. P-maltosi.

A-D-fucosidase: 17,a-D-mannosidase: 18, f­D-mannosidase; 19,a-D-xylosidase; 20,P-D.xylosidase.

dTotal number of replicates te-ted.
 

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


From the results presented here, the suggestion can 
be made that the enzymesexamined in this study be considered for inclusion in the panoply of tests employedfor the characterization and differentiation of Aerornorias spp. Obviously, furtherwork is required with a wide variety of species and a larger number of strains beforethe value of these tests for taxonomic purposes can be conclusively asctrtained. 

This study was done, in part, under Agency for International Development (AID) Grant No.:
DPE-5542-6-SS-7029-00. 
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Twenty clinical strains each of Aeromonas liydrophilt, Aeromonas caviae, and Acromonas sebria were 
evaluated fiortheir ,ihilities to oxidiie one or more of 95 carhon sources on a (;N Nlicroplate (BIOO(G, 
flayward, Calif.). Nine subslrates yielded good, discrininatory values for the three species tested. 'The panel 
appears Ilhe useful for the species identification of Aeromonas isolates originating from human malerial. 

The genus A'romomaA IlIs received increased attention 
from the medical commu nitv' s a suspectcd cause of hale-
rial gastroenteritis and as thle etiologic agent of number of 
additional infectious svndromes which include septicemia. 
cellulitis, and peritonitis (4). Within the genus at leist 11 
distinct species exist, as determincd by DNA hhridi/aion 
stutdies; of these 11 species. 7 have ta.IXou1noic standing in the 
literatture (6). Recent studies ha\ve indicated that a ma'jorily 
(75 to 93"';) of A'rononal isolates recovered Fron clinical 
material fall into hlvbridization groups I. 4. and 8; these 
hybridization groups correspond to the phcnot'picalIy iLIn-
liliable species of .-A. hydvrhohiha. A. caviae. and A..Soria. 
respectively (3. 6. Although these three phenolypic species 
can he identified by using a co entional baitery of eight or 
nmore biochemical tests,. Most comelcLialI idCntifictItion plll-
els for gram-negative organisms do no[ have the capablily 
for accurate species identification \%ithin thle gents loo-
UcAi..Instead, Imallnsuch systells chose to colleclivcly refer 
to the mesophilic acronolad grotup iseither A. hydrophit, 
the A. hydropliit complex. or A.-'roiti tmo'spp. Recently. 
new gram-negative microplate panel has been coimercially 
introduiced ((N Microplote: Ill Oi,. lHa\\ard. Calif.) 
which tests for the ability of bacteria to oxidi/e one tu more 

soIIIce,, ilinthepreencfile of itOf195 cartion of 5 crbo sorcepresence redo\ indticiaorofa rdoxiiificrtc 
(tetratlitill dye). We htve evaltlatedt this system ' 
potentially tiseful tool in the species identification tt'A 

Mi isolates r~e lcredir lclinical m atcrial. 
Sixty Acromuo a.%siains (. h ldrophih. t - 20: A. 

Nobria. it -- 20: aind A. caiac. it 21) recovered front 
clinical material \ cre evaltdied in this study, three t.pe or 
reference siraits Inamuely. z4. hvdn'ldila XI{C 7966'. -1. 
r b A l( 9(171. and .. tim, AT. ("C s. .ncria 74681 
additionally in"lude ensue an dit rabdo iniaTn M rato 
reitd Ici.iit d It) ll lr% - lllr Tr\t~lIay.lu r i nt i1overnigtlrep1oducibility, Fhichl strain w grown overnighlus on Trypti-
case (351, Microbiology Systems 2-ockevsville. Md.) a 
agarat 35C after whlich tile18- to 2(1-li resatlil grosthOwas 
rcloved nd pectrophotine0.ically 'tiaacrdined (by opi-
cal dt~sity itt59() miI) inl(1.85; Nat('l tcciing to tie 
instrutiouns of the matintfactaer. Thuese standardized siis-
pensions wcrc thcn inocutlaIted into individual wells (I15-pIl 
voltnmes) of a 96-well (iN Microplate (includes one control 
well) by using a multichannel pipetter. Iinoctlated plates 
were then inctubaled for 18 to 20 Ii at 35( before being read. 

Of the 95 carbon substrates screened in this system, one or 
more of' the 601Arotma~ strains were able tr oxidie 66 

(69'; 1 tih ieWted comlpounlds. The 29 compounds which 
yielded unil'orml v negative r'Csunlts inclteLld alonitol, i-cryth­
ritol. I -ftlcose. M-inositol. maltose. i)-nmclibiose, i)-raffinose, 
\\ litol. D-galactonic acid aictone. I-glucosaMinic acid, D­
gltcuronic acid. Q-hrOXvhtiXytblric acid. li-hydroxVphenyl­
acetic acid, ilaconic acid. ot-kcobttyric acid. o-ketoglutaric 
acid. oi-ketovalcric acid. malonic acid, quinic acid. r-sac­
charic acid. scbaciL' acid. glhcuronalntide. hydroxy-i -pro­
line. I -pI'.'I\'lkIklire. I-pyltghltalIic acid. DI -carnitine, 
phenyiethylan. 2-iinoct lhianol. and 2.3-butlneldiol. In a 
similar f'ashion, I(other carbol sutblstrales were positive For 
all 6(1 strains. including dextrin glycogen. Y-acetvlglucos­
amine, ID-frtcltose. k-,)-gllucose. l)-ilinnitol. [3-lllylgico­
siLC, stliCrose, I-trehaOse. an1d I -aSpitara inC. 

(f the remaining 57 carbion stibsirates. 14 coinpotilds 
were positive 9(Y; of the time or more with the 60 mesophilic 
ilelonalI. ; eviluated: IhCSC comnlpoutllnds ilLCded Tween 
41) ind 80, I)-galactose. i)-flinnosc. methyl pyrtvate, D­
gltlconic acid. sliccinic acid. I-aspartic acid. I -glutamlfic acid. 
glycy l--asparlic acid. I-serine, inosinc, glycerol, and i 

glvccrol-phosptate oxition. T\\elye other compounds 
scyre positive at a freuency ranging bet wcen 1 and 1t0'. and 

included -cvclodestriIl. i-alabitol. I-rhanilose, turallose. 
citiric ;acid. formic ;acid. o- and [3-hytlroxybul\yric acid, pro­
p acid. I0-Itlicl . 0- ;Ii l vra ac id l d p r o 
piOliC acid. i -Lecine. o-Miinnbutyric acid, and Pitescine. 
The remaining 30 carbon sourccs that displayed variablepo,iiity rates i(betwecn 10 and 90' II \were furtlher evaluated 

for their polential uscflness in phleotypicullh ditingtiishing 
letwe the three ,4cnooona.v species tested. Nine sub­

straltes wFerc unquestiionably follnd to have signilicMnt dis­
mn~tr s~li 

crininatoly valc in species ident ilicalion and airc listed in 
Tahlc 1:of these nine substrAtes, scven (excluding I -arabi­
nose and cellobiose) have not prcviousl'y been identified asUseful biochemical markers (1.5. 7). In addition. althiaugh 
9(t' of telisrains sti ed were positive for the oxidation of 
D-MnIt1n c.all ianiose-negative strains (it- 6) were iden­
tilied itS A. oiavte. another property previotusly found to be 
usefnl illother .11cromom identilicalion schemes 15). The 
remaining 21 carboll suibstIites exhibiting variable positivity 
rales overail (10 to 9W(',) ic listedt in Ta le 2: within this 
lattcr group only lactose and I-hi tlilne have previottsly 
icc reported to have discriminatory val ue in Aeromwa.v 

speciesIhe resultsidelrtilisatidn 5. 7).0f this s1,study sunggest that thre IlII1()1+(i N 
Microplate panel may be usieul for species identilication 

within tihe getls Aeronuonat..o iltlough this systemn is cur-
Corresponding atilhor, rcntlly not approvcd for clinical use. On the basis of the 
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u.%
TAL., 1. Plhenotypic properties, usel't in ,t'romona tirely different. and each test mav not prodtice equivalent
,peCies identiticatito results. Intra- nllinterlaboritory reproducibilities of test 

'; like for mean valtues %%ere lotnd to ie 95 and 94.;,1),,.. results 
(arbon ss.iuee Irespect'vely: theliscrepancies rioted were invariably reac­

(heidll" A. hidl,ll ..ma' A,i,lia tions Mlich \ ere visully dillicult to determine as weak 

N-AcetxlIgalalosiiirine 41 
I-Ar:binose 0. 
Cellobiose 3. 
Gentobiose 17 
o-C;alacttronic acid 18 
if-Lactic acid 62 
Urocan ic acid 33 
(iticose- t-ptiosphateGiucose,.l-phos+phrate 08X67 ~ 
___________________ 67 

ia,~esoi 6O illn,~1A.lholslls.s-
- 20). 

results listed in Table 1. all (I A,'romonas strains could 
UliambigOl.y Ie placed ill their correct l\ollolric poi-
tions. Several carbon substrites (cellobiose. I -arabitiose. 
and lictose) incllded i lifhc (N panel ha~ e previously been 
found to be viluiible in species idelititicatioi. and corripalra-
ileresults %cie lso obtiitICdd illthis Stldx. ()lieSignilic.lil 

dil'erence rioted in this stud\ \%ias I -histidinie o\idltiOl. at 
test originally proposed b 'opoll'and V'ioI (7)tl li lsel'til 
illdeterllining the species stalus of individuil .Acroml s1l.iialorit. 
isolates. ()it results v.CrC less drilitic (lIablC 21 thlt those 
preioislv pulhishetllo: hsO\kecr, it should be riotedl Ihit 
although (lie sbstrll ltes are the areidentical, mlletliod, ell-

I 2 V c flCCl 

t ihlll ol --
Oli'L 

( 	clilr' 1. hi/sq liu I ,siuul, .u Ps/si 

Lactose 
l.aitilose 
ISictse 

lo-Sorbitol 
lonomelh I slilciritle 

Acolic acid 
is-,comitic id 
firl~on 'i llc 
i " aicidl 


s ccillilllicita 
., lininainitte 
r)-\nililul' 
I-Alilline 

I -Ala, I lgtcinc 
(il+ctl-I acid-gliluaillic 
I -Ilistiflre 
I -inilrine 
I -T'rolilre 
I)-Serilre 
I-'Ih'lleonille 

Uritline 
I'lh
nfit!ine 

Basedi't!t|; 0ti) 

2i)), 


l()O 5positives 	 negatives. The s.vsienlor has additionally incorpo­
80 100 15 rated o)-niannitol is icirbon sullstra1te,. which could flocili­
5 4 t10 tite tie identilicition 01,-.f M-1hU(TIrii if PleSClrt (2). Recent 
0 50t 0t sttldies conduic ted by .'\rduinoand colleagues at the Cenlitelrs 
0) 5., I 1 )isease (I. J. Ardihino, F. W. IHickman­rur ('ontrol 

95 +911 II lIrennr. and .1. J. Farmer Ill.Abstr. IM. Worlhop Oil 
Itt .11 II1 'lllolll o p. 37. 1988l have identified 4 19'0t' ai 'h' iomonla. 

100t 5 10Itll1llCl iochemical ch~iracterist ics correct ly identif 7b11 	 that canllltO 	 ClliC~liisIlilCtl O-C1 if~~tly 8i"; 
100 100 

24):A. fall". 20:A. sIM. 

27 
17 


88 

i8 
22 
47 
17 

87 

35 
l1 

37 
73 
83 
80t 
45 


12 
18 
85 
22 
87 
(a8 

20 55 $ 
10I 441 !! 
5 tS00 81 

210 5 15 
1 311 I 
10( 75 3)0 
S; 5 41 

95; 71 90l 

Il 40) 
ii 30 i 

1l0 75 S 
ill 85 8$ 

7) 90i 9ll 
(5 95 801 
55 50) iq 
. I II 
S 45 5 
495 70 910 
10 s$ 0 
75 100) 81 
45 i)I1 00t 

,. ind5ctlll h/aa it 2t) . till it'# 211.,| "i M. 

1'ofthle individuil A,T0 .Asstal'ilills
(atld cin partially iden­
tife an additional 14'; )t the correct )NA giouping \ithlithe
 
ild of a cotper identilication program. Although progress
 
his been made in the corlect tilwonomic igeniospecies) as­
signnlenl itof*A(TnrM0IonS ,traills through plierlot, pic charac­
tcri/atio. niuch \%ork remains : he aiccalliplislied. The
 
number of tests currently requi red to perlnm stlich
ana lysis
 
is prolhibitike. necessitaltes tilelse otF speciailized reagelts
 
and medii. and is nol directl\ applicable to the clinical
 
laIatloorv. lirtciliDre. ])N.\ hyltriti/ i grolips 4..
 
and 0. Muhich phelll.o resemble A.
picall Iaioc. cllllot a.It 
present be elsSiy, s,.paiated \%ith tis, e\p',idCd bioty'ping 
systemIC.We chose clinicll isolates Ior since ivistthis study 

otlsuch strains reide illonI Ithree distinct species 
Ihbridi'/ilio groups 1.4. alnd 81. ind eich corresponids to i 

particular idetlitiiable plellotype (L.h.vdiqlohi/a. A. ctut'. 
illldtA. %oi(). BcCaIse of the alpparclt suiccess o1" ihe 

present Study. it sc,ns possible that the I1l(1 .1)(i (;N panel 
llight be addiholaill, usetul ill the pheliotltpic characteri/a­
til ofr1elviroinienital stlaills Mere grealer celgecic diversity
ocetir. although the ci,\irer cost per panel l5.65i seems.s 
1rtlnreaz,,llsoak 	 use.hlih f,0r rolitille klhiorator 
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Recent studies hav'e resulted in the )roposal of a nesi species, A'ronttas .chuberiii (marlnitol, sucroise, and 
indole negative), formerly termed Enteric Group 501, on the hasis of the stu(d%,f seven strains kolaled from 
the southeastern alnl southwestern Inited States and Puerto Rico. We hame islated two phenotypically similar 
A. schuberdii strains from infected hunl wsounds sustained inthe Chesapeake Bay area. Their identification 
was confirmed by DNA-I)NA hvlrridizationl to the ('enters for I)isease ('onltrol lefinition strain 2446-81 (A'rCC 
43700) for group 12. The strains iere further exained for tilepresence of' virulencec-assochited markers: 
hemolysin, Ihenmagglitin ins, cI)totoxin produclion, aggllination in acrillasinete, resistance to normal human 
serun0, and iloagglultiltion pheliutye. Hoth strains were psifi for hemolt sin Ih the plate assai, ciltoxin 

iesere resistalit to man 
agglutination, and oinlys alitoagglhlinatlion piositie. Hot h strains %icrenegalie for cell-
Iproduclion at 1: 10, anid l)Nase aind protease. Tie il serum and nega lise for acrilla vine 

one of the strains %ss 
free hemolysiul, helnlagglutinins. peli nase, and chilinase. These isolations of 1..c/hubriii furhtter extend its 
previously lescrilted geogralphic distribution and reinfforce its role asa priniar%caiUsatii, agent of celltulitis with 
possile, increased antimicrotb ial resistance. 

',
The illroridI,:ittcihtnoris nimhilitilt O1 qlllatic glOop ,S:e.g .. , nnIoroAl+media H) is associated with group
 
en1viroInmlents langing rn 0 to V siilinil , 14). They arc 5A, AromornaN vronii (6) is asociae¢l wNith groUps 8 and 10
 
gellcrallk distingluished a, being glrrcose-ferrl-riting. fi;|1llril-(6. 15). and Aromooroi% irhilwrii (5) is,lssociitCd with
 
lively anaicrobic gritll-iegliix e rods Ill ill o"idtse posi- g lrrlp 12.
 

,
tic. t',Jialnt It( ) 129 1Vibif ,iostil).aind irotile b% ireill of liIe rmost leelt 0l these ploposed ire.. Specic, sie ,4. 
itpolar Ilagellill.IItie las It) .0e rtl ,P.1 "pp. lra\ Ir/tu/'r i(tanittol. ,streros. legatix t). form,erly. ACr.I ' i d indolc 

been illrplicited ailit tirec itive agetI ila \ialiel\ or hriulll lerlet Int,-'ric (Ilotlp 501. [he proposl,,i to rcogn'e A.
 
\\orrnd inreclioris ranging rnm clhitliti Itooteoti. elitis. S0hb1rrii i,baIed ol thestludy of ,exen strains isolated
 
Additioll . " g bett\\ sex\ (o tire tilsoirtiisteril mid s-otilrx I ta rro il'omiietitrl en eri fron e erI iried Stites,, illd 
.1,,,,,, ,,mi,pp. and gastroileriti hit'"been establi'ild IJilrto Rico (5). We hixe isoklted ind chiiaciri/.d t\\o 
(II).Iloxixer.until reccirtix llost "tudie, inoing .rco- phe.nt\picili\ sirmiliii ,A.%(Irubciiistrams from in ected 
mlt spp. '.,il of tIholugh l hi.lrtl htliirim \olillds sustained in [heirhi\e si'i anabsenc: pic tie ('lisalpeake Bay aiCa. 
confirnatioin to tile species lcxci. identiliction \,,,corliriretl h\i I)NA-l)NA hylvidi/itiou to 

In fhict. s ',striatic classificatio t of, A41.1'rlltt spp. hia tire ('etiers, f0r l)i-eCae Control defitnition sirilir tot group 12 
beel illii a state of, Il\ silc tire e irliest isolationrr \ .\ ('(4371 t . Irce stuin, ,iere lyet%ditiotr:rd .illtlil.d for 
Zinrmermarinn I 189) aid SmireIlli it 1891 (4). Itt 1976. IPopoll tile preete of potential x iririen.c-aseiiated traits. 
dild Vcll (20). Uiirg tile riretil d of rn rrlerical ta\orrlotll,. 
piopoe tie specie, .Acu,,oi h.\drl.,,il (\%ith bioxars'r NIATFtR..SI. AND MLTI'IIOS 
X a id ' '/ sp. . proposa;l ( 'aeIistori. IheI icM 0 stllils,of.1. s/r berii e\inlilled inX )nnl An or obluij Irox 11hi',
%\%it ~ I'W81 tile of lPopolfl d. %\ t ' -7,\+:+2i', ll\e ill Ilk, S.Itld\ i (21), itklll.lM 1) - 7a d ,.M'4, l|c

xiI sSib'.t~erilxxe~iits rd~ f 'ruoi ciai t2I . x Io tiris, stnd~k. AMC( I 1)5-X7 arid AMU 4196-87. x'.re isolated atrrsed I)NA-l)NA hortho\ tO sio. that tirrec si~e,..e'. \ere' Mm~hld Meditcl I ;or ,ur,. Inc. (1Balrtinre,. Md.). in 
d 1iqinlgtniSdlhtblC: (liirr.0risirnle; .i. lV.ul ilu ..., I blill,ophi iandarid ,Jlomllrrr (O~~lA. 111drp//li. I . rrgrit" 1987. lor legLxwtidtr'" if a 57-vcar-riOd rMile itMd Iturrro ,hrrtrrerl. tiltN. biqox ril >l./rrd ,lu/rihu). Ilox'.cecr." 

,i h 4 e-rl-old fe r.oe e\positesJ toit \ s slo - h oinrdf 1 e lll e n ,, tMlC .S irv nA l e re o i sp i I i,e ll i i o nmli cse d n ott d eei 
corriaired alleast Ixo ol llee lilillcl geIllt\pe olr biuIll- 1105-87 I, isolated irstire predorlillill orgullis (il Illixed 
i/atiolr grorips. Hris obsrxaiurr rrrdierted iclxllltn trc t ll obI'iint thir kere rr h t il hallI oderile grritl of' L /Mrtr il' 
additiorral ',pecie, int co lhi tlo be identified bh cirr ertnltcol. x rile tirr AM C 439057 ors striatd in pre 
mrretrods of' phetot pic srs. Irrul\ et I6. 1<.Irmmig d. 


aumntg. I. W . IIikrti l-lierrrci. .I.J.lIumic III. airdAI). .I.,
Itrctrr. ,\istr. ,rrririt L.t.\rr .Soc. Micro~birr. 1 rsor xa a ulubelworl t ftrIltalt)as 
pirtills. it 4(-\ ; oIr.rrlfellrle. xhIlo piles ited atla iralth 

('116. p. 319) curn lrrr td Lxpuirietl iopotl",, origillillarl 
In brid i/a tio n esrilts to c ) t ) 12 h yl b itlirxi r n lI cr irr ,rud I)N \ id ot tllIi .tall 

gior ps . Ne'\I. e ,riIbed repre errt e tirctc iit her ,,i (rrt a Lil d sc spiecie , soi ol trll r irr-, to llg t ld rrlg ilr . 
1corrditio\xi, s l~uiuseWI( I5 is. ic Iliri (seInri­d"l tciurit rrrid d.ilo 
sitlletic pelrnicillirr) \'.as piL e Ibed. lho\,C\ r. ti, treat­

o icspu urdillg iuulhou. irirt Ipr*o'. ed illcltixe, id tire piiCnl ' sue1,qiieIttly ie­
iddlss: tf trlrimtI'le.irrl l'CIlt, M iLtdIo logx. (;iro tilIred itorix C tIre \ otilld debrided irrd ilspecirllilri ritlred. 

Medical School. Ki Il.\irir. lrllo. l . The laborlltory lt I 'st'.eertloted as hxavy grotit of 
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IAIII.E I. Biochemical reactions or"ic ree A. ihlherii striains IABI[. Ii 2. I)NA rclatedness otlthe Ipe strl'in otA . cbelIii 
itstrains AMC" 1118-87 and .\NI(' 4390-87Reac.:lt
ion" 

Ts RateI.cnccess V 
AM( ,A\( AIFCC(t) ldclcd I)NA

1104t-87 4196.87 437111 Stiel]c l til clc d t .-.11 Il''tti it ril 
)NA AT('(' 43701t I ('" 

Sensitivity to (/I129 6e0C 75 C
 
String test ....
 
Growth in nutrient broth plus: A.shitthi iii
 

0"; NaCl +- 2440-811 A'((' 4371t0) 100t 100t) 11 
6.5'; Na.('l - - - 1108-87 97 90 2.8
 

Motility 4 + + 4390-87 96 1001 1.2
 
( ) N i(,' + + + V".ilyactl' le cytie'll0i (A ( ( 27909) 2
 
Cilrate (Silllllns)' + + + * dIce. tittoecc ll eeei cucp hic F eeu l Cakctite ecotogonis and
 
Niliate reduiced itonitrite' + + + hclcltellogiut INA ceeeepnf,.
 
I,S on triple sugar iron - - -


Indole production - - -


VI' (O'MIear) - + - with '21' N 1: K-004: Dhupont, N EN Research Products. Bos-

VI" - + - ton, Mass.) and rc:icted wilh unlabeled )NA from repre-

VvI - + - Sncllative Aer lolett.s isoiltes at both Ote optimal reassociia­
(;rhtlthin K('N - - lion temiperattur of' 60 C and the stringent incutbatioc
 
Esculin hyrrol.,is - - - temilperaturte of 75 C. Relatedness a s cxpressed tileas
Gclalin hldrollt% 
IL)sinle ++ 4+ + relative binding 'lio OI)and the divcrgetice inlthe(Moecller) + I as 

melting temIpelatlrC (dTII) (lable 2). RIR calculated 


I)-(illicose a1petrenlage to enablc determinatiotn ol sinilarity betI\CCn
 
Acid + + 4- strains. R3R vllucs ol' 70'; (for reactionlit 'lt() and 55";
 
G- - (for reactiotslit 7s () were considered the cutllof values f'or*
 

Acid1 prodticC.'d froin: I)NA telated ness.
 
Adonitil'' The. dTI,.expressed in dcgrecs Celsius. is tihe difference in
 

Ornithine I tocllerl _ 'kais is 

Ih 
I-Aiabinose - - melting tcmlpcrature beteen each homologous ind helleol­
IP-'-Inoiol _ - ogouts I)NA dtiple\. A dlin vatlue of 5 C was considered tile 
i-Miliic -ci-ollc value for )NA relatIdness. 
Riilinosc'' .... 
I *Rianno C otrol rieactions, in which labeled )NA \kitsinctilltd in 
Salicin til the ibseiice of' unlab-eld )NA, wvceC inclided, illdthe 
li-,tubilol , labcl-oniln ,ailllct s Ubllitriclted reactionscontrol \ c'rc fo0r all 

Suic-ose beforc the RIR \is eclllctiit.'l.
 

I)(N .. lo i icwe\ IAT(V(17812) \isfDNA 'ihiec Ir/Iacv 

Ne l " c d eI-t ' c ctlli cc pccc : .po ih c ;i 24 Ic tt u sed a,Iinegltrle i Citriol I'ir the )N A-l. lllivicl ii ittco is. 
end ti cppropimic ilcliicee Potential i) Autoaggluinihliolnperioed tiirltlence-asscialed ai1Nas. 

Rciiclis cebaicd \ilte aId aggluiitiii. '[lie delciniimialion as ticA\tl 20F1:. acrillaiine 
Rescills olhiincet %%lit .n Ncg.cicec hether these straitil tlln peillcted ini broth t IP' )Mici,e&c (heilc I',il "7 si italolll\ 

or pelleted uunl lilter boiling (PAW'1. ats well is slide 
A. hdr'oli/tia.and ltlt oral cephal tisporin agglutination \\ith \ailt ( ): 11(5)0 Ing i'o tites tests icrillalviia picpalrc 
daily) was lpiesribcd. Tie pilicnt returncd 4 da's latert'or antisria )1() (kindly pirovided b .1.M. Ja tida. Blrklcy. 
lodof'oim packing and dressing and 6 (fit', Cllil'.), wele dun he method ill.later for itfinal olic cf.landa et 112). 
debridenlent lltsterile gaile rcdrcssiing. Upon conipletioll di) Ew\tltzil analsi . srunii resistaticc. and o'lmiin
of the 15-dtay tegirnen of oral cephalospoiin treatmilent. lie ais. 'he stiis \\crc e\iied ftr lt preeicce ucf the 
patienit was coipletely reclvred. e\lrtelltlar Cti/.'litile l)Nise. pictase.p lictinase. and chiti-

Bacterial 'drains. The I \c straiis of A. v11.hicrii \%ere nase nciih ,pitvilsly describCd 18. 13). Serittn tesis­
quick-'rioen in 2 ml ot T-picase sii broth k\ith 10'; tlance wi tletertmined las ptevi utsly described (191 h) clhil­
glycetrl (Renel. lenea.l, K ais.)'ilI naiitined it 70 (' 1tige if (c ,10' tic 3 10 ('[UtJ o 'ach st ain a aiist 6'; 
and sisequtently sulbctilttred tI lificls suo agicr skills pooled hitlnian ,Celllll. lto\ititsi" pCeIo'tmtOed( o \\teic oil 
(Bi.l1 Micricbiolgy)S Istnis.('iccke svillc. Mt.) and itmain- 111:I-2 Illctlavers"sit'pi'C% descliled I12).itltlsl 

ioilln (18 stacl \ ia I1 the pliatetailied it tlliller(atuir to 28 C). I icss hii Illeiolthisinssy. 'Ibh pertonield 1y bit 
atiyses)Cee hrt'lled iilC'ltls. \%;isotherVise, ll .0 i3 1(C. an Itite Il lhfie formr0. acih staiir slptt 

Phetlult )i¢ iinailsis. All of hC stittilld iCtitliliciltioll tst intccullated to Tr Ilpticc soy agcr pUles %itlh 5'; sheep blood 
I'able I) were perftrltieid eiher 1clcil, etnioil eitthods 17. aind I m)ict-se sor igil piles \witlt 5' horse bloocd iteinel) 
17. 20) iihutmedii and biocliticlls iltiined frcnit Rliel ilr inditteihaled aitbotlh 37 22 ( f'or 2 davs.tillt The strains 
by rapid ideintilic ation Ilicihds \with All 201F (Alillytlb w\ei also tested Iii cell- ice itllllhsit. [his involved 
Produicts. hlltitcvicw. (-lictcSCtINegtv in)[ eat t ilifusillirllcrtiiglu it bolllhN.Y.). (itatIl t ibraill till it 37 (' 
Cutlbmo Ilitcl 7 (Baster Illhcticte ('olrp.. MicioScatl l)ii- static ,ittl shuilttn caleitit-me ctdiitns. lie sh ikei ctiltules 
sitit., We,,t Sucrametc. ('a\lit.). antld Ioiuclog (iN \wcre ul rbitil sliker 100 t'illhe\mcdMicrcpltc ictitl il i rptit. w 
Illilicg. lice.. II\ (' ictttlualill Cytd nid lilt atii of lthslipt ilitils lhroltle, 
DNA relaledtnss ana:isis. l)NA-l)NA hbrtliatieiti is IO.S -liict-si/- ,\Crilis: filter ((icliai Sciecte, ice.. 

cotnduicted in dtrlicite hy tisiig tlte bitch hstlrl-mvitlilc Aiii Athiol. Mich.). lie slipelnillaits Cie tlhe Iestd ill 
thermial ehiliit proccduhre (2. 3). I)NA 'olrie h serial tI\olulld nlllitit,, inii csphldefinitiin h1t-[illte[ld saline ligtittst 
strain l A.lw I lb'Uii lA\('(' 437001 aisintck Itiiieul I'; (vol,'.d) iabbii cells w itlinctilition ;it.37(' lir I I. 
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[AB"LE.F 3. In vitro susceptibility tofthree A. .Imhriii sirains to 17 ant inicrobi.d Iagents 

Antimicrobial agent 

A nikacin 
Ampicillin 
Cefazolin 
Cefoxitin 
Ceftazidime 
Ceftriaxone 
Cefuroxime 
Cephalot hin 
Ciprofloxacin 
Gcntamicin 
Imipenem 
Piperacillin 
Tetracycline 
Ticarcillin-polassium clavulanate
It'icarcillin 

Tobramycin 
Tnmriethc,prim-sull'iarnet hoxatzole 

M I(" (ji.g,li i,.11c)liiiy 

Range AT(( 437110 AMC 110-87 ANIC 4396 87 

:2----16 4 IS) 8 (S) >16 (R) 
:---16 
_-2- -16 
.2---16 

:.16 (R) 
16 1NIS) 

<2 IS) 

16 (MSI) 
8 (S) 

-­2(S) 

> 16 (R) 
>16 (R) 
<2 (S) 

i2- -_-16 -_2 (S) 2 (St <2 IS) 
4--6 
2- 16 

<4 IS) 
<2 (St 

<4 (S) 
<2 (S) 

<4 (S) 
8(S) 

8- 16 <8 (S) <8 (S) <8 (S) 
1--2 <1 IS) <1 Is) < I(S) 
1-6 2 (S) 4 (S) 4 IS) 

"l-_9 
8- 64 

< I(S) 
<8 (S) 

<I (S) 
<8(S 

2 (S) 
<8 (S) 

4- 4 
1- 6 

--8--64 

-:4(S) 
,<8(S) 
< 8 (S) 

<4 (S) 
<8 (S) 
<8 (S 

<4 (S) 
<8 (SI 
64 (NIS) 

-(----6 
<0.5/9.5- -2.0138 

4 (S) 
<0.5/9.5 (S) 

((i 
_0.5/9.5 (S) 

>6 (R) 
<(1.5/9.5 (S) 

"hcrapeniic on National Commilice forClinical t;latwraory SItankhd, t I)IO-2S: S. N.u,ceplihle 	 ,sccptibl)e " guide ba.tCd 	 R. ie.ital: NIS.mtodejalci\y I. 
in erniedia e. 

ftollowed by refrigeration overnight before the final reading 
was made. 

Iernagglufinins. Strains tested for the presetnce (f' hemag-
glutinins against rabbit, sheep, and rat (glutar 1idehydc-fixCdI) 
erythrocytes were grown overnight on colonization I('acltlor 
agar at 35S'"and suspended in phosphate-hllered saline toia 
cotcentration of ca. 1)l to 10" - CUnil. Then,20 (LI ofthis 
suspension Was added to 2(1 jilof 3'; (vol/vol) erythrocN te, 
and mixed on a roc,,d-tile plate forI0 nin at 6(0rpT. The 
-ontrols were -herit'hia coli I.Y-72 and I.Y-91 hcmagglu-
tinin type 2 J. Wong. N . A. Miller. ;and J. M..lainal. 
unptblishCd tmethiod). 

Anlibi(,fic susceptibility tests. Anlibiotic susccptibilil 5 as 
determined by using the MI( nlicrotubc Method follh)\,ing 
tile standards fot interpretation of the National Committee 
for Clinical kaioratory Standards,. WC dCtcrtnined the M IK's 
of 17 ol'the most recently prescribed antimicrolial agetits in 
a 96-xs ell-microdilutiol plate. the MicroScan (itn Negative c
C.otnbo Panel 7. and the rc,llIs x,\crc interp'reted anid te-
corded both mantually tanld ith an AutoScan-4 reader ith7 

Presumptive identilicatioin. ()u st rains. AM C 1108-87 and 
AM(C 4396-87. sho%\Cd the ninitnal characterislics for the 
genis Acromimi.i. i.e.. fernentative. ttile grali-negative 
rods. otxila, positivc, resistant t 0/129. string test ticga­
tivc, not reqtuiring NaCl For growvit. not growing in 6.5"1, 
NaCI. and icducing nitrate to nitrites. 
The str,ilns %%ere prscctnlptively identified a'. A. hydrophilrt 

group ol AI 201. Ib)utssith an identilicalion of "doubtful 
profile" for ..\NI( 1108-87 and "'good likelihood but low 
sehlectivity" fOr \NI(.. 4930-87 hy the AP comptler dalla base 
becta st of the presence (it'ofncgalic reactiotn I for indole. 
lumannitol. and sICI-. [he profile tiniber.Cls generated were 
7200(l0(1 for bolh AN1( 1118.87 and ATCU 43700 and 72(17004 
for AM(C 4390-87. IOls,'c,,erit should be noted thal the API 
2(F data base isCttllIructetd on1, for1. A. livdroplaih/. A. 
.ihr)l. A. Mii( atd A. S1hmcloi(i01. 

[he MicroScan (Giran Netatkie (onbo Ilanel 7 system 
ave an ilciitification of A. /odropltilprobability. 999 
"'"
 
correct) for only tc of the siraiins. ANIC 4390.87 (biotype
cordedoth-,,t
manalyMid-, 
 an utoS6(). The r .%atiicro- no. 40(015-l 1. xxlicreas it identified both ANI(' 11t'!-87 andcompte1r-assisted aialysis by an I BM IS.6(. [he 

biail agents and coticcliaions arc listed, in [able 3 

(se 


Continuing interest in the aerotninads has inlensificd the 
clorts towards classification of this grotup. Including the 
work of Ilickman-lIrenner et al. (6)mdSchubert and Ilegazi 
(221, there are tnow seven rccogtni/cd or proposed species: A. 

tlhe A'(" 43700 strain a, Vihrio mimiio (probability. 
99.9' coict ilb the biotype no. 40004015-1. It should be 
noted that the Microscan [)'.taMan1igetnlClt Systctn did 

nESI'I'Serscore the negie indole reaction fo thwU latter two 

sirains as being atypical. I.ik¢\xi,c. the MicloScn I)alta 
M lagenlecit SsiCln inhcudes A1.h/dor/)phiha. A. Lohrii. and 
A. 	 oiio only'. 

lrther charactelri/iatiorn of these stains by thlelhItonlic 
hvdroplhil, A. 'ibrt .A. oci''. A. owudi, ' 	 of, topoll atdll roil (I) aid Jandi cl al. (13) anl(.	 .c,,.urNeshema 
.saltoiida. A. verolii. A..milu)hrii, and Acnomrno(.% C/I-
(re't)lophila. 
The newest species. A. whobcrtii, is rcpresented by I)NA 

hybridization group 12 and 1t date has bccn isolated frotn 
, ,kin, fluid. and blood I5). Inabs,,cesses, wounds, pleural 
c(lolpaisrin wilh other Aerolnonax spc,:ics. A. sthiodrliiis 
negalive lt tihe fermnllition of' D-lllInniol. sucr"Cs. I­
arabillose. atd salicin: ecatg|live for indole prothiction: and 
negative for esculin hydrolysis (5). The txxo clinical strains 
described hereinifurlthcr SUppotr the clinical sinilican olf 
this particular species. Additionally. their isolatiotn front the 
('hesapeake Bay arca extends the geogralhic range ptcvi-
ously described for this species. 

comparison \%ilh piublished rc,,ults flr tlietpe strain A. 
%(hihrti (5*5)iexcded the threc slrains to bie essentially the 
sale biochemicallI. ('oiltersel , onl\ ANIC 4396-87 \kas 
Vogcs-PIroskmier positixe \till th tlcC diflcrClt metho1ds 
for d'lctiont(lacctoin (ible 1.The Iiov Panel x as uscd 
h)aitly/c tesc sllills for utili/aliun if I):.rjaiitol. ccloi­
ose. i-crx thrit l.I)-galaclos . glycel l, invo-inositol, lactose. 
maltose. I)-I11Itise.. tuclibiose. and I,Chaclo" as solc carbon 
sourcc,. (If thce. i)-g;liclose. gkcerol. ilillose. i)-tian­
nose, a[o lichalos, all th1ee strains while'Id \crc uiiliied h\ 
the ienaiinder gave ncgalive resultls. 

Ihith l' Iltes strains \cc \xcaklv hcla-hemoltic (in 
Irypticas o ilgal \%fitl 5', sheep blood and stroigly 
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beta-hemolytic on "rypticase soy agar %kith 5,4 horse blood A final consideration is that these strains of A. ,cIm'lriiafter 24 hof incubation at both 35 and 22' C. A1 CC 4370(1 has lepresented 2 of 50 A-niuuia.'. specie isted in the same 

been described is gainani-hlnolytic oin "rypticase soy agar laboratory over i 12-month period flomn1 Valrious clinical
 
with 5,7( sheep blood which we confirmed bilt I'tirther noted specimens and may suggest a higher f'requency than might te
 
that it was be a-hellnolytic oi l'rypticase soy agar with 51; suspected otherwise.
 
horse blood after 24 h at 30'.
 

Confirmed idcntification. The results of" the )NA hybrid- A('KN \WI,I'1);G IIE NIS 
ization work showted t close relatedness belween these to 
strains and the DNA group 12 definition strain ATCC'C 43700 We thank J. Michael tanit lor perlrining scrim stusceptihility. 
(96 to IW;§), which confirmld the identification of these CNlttO[ill, hteitiitSll.l, thiLi'igtilillin,iinti %iliitiis 12\01N/illati 
sl'tain~s its A. ,'hu hi (Tles.i/ti/)'rt 2). asi ftor 1ort)iscb;isevbItlaibe('olilrtdiscussionis.dtiiiiinA.Iistlriin o'rii2446-8t1AT{'TCI v as kindly43700lstrinsaslabl(2)'¢iilr. and 

Vi ru knce-associaletd assa vs. Prior ,IuLics hiavxe showl ita eir 'rDsaeCnrldlniinsii 468)%isknI 
variatin i , . u speieo f Ai'tio i, \'. ,1 .l i+\OvitdlI, h .1. . narlier111. We atso thank Marie Itead forirulencebeiti ,Va~lriatioln ill \'h'tlellleu h~ct~k i s~lpecies t mit\ (9). 111). Iechnical is'sistialce and NauN (o\ o'ort ping the niantiscript.For this reia11, it %k is li \\a',done ndtr *\lgei)consiLeCred apIrpritelC to in\ estigil slinid (1 fr"Internatiomal t)e'elopient

these strains for the presence of.%irpilece-associated in ak- glaill ni. tIT1-.542--SS-712t-1(. 
ers. 'Ilie resuilts for cell-I'le helolvsin, henigglhiinin 
cytoltoxin, pectinlase, and chitise \'eve ssentiill icgilti IeIT.RIItREt; TITtt 
excipt that hoth AMC 4396-87 and AC 110;,-87 \cre 1. Altn, I). A. It. Austin, and It. It. ( ,ll. 1983 Ariomeiluo 
postilie I'for c tOtxill piLductioll ,ilt i 1:1) dilutioln sshen Iodill. ii nel cspecies isolated tolil rircl" stalecr. till. . Syst. 
grow iIIIUnler rilct econ liitions. Iaccrit6ol. 33: 9--t, 

,IHoweveul it is llolt\sorthv that btlh tra"lliis \ cre positive 2. BreIinr, I). I., G. R. lanning A. V. Itake, -id K. I. ,lohnsoii., 
for helmolysi hy the Ilic lssay and s\ lc positic fo0r t'199. tBatch plocedle for therIithl elution of' )NA fromI by-

Nask and proltease. lhc \sere resitant to sel-ll. \\ith t ro\apitlih.. Anial. tiocluhii. 28:447-4 '. 
ANIC 4396-87 shosilug t slightl\ higher scrui tresi stanec 3. Irnner, I). .I., A. (C. thorter, I. K. Iteie Knutson. and 
value than AMC 1108-87 (1.82 and (.42. rspetis cl\). Also A.C. seigeralt. 191. /l.)ul hill I'crik: a iev species ofl 

• LIIII'IIiI~lll 'll~ll < I latlu \0ilh ll .1, (_lill.N" ictl hIlnm I,%tilds . 
of" interest is ic negative actillavinc aghillin itlon reaction M icitltbioI. lI. t 1 41 
which istually corrl hts w\ith virtlent striins, I). 4. E]iillg, %\.II., It. flugh, aint J. . o.ltilnsnn. 1974. Studiesi tlihe 

.I:inally. the iltoagglitinaltioln restill re e',l! 'I( I108- A'ro,,m,,mo iolip. 1--31. ('enter for I)isebsc Control. Public 
87 to be AA (iltoagglitinatiot negiti e. UCC 43700 to Itcalllih Sc' ic. t'... I)Cp;lUieCt it Ileath. t ltilalitll. int
 
bie SP , ant A\IC 4396-87 to ie PAl '. lesling of" AMC \\lfuiic. Atlant.
 
4396-87 against the ():I antisera ' de - 5. Ificknin-Iiiir, t, tanning, N. ,J. Ardui, I). .1.
somtlic preiotisl n F. \\., G. It. 
scribed resulteld! in 4' aggltitinaiuion %%ith aill three antiserla trnlter, aUld .1. .1. Farmer III. 1H". A-'romomoiiu ht/ih'lii at 
and led to the con luiitln thai this stiit is inost likelv i nes lilaniilloI-llcLIli\c Species found ill htillln clinical speci­
rotigh strain. II is thereftoe uinlikel , Ihal this sritil possesses imtiis. .t. (lii. Miciliotl. 20:1 511s-14. 

I. Ilickhnan-Irtnner, t.. W., K. I. Mactl)onaldt, ... G. Sli ri all.the S laer that has been associated .i ith iivasiklc disease in C. I.,iiilng. 1)..I. irei. and .1. ,J. Faermr It. 1987. 
certailn populatioli s Of' A. d A. ,.l'ro+iilliil%I'r il. a Ic , oiihuiiie il tlecai iho' ise-positikeliyh.',ldiilI anM S/lwi(I (1-2). 

Antihiotic suscfi ilil. specles th llr m1irrl.t . Microllioll.The ts\%o strin, had anibiograills hC.iise ('hiti. 25:900(t-90(6. 
typical olf other Acroioi/l. strains. i.e .. I'sistaice to allipi- 7. ,anda, 1. Mt.198. ttiOcheniiCal ailt '\Ollh, itiil properties o1' 
cillin (strain AMC %%&, idl- i.' osmhim Miciohiol. Infect. Iis. 3:223-212.1118-87 alsllally colnsiderel specics. t)iagli. 
iltClv stlsCeplile) ald scptililh Ill giitulliini and tIrbi- 8. fudh. ,I. Nt., alld El..1. Ihllhuiine. t98t . /'iOm' ,rs lo.r I ,os1 
cycline (lahle 3). Addilio)ttll,, ,AMC 4396-87 \\ as resistant Clli inc plotiling: pidier it notnnial iilnis ss aind use bis 
to amikacin. tobraivetil. id efadolit: therefore. it \\Is ihe inlepideliiloihgica! tool. JI.(lin. Nicrohiiil. 14:55-((1. 
imost resistat ollifthe thre siraiis tested. ()tlhr'\ ise. the l\ toJ iandii, .1. t., an I. Itrendeii. I oo , iu1987. tnipotllice *ii, 

strains i, \%cll ia A,,VAt 43700. \\c \ei\ sit l0lCIAINl. hria in <%.,RI. iiu ;ictieidiui. .t.Inect. tis. 155:9 1.

nllairrily ofit le. ecrphailo le el ,ant t.U. It. It 198i. ' iliilclice
polills il , l1hltohiil ,.Ir, ,il..MN takan. irendell. of, 

ni~iiit f este efo~i- spcies as stuldies.te cehalsporns(cpliaoilin. Acroiouiiu is-essSed thugh mioulse lethalis 
till. Ceflltia\tle. Miiid Cliuro\ilic. i \%l Ihe tie'l . (irrMNicr'ohitl. 12:161-108cia e 

la-hlaai-inaetis atlilg dlig tieaileilliii-potllssii It I ait\l- I1. alllda, ,. NI.. anI . S. tIllt,. t988 tcsopliilic ,iroialinads ill 
lnale a ilethe quillullic ciproll iii m .iiin ttiselics: cuirc'il hi\liii . blholrtoiil ictilific;ulilli. 

In stlnlllilry .%e hie. ta 1 tild iitlcctioils Re'..Citlilried.thill A.. lo11)liii sh dlntl itiusiC specuullll. tiilcct. l)is. I10:9,i-997. 
\\hl il llibling the .1. N I..L. S. Oslih'n, S. I.. Abholl, andiP. S. titlebe COusi tlee l ll lgallisll res illtllitllatls 12. ,hnnlitb. 1987. 

t t a s d iitn et1 uiC hili ois isolhlte I' llu it iui. I ttir ilrtC. its rInue ouf Viiulci'lic, litit klis if ui i :icleliulla it : bissicili n i tIhe 
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Abstract 
Environmental parameters of Aeromonas and Plesiomonas are reviewed and comparisons are made withinand between the two genera. Because of the presumed disparity between 'so-called' environmental andclinical aeromonads, the two groups are reviewed particularly in relationinvestigators studying these organisms using various biotyping methods. 

to observations made by
A retrospective analysis of clinicaland environmental strains from one of our original sti"-ies is presented after utilizing the most recently
available taxonomic criteria. Identifications are at variance inso-ne instances with previous designations.
 

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 havethat undergone several 
generations of taxonornic reclassification. Current-
ly, Aeromonas hydrophila, A. sobria, A. caviae, A. 
salmonicida, A. media, A. veroni, A. schubertii andA. eucrenophila are validated or proposed species.
Most of these species are associated with fresh
and estuarine waters (1). sedimen(, soiland 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, andwarm-
cold-blooded, are fairly common, including
isolations of aeromonads from many avian
species. Diverse forms of disease in bird
populations, some epidemic, have been attributed 
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to Aeromonas spp. (3, 4). Because of thefrequency 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 inaquatic environments,
especially in open municipal water supplies (5).Aeromonads constitute a large proportion of the
total microbial population in river water samples,
particularly inhighly 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 inadormant phase
outside of fish (13). Atypical groups of A.
salmonicida have been revealed via DNA
relatedness (14) and heme requirement studies 
(15). Dooley and Trust (16) proposed that strains
of A. hydrophila, which are most virulent for fish, 
appear to possess asurface array protein (S-layer).T[he 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. 

Plesiomoras is an oxidase-positive, Gram-
negative rod 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 shigelloides, 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. Outbreaks of infection in 
humans indicate that Plesiomonas associated with 
oysters is an attributable risk factor in diseases of 
this nature (23) Pleslomonas 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. It 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 0 and 19 H sera to test 169 strains of diverse 
geographic origin and found 017 to be the most 
frequent serovar in OH serovar combinations 
017:C, 017:d and 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% NaCI 
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. 
Huq and co-workers (33) found isolation rates of 
Pleslomonas from the water samples of the 
Buriganga River and Dhanmondi Lake in 

Bangladesh to be much higher when incubated at 
440 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 conclusiveno 
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 etal. (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 two 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 seer., to correlate with source although some 
agreement was found according to species, with 
A. sobria being positive more frequently (43%) 
than A. hydrophila (20.5%) and A. caviae (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. Although they were unible to show 
consistent similarities among strains in the two 
groups, prophylactic measures w3re implemented 
and appeared to reduce the incidence of 
nosocomial illness result:ng from Aeromonas 
infections. 

By use of phage lysotyping, Geiger et al. (39) 
were able to show an epidemiological relationship 
between the strains of Aeromo.-as isolated from 
the aquatic environment and tho.se of human 
clinical origin. Using 95 bacteriopoage 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 clinical environs. They
surmised that these results substantiated the 
supposition that the aquatic environment is an 
importa;it reservoir of potentially pathogenic 
aerc-,ionadr;. 

Although piliation seems to be a, leest 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 
generally have an S-type pilus while clinical strains 
seem to have a more adherent L-typt:pilus,
explaining that the S-type pilus may play a role in 
the survival of Aeromonas spp. in environmental 
habitats. Conversely, Kirov t al. (36) found a 
marked bsence 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 nodifference between aeromonads from human 

diffrenc beweenaermonashmanfom 
sources and those of environmental origin.

Daily et al. (40) also showed that a significant
number of strains from the environment were 
putentially pathogenic biotypes based on the 
presence or absence of num erous virulence-
associated features. Based on prevailing 
taxonomy at the time, the strains were identified totire species, A. hydrophila and A. sobria, only. The 
majority of the clinical isolates were A. sobna 
Ther seeme tbe inl istes we A.orga s 
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 
additional 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 cvtotoxin 
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 
Aeromonas and improved methodologies, we 
(SWJ, RW and DR, coinvestigators in the present 

Joseph et al. 

article) have retrospectively re-examined many of 
the strains from the study noted above (40), the 
purpose being to update the classification of these 
strains, and based on the results, to re-assess our 
or:ginal conclusions. 

Materials and methods 

Bacterialstrains 
The strains or this study (Table ) were 

maintained at -70C in Trypticase Soy Broth with 

10% glycerol added. 

Strain characterization 

Strains which were oxid'se-positive and 
resistant to vibriostat (0/129) (150lig/ml) were 
presumptively placed in the "Aeromonas 
hydrophila-complex" with the API 20E (Analytab,Inc., Plainview, NY). 

Identification to species was done using
Identi on to d s w a e ia 

conventional methods (44, 45. 461 and media 
(Remel Ln i. tese testincluded 
haemolysin and indole production, reaction on TSI,
hydrol y C N esc in (VP), ile c in 

hydrolysis, acetoin production (VP), productinn of 
gas from glucose, lysine and ornithinedecarboxylase production, and fermentation of 
arabinose, salicin, mannitol and sucrose. Unless
noted otherwise, all of these tests were performedat 360C± 1 

Results aid discussion 

Our 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%, LD5 >10 7) than the 
potentially pathogenic group (LD50<10 7). Since 
this study was accomplished before A. caviae was 
commonly considered for identification purposes, 
it was of interest to determinp iivw m-iny of these 
strains, particularly in the l),.'> rU.Jp, ,'rcrr of 
this species. Current irlorn,atiori:j i.-:tsthn A. 
caviae is a less virulent ur7,viisf, tdli, , 1her A. 
hydrophila or A. sobna. Five o '! Iiti...-1, ,hiLh 
were re-examined, are different species than the 
original designation and four others are atypical in 
two or more of the features characterizing the 
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TABLE I - PHENOTYPIC CHARACTERIST;CS OF 15 AEROMONASSPP. FROM CLINICAL AND ENVIRONMENTAL SOURCES E 

StranNo. Lab Source Original LDo' Oxi- Vibno- TSl Indole Haemo- KCN Escukn Bile VP' Glucose Lysae Orni- Arabi- Sal- Man- Suc- Present
 
(Daily No. Identi)- dase stat lysin Escu-
 (Gas thine nose cn nitol rose Identification

eral. cation (0 0129) lin (i 37 C 
 -0
1981in 

2 NMR1203 G i tract A. sobria 41 + R A/A + 11 w+ + + + - + - + + + + A.hydrophla
3 NMR1204 Sputum A sobria 43 RR K/A + B + + + + + + - + - + + A. hydropha
4 NMR1208 Gi tract A sobria 44 + R K/A + w .. . . + - + -Atypical A. sobna5 NMRI 7 Leg wound A hydrophila 45 + R A/A + B + + 4 + - + - + - + + Atypical A. h,'dophilaE NMRI54 Environment A sobna 45 + R A/A + B + + + + + + ­ + - + + A. hydrophla7 NMRI6 Leg wound A. sobna 46 + R A/A + B - +1- +/- + + + - - - + - Atypical A sobr

8 NMRI55 Environment A hydrophila 46 + R A/A + B + + + + + 
 + - + - + + A. hydropuia
10 NMRI3 Ervironment A hydrophda 54 + R A/A + B + + + w+ + + ­ + + + + A hydropha12 NMRI206 G I tract A. sobna 5.9 + R A/A + wa . . . . + + - w+ - + + A. sobna

'3 NMRI56 Env-'ment A hyirophlIa 6.5 + R ;vA + w" + + + + + 4 - + + + + A. hydrophila15 NMRI 5 Lung A hydophla 69 + R A/A , B + + + w+ + + ­ + + + . A. hydrophila16 NMR14 G I tract A sobna 73 + R A/A + B w+ - - + +/- ­ - + Atyp.al A.sobria17 NMR1209 G I tract A sobna 75 + R A'A + ++ + + ­ - - + + + + A cavae
22 NMRI16 Environment A, hydrophila 82 + R A/A + B + + + + + + ­ + - + + A. hydrophila23 NMRI2 Environment A.hydrophila 8.4 + R A/A + + + + - ­ - + + + + A+cavrae 

'LD = lethal dose 50%
 
'Gas exhibited by all strains except nos+2. 4. 5 and 17
 

'VP = Voges-Proskauer
 
'Presumptive Group 9 genotype
 

C.) 
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assigned designation (Table I). Six remained 
unchanged (Table I). In fact, 2/15 proved to be A. 
caviae, which ')ad given LD50 s of 105 and 1084, 
respectively. lowever, two other strains with 
LD5o>10 7. ro.4 and No. 16, were not A. caviaeand 
are correct as originally identified. However, we 
now refer to No. 4 as atypical A. sobria because of 
the atypical reactions shown in Table I1. This 
strain, as well as No. 7, was unable to ferment 
sucrose. Based on the studies of Arduino et a/. 
(Arduino, MJ, Hickman-Brenner FW, FarmerJJ, 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 is a member of DNA hybridization Group 9 of 
Fdnning et al. (Fanning GR, Hickman-Brenner FW, 
Farmer JJ, Ill, Brenner DJ. DNA relatedness and 
phenotypic a,,alysis of the genus Aeromonas. In: 
Abstr. An. Mtg. Amer. Soc. Microbiol, C116, 
1988:319). Stra~ns No. 7 and No. 16 are now 
regarded as atypical A. sobria, while No. 5 is an 
atypical A. hydrophila (fable Il). Although strains 
No. 3 and No. 6 are salicin-negative, A. hydrophila is 
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 thatby 
there are 4 A. sobria, 4 A. hydrophila, and 1 A. 
caviae from clinik:al sources, thus approximati 1g 
the frequency coserved in some recent reports 
(47) (Table 1II). One of the A. sobria strains, No. 4, 

is 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. sobra. 

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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TABLE II - LIST OF ATYPICAL AEROMONAS SPP. 

Strain No. Identification 

4
a.b Atypical A. sobria 

5c Atypical A.hydrophila 
7 Atypical A.sobria 
16 Atypical A.sobria 

Atypical reactions 

VP, Gas frum glucose, sucrose 
Gas from glucose. salicin 

Esculin, sucrose 
KCN, lysine 

'Phenotypically resembles DNA hybridization Group 9 of Fanning etal. (Fanning GR, Hickman-Brenner FW, Farmer JJ. 
Il1,Brenner DJ. DNA relatedness and phenotvpic analysis of the genus Aeromonas. In: Abstr. Ann. Mtg. Amer. Soc 
Microbiol, C116. 1988: 313) 

"'These strains produced gaa from glucose after 24 hours when incubated at 22°C. 
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TABLE III- RECAPITULATION OF STRAINS AND S.JURCES 

Present Number 

identification of strains 


(N= 15) 

A. caviae 	 2 

A.sobria 	 1 

A.hydrophila 	 8 

Atypical A.sobria 1 
(Presumptive group 9) 

Atypical A. sobria 2 

Atypiral 
A.hydrophila 	 1 
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Negative pyrazinamiidase activity was significantly associated with Aeronionas sobria, and positive pyrazi.
narnidase activity was associated wsith A. hydrophila and A. caviae ( 2, P .- 0.00)01). The absence of 
pyrazinamidase activity may he a potentially significant phenotypic marker lor A. sobria. 

Aerornonads are ubiquitous gram-negative, aquatic micro-
organisms that can cause a wide variety ot' discascs il 
humans as \well as cold- and other warn-blooded animals (4. 
In the last decade, there has been increasing research 
centered on their relative pathogenicity for tmans, espe-
cially with respect to species-associated virulence factors 
(5). 


However, with Aermoaioia. taxonomy currently ina state 
of flux, i.e.. having 12 or more I)NA-I)NA hybridization 
groups (genotypes) within the genus (G. R. Fanning, 1. W. 
Hicktnan-Brennr, 1. J.. Farmer Il, and I). J. Brenner, 
Abstr. Annu. Meet. Am. Soc. Microbiol. 1985. CI116. p. 319 
and 8 proposed and/or recognized species to date. virulence 
is difficult to assess. For example. Kidijper et al. (9) have 
shown that only 5 of' the 12 genotypes were found inl the 
examination of 142 di;irrheal clinical strains. Irther, it was 

shown that the current scheme of classification is not sulli-

cicnltly discriminating. in that phenotypically similar A. 


/t.tdrvloihwererc i11terogcneoun
geneticall that
pti/ai st tains werte gentie tic ally ilc terogetteot i t hitIa 

suspected A. .obria could helong to either )NA hyhridia-

tion gron p 8 (.. 'lb'ia)4 or gron p l(f)(A.veroajii4..

ecagrouse we Avesobeen invetgatit se(veraliochetia
Becasebenw ivestgatig svera bichemcalhae 

characteristics for phenotypic classification of the different 

D)NA groups, we dccided to examit:e pyrazinamidase activ-


ity, which has been extensively studied in .lycohacturit 

spp. (84 and considered at diferent iating featre in the 

classilication of ('or*vn ha(ulrit na spp. (H1 , Rh to(o cut.i 
spp., and Nocurdia spp. (12) and a virulencc-associatcdmarker in the genus }cr~iaia 474. 

iaerin ialestris wereeresita 1A in s 

for this study, including A. h.'droli/a.A. w bria. A. catiac, 
A. t'Iri01ii. anld A. ahabchtTIrii. The Sllains were collectedt
 
from 1985 to 1989 in several countries. including the United
StaesrthastAfrca(it-it 56. ). kILCS1 ,N 4 iln (1 

States (a - 56). Northeast Africa (a - 45). langladesli-

11), IndoneCsiai(at -- 1), and South A nerica (at - 14. and 
originated primarily fron various clinical sotrces (t - 98). 

Thlie renma in i i ae romnl aus (a - 21) were Fromne ivi ro i i ­
tal. veterinary, and niscellaneous sources. The delinition 
strains for the )NA hybridization grollps 1,4. 10. iid 12 intll 
a clinical American Type ('ulture Collection (Rockville. 

id.) strain representing l)NA hyhridizalion grotI p 8Y were 
included as controls (Tablc 1H.The strains were tainmlaincd 
at -70"C' in tryptic ,o brolh (4)ifco laboratories. I)etroit 
M ic h.) w ith 1(0"fglyc ero l a d d ed . 

Strain characterization. Strains which oxidase posi-were 
tive and resistant to Vibriostat (/129: 150 (hg/nl; ()xoid, 

* Correspondintg litfor. 

('olumbia. Md. were presumptively placed in the A. hydro­
phila complex with tile API 20 (Analytab Products. Plain­
view. N.Y.). Identilication to the species level was accom­
plished by tising conventional methods 42, 6, 10) and media 
(Rernel. Lenexa. Kan,.). ()rnithine Aecarboxylase produc­
tion. mannitol fermentation, and indolc production were 
included to screen for the newver species, A. veronii and A.
.w/tuhrtii. respectively. All tests were incubated at 36' ± 
1C. Ivrin/llllidase activitv was assayed by ising a slip­
plied meditm thal containcd tryplic soy agar 415 g: l)ifco). 
yeast extract (1.5 g: Sigma (henical Co.. St. llouis, Mo.), 
and Tris-malcate (1.2 M. pl 6,5() ril) buller and pyrazina­
mide (0.5 g: Sigma4 and was dispensed in 5-nil aliot ls into 
screw-cap tubes 416 by 150 nun). aitoclavcd at 121"C for 15 
rin.and slatted (Rencl. These slants were inoculated with 
18- to 24-I bacterial groth taken from tryptic soy agar 

+
(1)ifco) aid incubated tbr 48 I at 36zC. (ne milliliter o 15
 
(t/'ob dreshly prcpared ferrous ammonium slfate (aqu -


Freshly stindtt

ons) soht ion was flooded over each slant, and a positive
 
(pinkish rust color) or negative reaction (colorless) was 

recorded after 15 rnin. Positive pyrazinamidase activityindicated (lie prest,.ncc of' pyrii/inoic acid restulting front fthe 
incaedlte enzyme prazriicace foth 

nc fain re st iniiyrtili ncrni;terto monads as disease -can singInc rea singteinit erest the d 474. ase 
microorganisms has resulted in ntlmerous ellorts to identify 
these microorganisms definitively (4). Because of the current 
state o ftax on ic conlii Silsu rott i ni ft) 0MI S ,we 
considered it inperitive to start with smraits that were wellc ni ee li p rlv ot m \ih sri st a \ee\'l
 
characterized to tlie Wespecies level. screened 119 well­characterized Av'rottiona strails representing five speciesfto iariots geogra phiCill tor pyN~i/ i idiase activ­

psiy. f the 37 A. hyIropohiiisolatisted. 35 )rwertes 95vi;
positive. Both of' tileiegativc stratins %%ere environmental 
isolates from (lie tLnited S';tes. Similarly. 4') o 53 (9Y,) A. 
cara, were positive. Negative pyrazinamiuiase activity was 
dtected in 23 of 24 (96' ; A. %obria and in2 of 2 4100, )A. 
IT iiarid 3 of 3 41001';I A. s(/tilirtiistrains tested. The 

isolatesstere lAnaihn calstrains i'ronrNorth Africa.
 
U~singil thete chti-squtarehututma fecalinsgouitiecss-ui'-fit itest, t A a. estab­i4was 

lished that the proportion (percentagc) of positives was 
dillerit atuotg the tlute species A. hvi/ropl, A. Aaria 
ad A. au'uu. 1iithir esiiinatiit of the data implied that 
A .s o ri tt , I thc r o nt il i oth e i ie lh,ll 

0.00 wt1).
 
our findings siuggest lm~it p vrinaitmidase activity cotild be 

a valuble phenotypic marker to assist inthe differentiation
of A. A /ti t froti rolf/ilo anltd t 'iati.l' A. lil A. We propose 
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TABLE 1. Sources of Aerotnonas isolates We thank J. Michael Janda for valuable discussions, Marie Ilead 
and Afsar All for technical assistance, and Nancy Cox for prepara-

No. (if isolales lion of the manuscript. We also thank J. J. Farmer Ill for donating 
Organism Ntis- En- the DNA hybridization group definition strains used in this study. 

Fecal viron-
ucous mental inary grant I)!IE-5542-(;-SS-7029-00. 

(n) ATCC" lood Wound celia- Voter- This work was done tinder Agency for International Developnent 

A. hydrophia (37) 1 0 15 12 2 5 2 	 II'IRATI'RI CITEI) 
A. sobria (24) 1 2 0 1 1. Daily, 0. P., S. W. Joseph, ,1. R.I. Walker, B. R.20 0 	 C. Coolbaugh, 
A. caviae (53) 1 1 41 4 1 2 3 	 Merrell, I). NI. Rollins, I. J. Seidler, R. R. Colwell, and C. R. 
A. veronii (2) 1 0 0 1 0 0 0 	 Lissner. 1981. Associattion of .1hcromona .%ohria witl human 
A.schuberii (3) 1 0 0 2 0 0 0 infection. J. Clin. NIicrobiol. 13:769-777. 

7966 2. janda, J. M. 1985. Biochemical and exoenzymnatic properties oftDNA hybridization group strains used %%ereA. Idrophila ATCC 
Aeroonto species. I)iagn. Microbiol. Infecl. Dis. 3:223-232.(group 1).A.-.ohria ATCC 90(171 ATCC 15468 (group 4),(groupHY). A. caviat, 

A. vt'ronii ACC 35624 (group 10, and A.%whubertiiATCC 43700 (group 121. anda, J. NI. 1987. Iipoll ance (f' A in %obno in Acr0­
nonas.bacteremia. J.Infect. Dis. 155:589-591. 

4. ,Ianda, J. NI., and P. S. I)uffey. 1988. Nlesophilic aCronionads in 

that 	this test should be included in fu,,,rc bi,ivtiug scl,:nt:' human disease: current taxonom y, laora lory identiication. 
anid ind'clio s, disease spectrum. Rev. Infect. t)is. 10:980-997.

for mesophilic aeromonads. It is simple to perform, and 5.Janda, I. NI., NI. Reitano, and E. I. Iottone. 1984. Iliotyping of 
positive and negative reactions are easily interpreted. A'ri,,0(.s isolates as at correlate Io dclineatirg a species-

The results obtained witi a.limited number of A. veronii associatcd diease spectrum. J.Clin. Microbiol. 9:44-17. 
and A. s'h!be tii strains suggest that this test may also prove 6i. ,joseph, S. W., .1 NI. j.anda, and A. Carnahan. 1988. Isolation. 
to be useful ior identifying these organisms. However, enumcration aid identification ol'A'r'oona.s spp. J. Food Saf. 
analysis ofaitlarger sample of these straiins is indicated bef're 9:23-35. 
a final decision can be reached. 7.Kandolo, K., and G. Watilers. 1985. Pyrazi nt Inida sC activity in 
Ithas been proposed that A.vohria may indeed he (tie Yer. inia ntrol(itiiaand related organisms. J. Clin. Nlicro­

biol. 21:981)-982.
most virutlent of the aeron~n :ds causing humanl disease (1. 8.Konno, K., F. NI. Feldmann, and W. Mrlt'rmott. 1966. Ilyra/i­
3). These observations, combined with the success obtained niarlide susceptibility and amidase activity of' tubercle bacilli. 
using pyrazinamidase activity as a test for virtileice of' Ann. Rev. R spir. I1is. 95:461-419. 
clinical Y'tr.%inia cnticrocoliti a trains (G. P. Carter, I. K. 9.Kuijpter, E. .. , A. G. Sleigerwalt, I.S.C.I.M. Sclomenmakers, 
Wachsmuth. V. L. Miller. S. Falkow, and J. J. Farmer III, NI. F. Petters, If. C. Zanmn, and I)..1. irenner. 1989. Phenotypic 
Abstr. Annu. Meet. Am. Soc. Microbiol. 1988, ('147, p. chruaclerii'ation and I)NA relatedness in humnan fecal isolacs of 
356), suggest that negative pyrazinainidase activity might Ac'romonti/ spp. J.Clin. Microbiol. 27:132-138. 
also be a new virulence-associated marker specific for A. 10. McFaddin, 1. F. 1980. Itiochemical tests for ideiifcatiin of 

two most described The Willi;. 1alli­sob:ia and the recent lv human path - medical batcIria. 2nd ed. s & Wilkins Co., 
gi: ns A. veronii and A..schubvrtii. war- r. 1. T., C. Pollice, L. Ilaklesdale. I yraiineFurther studies are 1 Stilea, NI. and 1980. 
ranted to determine the nature of' this association. i.e., carhox v1ai acItviily in (nort-t.Iaerjao. J. S nt..'ise 	 Int0. 
whether or not negative pyrazinamidase activity is related to fiacteriul. 30:460-472.
 
the presence of a virulence plasmid or some other as yet 12. Tsukannura, Ni. 1982. Numericad analysis of the laxonoly of
 
undetermined property of these species. Nocardiac and rhodococci. Nlicrohiol. lniiiunol. 26:11(11-1119.
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I. Taxonomy, typing and isolation 

Aerononas update: New species and global distribution 

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

Departnwt of Microhiology, University of Afar h/nd College Park (Aaryland 20742, USA) 

Sunmarv. There are currently eight proposed or validated Aeromonas spp. of which five have been implicated in 
human disease: A. I.|'drophia,A. sohria, A. caviae, A. veronii, and A.s(huberli. 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../anhi and A. troia, from diarrheal, wound, blood and environmental sources. 
KeY words. Acro1ronas: taxonomy: biotyping: clinical. 

Acromonads are oxidase-positive, polarly flagellated, 
glucosc-fernenting, facultatively anaerobic gram nega-
tive rods tha: are resistant to the vibriostatic compound 
0 129 and autochithonous to aquatic environments 
worldwide .,". There are currently eight proposed or val-
idated phenotypic species or plienspecies that reside 
among at least 12 I)NA hybridization groups or 
genospecics 2. The genus consists of psychrophiles and 
nesophiles fron aquttLic and soil environnents encomi-
passing a diverse disease spectrum anong many warm-
and cold-blooded animals'. 
The earlier literature focused on all aeronlonads as 
,.'rontionalh(Ihophia, but several large studies have 
shown that the majority of clinical isolates fall within 
three species 2. 1 ._feroin o11s hdro-/hi/a (roup I), A. 
Sohria (group 8), and /. caviav (group 4). lHowever, in 
recent ycars two new species, I. vcronii(group 10) and A. 
schhertii(group 12). were proposed as possible cauises of 
human discase ', and one new environmental species. A. 
eucrenophila (group 6). was delineated . 

A. reronii (group 10) was originally published as a new 
I)NA group ofornithine decarboxylase-positivc, esculin-
positive, and arginine dihydrolase-negative acromonads 
that may cause diarrhea . lowever, they were later 
found to be genetically identical to I)NA group 8 A. 
.Wohlria. This group ilulides neatrly all clinical . sobria 
isolates hybridized to date. Since the type strain for A. 
.ohria (ClP 7433) resides ill )NA group 7. it is now 
considered that [)NA group 8 A..so/'ria is an ornithine-
negative, esculin-negatlive, and argininc-positive bio-
group of A. veronii (,AI.veronii biogroup .sobria). 
A. schuhertii (group 12) is also it new DNA group of 
nannitol-negative, indole-negative iteromnon;.tds isolated 
from tranurmatic wouRIs and blood ". A. etcrenophila wits 

proposed its a new species with the type strain AT'CC 
23309 and is actWIlly an aerogeaic, isychrotrophic iso-
late from fresh water formerly identified its an A. cail-
Ut' 

Research on i large number of geogramphically diverse 
Acromonas strains at tlie University of M lt'ylatlld Ilits 
extended the sotr'_'e ofisolation arnd geographic isolition 

of' A. veronii biogro~lp ivroniiand A. schuheriii withl tile 
isolation of strtins from trt umatic wounds incurred in 

and around the Cnesapeake Bay area of the United 
States (A. Carnahan, S.iBehramr, A. Ali, D. Jacobs and 
S. W Joseph. Systematic assessment of geographically 
diverse Aeromonas spp. as a correlate to accurate biotyp­
iag. Abstr. Annu. Meet. ASM 1990). 
Further, the existence of two new po:,sible species was 
determined from this numeric taxonomy study. The 
first was the delineation of a cluster of nine 'csculin and 
sucrose-negative' A. sohria. These were found on both 
the East and West Coast ofthe 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. sohria and are proposed as Acroniomas jatn­

4dati . 
Tile second possible new species arose from a sec­
old cluster of thirteen 'esctlit-hydrolysis and Voges­
Proskaucr-negative, and cellobiose-positive' A. sohria 
that were, inl addition, sensitive to ampicillin and ca.rbeni­
cillin, an extremely unusual trait for clinical aeromonads. 
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
iiens. 'fhe nomenclaturc strain, Al-12, was hybridized 
against all existing DNA group definition strains and 
found to represent a new and distinct I)NA hybridiza­
tion group of aeronlonads isolated from clinical speci­
miens and are proposed as A. 1101o (unpublished data). 
Previous studies have suggested that species-related dis­
case syndrones may exist among ierononlads, such aS an 
association between A. sohria and bacteremia and A.7 

cauviae and pediatric di:irrhea I . Therefore, it cai nnot be 
overstresscd that accurate biotyping of all aeromonad 
isolates, regardless of source and location, should be at­
tempted tisi t ridnard methodology and media. Only 

then can the it .- significance of these newer species be 
determined and tusd to ev'lua te the piathogcnic mecia­
nisrnis and virulence potential of these engimatic, aquatic 
unlicroorgtnisris. 

* ('urrcnt dres: Anne Arundel Medical U"n-ir. Miciohiolopghi IDe­
parnient. I[ri-!.i,, :!-l (.;tL nial Suctls. Anapolis (Maryland 
21410, U SA).

I Altpgg, N.., A'rsmionas (awAe: an enteric pathogen? Infection H 
(1985) 229 23. 
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Methods for the identification of DNA hybridization groups in the genus Aeronlonas 
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Summarv. 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. ,erononas; DNA hybridization groups; assimilation, ribotyping: isoenzyme analysis.
 

According to Bergey's Manual of Systematic Bacteriolo-

gy 13 the genus ,lerononascontains the three mesophilic 

species, 1.hldro mila, .4.caviae and A.sobria, as well as 
the psychrophilic species A.salnonicida with the three 
subspecies salnonicida, achromtogenes and masoucida. 
Since then, several new entities have been descrihul 4I. 
media , 4.veronii , .. ewcrenophila ,-I.schuheriii7 , 

and A. almonicidasubsp, smithiae4 .However, these spc-
cies still do not reflect the genetic complexity ofthe genus 
and they do not always correlate with genetic data, e.g. 
DNA hybridization values " (and F.W. H-ickman-Bren-
ner, G.R. Fanning, M. J. Arduino, 1). J. Brenner and 
J.J.Farmer III, Abstr. Int. Workshop on 4eromonas ald 
Plesiomonas, p. 51, 1988). The currently known I)NA 
hybridization groups (1I-IGs) are made up of strains 
classified into the following phenotypic species.3,1: 
DHiG 1,.4. hwi-lrophihz; I)IIG 2, i. hyih-ophil DG-I 3, 
,,.h.t'drohilo and /1.salonuicidta; )IG 4, . ca iae; 
DHIG 5A, ,T-caviae: DIIG 513, A..caie and T.media; 

lar to .4.schuhertii but indole-positive and lysine-nega­

tive have been found and were rcfcrred to as 'AIeromonas 

group 501" .Most probably, there are still other as yet 
not described DNA hybridization groups. 
Phenotypic characteristics allow identification of the 
natned species .3 5.7 , 10. 13. " but inly I'w tests have 
been described that may aid in the separation of the 
various DHIGs within these species 3.We have, therefore, 
evaluated three completely different methods for their 
ability to separate the various DHGs in the genus 
Aeromonas. 

We have analyzed 168 Aerononas strains, belonging 
mainly to those I)-IGs that occur in clinical specimens 
(only strains of DI-G 6 and DI-G 7 have not been found 
in clinical specimens so far), for their ability to grow on 

DI-IG 6, ,. eucrenophil;I)HG 7, ATsobria; -IG8, ,1.minimal tmedi um supplemented with different substrates. 
solria: DItG 9, A,.sobria, 0 ,I. , eronii (I)HG 8 
and l) I 10 have been shown to share enough I)NA 
homology to be included in the sa ie I)NA hybridization 
group, I)IG 8/10); I)G II, 1. veronii-like strains; 
DHG 12, A.schuhertii. Two strains phenotypically simi-

For this purpose, commercialized as well as research gal­
leries in the form of either the API 50 or the API AT 
strips were kindly provided by 1). Monget (API 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 Maryland in an Aeromonas 

taxonomic study, for which a clinically useful identification schema was developed 

(Carnahan et at., 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 167 

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 eta., 1991). 
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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 automatically 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: 
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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. 
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Visual Data Display 

The Visual Data Display (V.D.D.) isan 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 different 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 inthat the latter 

employs a sma!l sub-set of the total r.umber of tests and weighs each test differently. 

While this may be useful in a clinical setting, there may be tives 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 result. 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. 
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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 

etal., 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 acquired ATCC and reference strains of some recently 

proposed species (n=18). The reference strains obtained included the following 

phenospecies: A. veroniibv. veronii (n=4), A. schubertii(n=3), A. jandaci(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 al, 1991). 

DISCUSSION 

Data Management 

F.L.O.A.B.N. provides special sub-routines for the rapid generation oftaxonomic sub-sets 

from any database already entered into the system. There are a great number of 

approaches by which a database could be 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 

ofclinically relevent clusters for analysis. 

Identification Keys 

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 

identificatioi 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). 
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Simple Matching Algorithm 

This approach to identification would be most useful ina 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 nentor should perform to delineate the identity of the unknown O.T.U. 

System Flexibility 

The F.L.O.A.B.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, F.L.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.O.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 
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on a protocol for the sharing of taxonornic 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.O.A.B.N. 

Clinical Laboratory Utility 

The success of the two identification strategies suggests that the validity of the procedure 

isdependent 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. 
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ProEram Name 	 Description 

Micron 
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 
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.
 

Flowchart Graphics Viewer 
Permits graphical representation of identification key formed 

by the F.L.O.A.B.N. Editor/ Analyzer. 

Visual Data Display 

Permits graphical representation of the frequency computations 
bv the F.L.O.A.B.N. Editor/ Anaiyzer. 

Provides an alternative identification procedure involving 
"simple matching." 

Initial Info Files 
Auxiliary files necessary for the proper function of Micron. 

Data 
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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Figure 2 Integrated relationships of various F.L.O.A.B.N. modules along with sample screens from each module. 
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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. is displayed at the right.
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1. Determine size of matrix 

la. Count number of tests. 
lb. 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 1-1.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 key. 

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. 
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Figure 6 Sample screen from V.D.D. module comparing new O.T.U.
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Figure 8 A dichotomous key demonstrating complete 
identification of 15 hypothetical clusters, using only 11 
tests. Note that some tests appear at more than one 
branch, minimizing the total number of unique tests 
required. Clusters represent fictional data and are not 

statistically valid. 



Table 1 Partial listing of raw Aeromonas data as enterec -nto F.L.O.A.B.N. Actual matrix
 

dimensions were 160 x 50. 

Test 
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0/129 String 
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Table 2 Partial listing of the frequency table compiled from 18 clusters
 
from the Aeromonas database using the F.L.O.L.B.N. automated procedures.
 
Actual matrix dimensions were 18 x 50. All values denote fraction
 
positive.
 

Test
 

Cluster 0/129 StringlndoLen stabB stab f3on Alpha Gamma B ALpha Gamma 
Test SBA HBA SBA on SBAon SBA HBA on HBAon HBA 

h 1.00 0.07 1.00 1.00 1.00 1.00 0.00 0.00 1.00 0.00 0.00 
b 1.00 0.00 0.96 1.00 1.00 1.00 0.00 0.00 1.00 0.00 0.00 
x 1.00 0.00 0.96 0.60 0.96 0.39 0.66 0.00 0.87 0.12 0.00 
f/g 0.75 0.00 1.00 1.00 1.00 1.00 0.00 0.00 1.00 0.00 0.00 
V 1.00 0.06 1.00 0.31 0.18 0.06 0.93 0.00 0.00 0.00 1.00 
0 1.00 0.00 1.00 1.00 1.00 0.00 1.00 0.00 1.00 0.00 0.00 
i 1.00 0.10 1.00 1.00 1.00 1.00 0.00 0.00 1.00 0.00 0.00 
kit 1.00 0.00 0.00 1.00 1.00 0.66 0.00 0.33 1.00 0.00 0.00 
C 1.00 0.00 1.00 1 DO 1.00 1.00 0.00 0.00 1.00 0.00 0.00 
j 1.00 0.20 1.00 1.00 1.00 1.00 0.00 0.00 1.00 0.00 0.00 
w 1.00 0.12 0.50 0.37 0.12 0.00 1.00 0.00 0.12 0.12 0.75 
Y 0.50 0.50 1.00 0.00 1.00 0.00 1.00 0.00 0.00 1.00 0.00 
n 1.00 0.14 1.00 1.00 1.00 1.00 0.00 0.00 1.00 0.00 0.00 
P 1.00 1.00 1.00 1.00 1.00 1.00 0.00 0.00 1.00 0.00 0.00 
q 1.00 1.00 i.00 0.00 1.00 0.00 1.00 0.00 0.00 0.00 1.00 
z 0.00 0.00 1.00 0.00 1.00 0.00 1.00 0.00 0.00 0.00 1.00 
t 0.00 0.00 1.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 1.00 

m 1.00 0.00 1.00 1.00 1.00 1.00 0.00 0.00 1.00 0.00 0.00 
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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 eighteen tests were used to 
construct a flexible, dichotomous key, Aerokey 1I, for identifying clinical aeronmonads: escnlin hydrolysis, gas
from glucose, acid from arabinose, indole production, acid from sucrose, Voges-Proskauer reaction, and
resistance to cephalothin (3) jig). This schema was initially evaluated in a single-blind trial of 60 well­
characterized clinical Aeromonas lydrophila (i = 21), A. cati'ae (n = 19), and A. veronii by. sobria (i 20)= 
strains from an independent laboratory. Of the 60 strains tested, 58 (97%) were accurately identified to the 
species level. Aerokey 11was further evaluated with 18 additional American Type Culture Collection and
reference strains representing the more recently proposed taxa A. veronii bi. veronii, A. schubertii,A. jandaei,
and A. trota and accurately identified all of these strains. 

During the past 20 years there has been a trend toward the Subsequent to this work, a new species, A. veronii (orni­
recognition of niesophilic aerononads as causative agents of thine decarboxylase positive) was proposed as DNA grotup
human disease (27). Concomitantly, there has been an in- 10, since it did not hybridize with any ofthe known Aeromo­
crease in the numbers of clinical cases reported, originating naes type strains, including that of A. sobria (DNA group 7)with sporadic case report,, ofaquatic wound infections in in- (22). However, the authors revealed in an addeLndum in proof
munoconpromised individuals and expanding to numerous to this proposal that clinical A. solria (DNA group 8) was
associations with disseminated discase (septicemia, mcningi- genetically identical to A. veronii (DNA group 1t). Thetis. and osteoniyelitis). gastrocnteritis. and wound infections dilemma is that although the species A. sobria (DNA group 7)
among pcliatric and adult populations, both immunocompro- is indeed a valid one, it is reprcsented by only a small number
maised and otherwise healthy (17. 44). This accumulation of ofenvironmental strains, including the type strain, CIP 7433.
information has attracted the interest of not only the medical toTo date, all clinical strains resembling A. sobria belong
community but also syslenatists and infcCtiouls disease re- DNA grolp 8, no: DNA group 7. and since DNA group 8 issearchers, as reflected by the publication of tour review arti- genetically identical to DNA group 10 A. veronii, what we 
ces on acromonads in just the last three years (2. 6. 27, 30). have previously idntilied as clinical A. vobria strains must

The taxonomy of acrollonads ha,, also been consltllnly now be consilereC as strains of a hiovar of A. veronii.

changing. MIajor taxoniomic stltidics conducted over the last 5 We have proposed the names A. vironiby. veronii for the
 
years have provided sonic claritication of the systematics of' ornithine decarhoxylase-positive strains and A. veronii bv.

aerononads withIrespect to the numbter of DNA Iishridiza- obria for those clinical strains that we tormerly considered
tion groups (genospecies) and phenotypic species (pheno- t the 

A. sohriain an effort to alleviate the inherent confusion andspecies) 24,31) Threeasrcnowa(s\,c csabl,,cd r rccnly more accuratelywhich cuirretlly exist amiong aeromionads (3. 4. 7. Mr CLrll reflect wvhat has been discovered at the24. 31). 'here elc hthsbe icvrda hae nowat least seven established or recently genospecies level (8). While it ay seem confusing to use the

proposed] taxb o' tle geni s Acr 'nionassociated With epithet sobria as part of the nomenclature for two distinct
 

However, o'en thlie new ad(lbtions t the genus ,hrmo- genospecies, it appears to be at present tile best solution tonos have actually contrib-uted to and even ec'ac0rbated the an already complex situation. Only in this way will clinicalexisting cotisio til the to 'i te c',ae* is iie Microbitologists aid physicians he aware that clinical strainsexisng er~ Omna (a UIXO pr oein o lhi . rnlly e p i pit 'ormerly identitied as A. obria,are now a biovar of A.species A'onias obrii. Originally proptsed by Popoll' vcronii. It is because of the strong association between these
ani Veron in 1976 on the basis of' a study o' 68 mostly to rmerIy identified A. sohria stiains and bactereniaa ind 
environmental stariins, this specie', was found to encompass because of their possession of markers for increased viru­
at least three separate )NA hybridi/ation groups (I)NA leince (26. 29) that this change in taxononlic designation must 
groups 7. 8. and 9) with the type strain. ('IP 7433. residing in rellcct whal has already been presned in te literature. 
I)NA group 7 (14. 39. 10). lowever, later taxonomic studies Although a rnaiority o' publicatiois and most apid ideni­
of large numbers of clinical isolates revealed that all clinical titication A mos'dv'pi orsolaite s that re sembl ed lie AI.s a phe nty pe weic f.otnr tilicaon systemis still Ilsethe nomenclatureA t. I ilrolahiht or 
by l)NA hybridization to actually reside in I)NA group 8 (3. A. I tydritila grot p or a yclinical Aromots isolate, the4. 7 14.24. 1).lid cof taxononlic research clearly suggest, that we have the 

.means to idetiit'y clinical aCIr0oiaLs to the species level t3, 
7. 9, 25. 39). There is also sutllicicii evidence to indicate that 

U'orrcspondilg aU lho, there are possibly species-related disease syndromes, such 
Present addmes: Anne Anindel Medical Cenier. Annapolis. MI) as the p'eviolsly mentinted bictereliia wit h A. veronii bv.21411. sobria (26). pediatric diarrhea with A. caviae (1, 36), aquaticireni addre, ,: IEastern Virginia Medical School. Norfolk. VA 

23s17. 
i: wound infections with A..ch hbertii (11. 21). and wotnd 

infect ions with A. h.\'droplih f'ollhivig the use of medicinal 
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TABLE 1. Current taxonomic staltus of Ilhe genus Acrontonas 

Genotype Phenotype 

(DNA group) lphenospecie%(' 


A. Ihdrophihl
1"................................(ATCC7966') 

/ hlti 


3................................. 

2 A......................A. 


A.saom icida 

41"................................
A. 'atitte (ATCC 15468') 

5 ................................. 
A.media 

6................................
A.eucrenophiht (ATCC23309') 

A. sohria (CI ) 7433')7................................. 

A. by. sobria' 


9". ............................... 

8/10 ............................meronii (ATCC 9071) 


jandavi (ATCC49568') 

8/1O". ..........................
A. veronii by. \cronii (ATCC35624') 
It ...............................
Aleromon.t
spp. ornilhine decarbox-

ylase positive (AT'C 35941) 

12"..............................
A. shith'riii(ATC("43700')
13 ...............................group 501 (ATCC 43946)A 'romonton. 


A. trota (ATCC49657')14" ............................. 


Sirains in parentheses are type (I)or representtike strains. 
Genospecies isolated 8. 10. 21, 22.Iront clinical specimens (3. 4. 24). 
Formerly identiied aisclinical A.. ,ihria. hutgenetically identicalitA. 

v(er,(3,8.22. 

leeches (42). This variability in pathogenicity. coupled with 
the existence of different antibiograms among the species, 
e.g., resistance to cephalothin (28) or susceptibility to anipi-
cillin (10), could affect a physician's subsequent stccessftl 
treatment of a patient. However, no previous studies have 
resulted in a workable identification schema f'or the mcso-
philic Acromonts species associated with human disease. 
Hence, most clinical isolates are still identified as either A. 
hvdrophil or A. hydrophila group whether conventional 
methods or rapid identification systems are used. 

The obJective of this research iwas to examine a large 
number of' clinical Aervtona.v isolates from diverse clinical 
and geographic sources and use the f'requency matrix of test 
results from a numerical taxonomy analysis to develop a 
highly discriminatory subset of' tests These tests (in 18) 
were then used to construct a flexible dichotomous identifi-
cation key, Aerokey (proprietary technology), that with only 
seven tests allows ,, clinical laboratory to accunrately identify 
Aetomonas isolates to the species level, 

(Part of this work was c:tiv'uclcd by A. M. Carnahan in 
partial Fulfilment of (lie requirements for an M.S. fron the 
University of Maryland, College Park, and was subsequently 
presented at the 3rd International A 'roon./ficnh nt 
Symposium, Helsingor. Denmark. 5 to 6 September 1990.) 

MATERIALS AND METIIOI)S 
Bacterial strains. One hundred fifly-two strains, initially 

received froni 1985 to 1989 as A'roitonas spp., were used 
for this study. They were collected inseveral geographical 
regions, including the United States (it - 78), northeastcrni 
Af'rica (Somalia, the Sudan, and -gypl)(it 50). Blangladesh 
(it= 19), India (I - 1), Indonesia (I - 3). and Puerto Rico 
(i 1). The majority of' the strains came f'ronatvariety of*a 
clinical sources (t - bilut were veteriinary (it 8)131), stme 
or environmental (a - 13) strains. All major American Type 
Culture Collection (ATCC) type strains, the ('cnlers for 
Disease Control reference definition strains for )NA hybrid-
ization groups 1,2,3,4. 5a. 5b, 6. 7. 8X,9,10, 11. and 12. 
and ATCC reference stra ins for A. ve'ronii hv. sohbria (I)NA 

J.C!IN. MiRcOBIoL. 

group 8Y) and Aerwnomnas group 501 (D1)A group 13) were 

included itscontrols. 
The strains were stored at -7 0'C in Trypticase soy broth 

with 10% glycerol (Remel. Lenexa. Kans.) and subsequently 
subcultured to tryptic soy agar (TSA)plntes (Becton Dick­
inson Microbiology Systems. Cockeysville, Md.) and incu­
bated overnight at 36C. Unless stated otherwise, all analy­
ses were performed at 36 ± VC . 

Presumptive identification. All strains were initially 
screened by using the following tests: oxidaseGram sl:,in, 

activity (1;( solution of' p-arninodin ethylamline oxalate; 
Dif'co, Detroit, M ich.), glucose fermtentation using a triple 
sugar iron (TSI)slant, motility by 'wet mount" after incu­
bation at 25C, and resistance to 0/129 (a vibriostatic agent) 
(15)) [Lg/nl; Oxoid, Ogdensburg, N.Y.). Only those strains 
that were motile, oxidtase positive. glucose-fermenting, 
0/129-resistant, granm-negative rods were considered aero­
monads. They were then presumptively identified as belong­
ing to the A. hydrophi/a group with an API-20)E strip 

(Analytab, Inc.. Plainview ,N.Y.).
 
lBiochemical phenotypic markers. Each strain was further
 

examined for produclion of dill'usible pigments on "'lSA:
 
indole production (both Kovacs's and Ehrlich's methods):
 

esculin hydrolysis: groVtli in KCN: acid production from 
arabinose. sdicin, mannitol, and sucrose: production of' gas 
from glucose: production o'ornithinC decarL ixylhse: String 
test (201): rbutin hyd'olysis (16): and HS production fnoi 
cysteine with I modified gelatin-cysteinc-thiosulfIatc (GCF) 
medium (43). Additional phenot pic tests tfiat have been 
associated with specific biotypes or w±'df as potential viru­
lence-associated markers were also evalaledl. lic,,e v'rv 
lysine decalboxylasc production, the Voges- Proskauer rcac­
tion. hemolysis on TSA plates with 5'; sheep blood by 
streaking and stabbing, henolysis on TSA plates with 5 )4 
horse blood by streaking lind stabbing. acriflavine, agglutina­
(ion (32). autoagglutination (29). production of a CAMP-like 
factor (aerobically and ana:robically) (15), ccphalothin sus­
ceptibility (28). and pyrainamidase activity (9). 

Excluding the tests on the API-20F. strip and those refer­
enced above, all tests werc pcrlforeld by conventional 
methods (13, 34) bascd on the ,anda modification (25) of' the 
original schenia of' Popoll" and Veron (39) with ruedia and 
reagents supplied by Reme. lBoth positive and negative 
control Aerontomos ATCC strains were included for each 
test (Table 1. Footnote h). 

Comparison of test methods. Several of' the tests (n = 11) 
used in lie initial phenotypic analvsis of' these strains were 
performed 1 two or sometimes three difl'erent methods, or 
with diffcrenit ncd: a f'ormuhations, in an efftort t(idLtermine 
whether the results were comparable to each other. 'l'hese 
results are listed in Table 2 as percent positive feature 
frequencies (pi-ccntage of strains giving positive results) for 
the difllrent met hods or nicdia used. 

Antibiotic resistance markers. MICs were determined for 
17 antiniicrobial agents in i 96-well microdilution plate 
(Grani Negative PIancl 7: MicroScan Division, Baxter 
Hcalthcalrc Corp.. Sacramento, per the matiul-West ('alil'.) 
icttircr's instructions. In ialddition to these 17 antimicrobial 
agents. the MicroScat panel tested for it'growth" or "no 
growth'- response against the antimicrobial agents colistin, 
nitrofrantoin. kananiycin. nid penicillin ill single-dilution 
wells. The i I(' results were recorded both niuially and 
with an AutoScan-4 ICidcr %kitlh coniptiter-assisted analysis 
by an IBM IS/2 Model 60 which provided interpretations in 
accordance with the guidelines ol the National ('ommittec for 
('linical 1. boiratiory Staii darid (NCCLS) (37). The anlimicro­



VOL. 29. 1991 AI'ROKEY I1 FOR IDENTIFYING AEROMONAS SPECIES 2845 

bial agents whose MICs were determined were amikacin. 
ampicillin, cefazolin, celoxitin, ceftazidime. cefltriaxone, cef-
uroxime, cephalothin, ciprofloxacin, gentamicin, imipenem, 
piperacillin, tetracycline, ticarcillin-potassium clavulanate, 
licarcillin, tobramycin, and trimethoprim-sulfimethoxazole. 

Cephalothin susceptibility wits also tested by the Bauer-
Kirby agar disk diffusion method (5) using a 30-rig 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 51 ( but less than 95"(. Consequently. only 
the results or 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 Sea Grant College, College Park) (in an IBM 4381 
mainframe computer by using the simple matching (Ssrj)
coellicient at a similarity level of 85' ; to delineate clusters of 
strains that represented distinct phenospecies (7). Only 
those clusters which represented the established and pro-
posed clinical species were used to construct Acrokey I1,11A.
and each cluster contained the appropriate ATCC or DNA 
definition group strain for that phenospecies. These clusters 
were composed of A. tvdrophi/a (I = 46). A. cavitif In = 
33), A. veronii by. sobria In - 26), A. veronii bv. veronii (n 

4), A. vchithertii (in 3), A.janda(i (n - 4) and A. trota 
In = 7). Once the phenotypic clusters were determined, a
frequency matrix was constructed from all of the test results 
(percent positive results of each )Ifthe clusters) on an IBM 
PS/2 Model 5(1computer using a FREQ program written in 
BASIC by one of the authors of this article (S. Behram).
Next, the data base was searched for those tests whose 
Frequencies ol positive results were above 70(Y or below 30W 
For these specilied clusters. Only these tests were used in 
constructing the identification keys. 

FLOAiIN, a greedy algorithm program. Another computer 
program, FLOABN (For Lack of a Better Name), which 
used the frequency data from the SAS/TAXAN analysis, 
was written in BASIC by S. Behram as a modified version of 
a recently published Pascal program 133). The FLOA13N 
(proprietary 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 each level from a number of equivalenl, 
first-choice tests based oni media and methods available in 
clinical laboratories. For this study, several diflerent runs 
were conducted with many diflerent equivalent tirst-choice 
tests at each level, and the result was a small subset (in 18) 
of highly discriminatory tests (Table 3). 

Aerokey t. The cltsters initially examined by FLOABN 
were those that cncompassed all of the DNA hybridization 
groups and ATCC type and rcferencc strains (in 17). This 
resultel in a dichotomous key. Aerokey 1 (7), that uses 12 of 
the original 50 tests to separate all currently recogniied
genospecies (I)NA hybridization groups) except DNA 
groups 2 and 3 (data not shown). Becatise tihe collection of 
strains often had only a single sturain to represcnt the rare 
environnental genospecies, e.g., A. e'trcniophila and A. 
media (7), Aerokey I should not yet be considered statisti-
cally valid for the identification of every genospecies. 

Oxidase-positive, Glucose-fermenting,
 
Gram negative rods, resistant to 0/129
 

Vibriostatic Agent (150 14g)
 

Esculin Hydrolysis' 

+ 
Indole Gas from 
Production Glucose 

(TSI) 
- + .. + 

I 
A. schubertii 

Voges-
cavia Acid from 

Arabinose 
Proskauer 

+ 
+ 

A ttrota Resistance A. yrlha 
to 

Cephalothin 
(30 jg) 

Acid from 
Sucrose 

+ + 

A. iand,ei 

A_.veronii A. vero ii A. 
biovar biovar 
sobria veronii 

FIG. 1. Aerokey I1 idcntiiction key for clinical Aerotoonax 
species. a, agar fornulation only: b, Aerokey II can be modilied to 
end here with an identification of A. veronii bv. sobria; c. t3aner-
Kirby disk diffusion method only. 

Rather, it was constructed to serve as an experimental 
guideline for those laboratories attempting to identify large 
groups of aeronmonads from clinical, veterinary, and envi­
ronmental sources lor taxonoinic, epidemiological, or viru­
lence-related studies (unpublished data). 

Aerokey ti. Subsequently, the FLOABN program was used 
to examine those clusters that represented all even clinical 
Aetoonas taxa: A. hvdrophila. A. caviae. A. veronii by.
sobria. A. veronii bv. veronii, A. schtthertii, A..jandht', and 
A. trota. This process gencratlcd Aerokey II. which contains 
seven tests for identification to the species level (Fig. 1). 

The validity of Aerokey II was first evaluated For the 
identification of the three mesophilic Aerontonas species 
most commonly encountered in clinical laboratories. This 
was accomplished tlhrough a single-blind trial of 60 arbitrar­
ily chosen clinical Acromonas isolates from tle private
collection of an independent laboratory (Table 4). The 
strains had already been extensively phenotyped, but for this 
study they verc identified by code number only and accom­
panied b-y the results for tle seven tests used in Aerokey Il. 
These tests were for esculin hydrolysis, gas from glucose, 
acid from arabinosc. indole producliton, acid from sucrose, 
the Voges-Proskaucr reaction, and resistance to cephalothin 
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TABLE 2. Results of comparative test methods and media medium. Bile esculin hydrolysis agar was found to be 

No. ('; of strains equivalent to esculin hydrolysis agar in sensitivity and 
Test and medium testing positive specificity, with no false positives or false negatives occur­

in = 167) ring on the bile formulation medium (Table 2). It can be 

Esculin hydrolysis (EHA).................................114 (68) concluded that bile esculin hydrolysis agar, available in most 
Bile esculin hydrolysis (1t A) ......................... clinical laboratories identificatit, of fEntero ocus114 (68) 	 for the 

spp., can be used for identifying aeromonads. However, it 
Gas from glucose should be noted that the evaluation of two different rapid 

TSt ............................................................identification system s' esculin broth formlation, using these91 (54) 

1'tAndrade's broth with 90 (54) same strains, resulted in a large
)urham vial ............. 	 number of false-negative
 

reactions (no 	 black precipitate), and therefore the broth
Cephalothin resistance 

Bauer-Kirby method .....................................119 (71) 	 formulation is not considered comparable to the agar formu­
lation pending further studies (7).MicroScan M 	 method.....................122 (73) The production from
of' gas glucose fermentation was 

1ysine decarboxylase evaluated by examination of an 18-h TSI slant as well as the 
API-20E .....................................................conventional tube AndraLdc's broth with 1/102 (61) method using 

Moeller's method .........................................dextrose and a
97 (58) 	 )urham vial for detection of gas. The TSI slant 

and butt results were determined after 18 to 24 h at 36C,
Ornithine decarboxvlase while the Andrade's broth was incubated for 72 h at 36C. All 

AI'I-201 .....................................................but one of the 167 strains tested yielded identical results in the11 (7) 

Mocllers niLthod .........................................
5(3) two tests, with one strain being considered positive with TSI 

itie of TSI for gas production is asIndole production only, suggesting that the 
API-2t)E .....................................................158 (95) sensitive as Andrade's broth w ith a Durham vial. 
Kovacs's reagent on TSA with 5%sheep Susceptibility to ccphalothin was determined by both the 

blood ......................................................M IC dilution method (M icroScan) and the Bauer-Kirby agar156 (93) 
disk diffusion method, aind the only discrepancy was thavt 

Voges-Proskaucr three strains shown by tileI IC method to be resistan to 
A111.20E ....................... .......95 157) cephalothin were shown by the disk diffusion method to be 
MR-VP1' broth .............................................susceptible. However. if resistance to ccphalothin is to be87 (52) 

used in Aerokey II as a differential test, only the stlndardAcid from arabinose 
API-20) .....................................................Bau&r-Kirb. should employed Iurther92 (55) method be pending 

1 ; Andrade's broth ......................................
96 (57) evaluation. This recommendation is also made because of the 

possibility of other ma'jor discrepancies in tiledetection of 
Acid from mannitol cephalothin resistance by inducible f3-lactamascs of Avromo­

API-20 .....................................................has spp. when an MIC m icrodi!,ttion iethod (Vttck) is used156 193) 

t; Andrade's broth ......................................
159 (95) (41). 

The following tests were performed both by conventional 
Acid from sucrose methods and with an API-201 strip: lysine and ornithine 

API-2IE .....................................................decarboxylase (A PI-20L Mocller's method): indole145 (87) versus 
1";Andrade's broth ......................................production (A PI-20F versus the conventional spot indole test146 (87) 

HIS Production on a 24-h culture grown on TSA with 5' ( sheep blood and 
Modified ( 'F medium ..................................(12(61) Kovacs's reagent, but with all negatives confirmed by a 
TS1agar st,b...............................................conventional tryptone broth with xylene extraction and Ehr­5(3) 
API-201. .....................................................lich's reagent): Voges-Proskauer test (API-20E
0 ((0 	 versus methyl 

EHA. esc,,lin hdrolsi, aar; ItEt1A. bile esculin hldol.si agir 
Nt r,MR-VIP mcih ,tred-Voges,,-t'roskaa 

(Fig. 1). Acid from arabinose is present at two branches inthe 
key because of the possible existence of two distinct biovars 
of A. hvdrophilh within tlie same genospecies (7). I3,hcauise of 
the rare isolation to date of the niore recently proposed taxa 
A. veronii bv. veronii A. . 'hudruii,A.fo nlIhWi. and A. trot, 
18 additional ATCC and reference strains for these species 
were obtained and tested kitli Acrokey 11. 

RESULTS 

Comparison of test methods and media. The ability of' 
aeromoinads to hydrolyze csculin was evaluated with both 
esculin hydrolysis agar and bile esculin hydrolysis agar. 
Both media were incubated at 36"C' for 72 I.This was done 
to determine the possibility of an inhibitory effect on the 
growth of acromonads by tie bile in bile esculin hydrolysis 
agar, which would preclude a positive test result on this 

red-Voges-Proskaner broth with the modified O'Meara melh­
od): and acid from arabitinose, iannitol, and sucrose (AI-2(OE 
versus Andrade's broth with 11'4carbohydrate). 

The rc..ults for the two decarboxylasc enzymes were in 
close agrcement for the two difflerent methods, as were the
results for indol, the Voges-Proskauer test. and carbohy­
drate fermentation (Table 2). The API-20F formulation was 
oftell More sensitive, e.g.. in the case of ornithine decarbox­
ylation. This suggest,, that results obtained in these tests 
%with A ll-201 strip,, (per the manufacttrer's it st ruct ions) 
correlate very well with the results obtin ablc with convert­
tional test lldia for identifying acrollonad pecies. 

IBecause produthctiot of' IIS by aerinuotilds Iias been i a 
subject of controvcrsy (18, 25. 31. 3). three different methods 
were evaluated: at72-l 1SI agar sla, a 24-li II-S test on an 
API-2tL ,trip (per the manutfacturer's instructiotis). and attest 
isiig serisolid nedita. (I tudit1. Tiis medium, a 
nodification of an original Vcron and GCi.ser niediutin. was 
inoculatCd by stlabbing aiid theniwas incubated for 72 Ii at 36 
' IVC and read at 24-l intervals. (43). The dilferences inlthe 

percentage of strains positive by these three test methods 
were readily apparent, inthai none of the 167 strains gave a 
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TABLE 3. Comparison of distinguishing profiles of iesophilic clinical Acrommueou species 

Result" kr 

Characteristic A. Imdropliia A. i'rronii by.,,1 A ieroniiby. A ii Imberiij A. jiiiidii A. iriaobria veroniihla, A A. lteti A jnai A rh(n= 21 in 5) n -- 33) 1i ) (in 9) it = 13) 

Esculin hydrolysis + + -...
 
Voges-Proskauer reaction + + + - V + 
 -
Pyrazinamidase activity + - - + ­
CAMP-like factor (aerobic + + + - - V ­

only)
 
Fermentation
 

Arabinose V - - + - - -


Mannitol + + + + ­ + +
 
Sucrose + + + + - - -


Susceptibility
 
Arnpicillin R 
 R R R R R S 
Carbenicillin R R R R R R S 
Cephatlothin R S S R S R R
 
Colistin" V S S S S R S
 

t)ecarboxylase
 
L.ysine + + + - + + +
 
Ornithine - ­ + .... 

..\rbutin hydrolysis + - + + - - V
 
Indole + 
 + + - + +
 
II S, + + + - ­ + +
 
(ilucose (gas) + + 
 + - - + +
 
Ienulysis (ISA with 5r, + + + V + + V
 

sheep erythrocytes) 

S. positi.e for -7'; o isolates: -. negative. i.e.. positive for <30',; of isolales; V. variable; R. resistant. S, susceptible.
 
MIC ) ingle diltilion). 4 ig'rn[
 
i .ts from (('l nlediillin.
 
Modified fiton Table 4 of iclrence tII vI ith permission.
 

positive result for 1-,S production with the API-20E strip and numbr of strains. Also, a taxonomic study of a lar,-e 
only .' (3(;) gave a positive result with the TSI slant (Table 2). number of clinical strains by Altwegg et al. found 16% of the 
With the modified GCF medium, 102 i61%.; I of the 167 strains A. veronii by. sobria strains tested to be positive when the 
were positivc for IS production. Further, the results ob- CAMIP-like test was conducted anaerobically (3). 
i:ined supported the HS production test is one that can Evaluation of Aerokey 11. When Acrokcy II was used to 
dill'erentiate between the ,spccics, as originally stated by identify the 60 coded clinical strains received hom the 
Popo l'and Veron (39) and later supported by Janda (25). That independent laboratory, 58 of"60 (97 I of the strains were 
is, all ofthe SASTl'AXAN-phenotypcd A. hvdrophila and A. correctly identified to the species level. Only two highly 
vironiih. sohria strains were positive (1)1'%,) for 11,S, while atypical A. veronii by. sobria (esculin hydrolysis positive 
all of the A. caviatu strains were negative. Therefore. produC- and cephailothin resistant) strains were incorrectly identified 
tion of' I,S can he a usucll test for identifying clinical as A. hyudroplhil, (lable 4). It is interesting to note ithatone 
acrononads ilf modified (iCF medium is used, strain identified as A..jonhwi by Aerokey 11 had been 

Another controversial lest is growth in K('N broth as first 
propo,.cd hy Popoll' and Veron (39). Although our results 
confirmed those of the initial studk (39) its well as ihe later 
work of hinda (25). we found this test to be very subjectivc TAIII. 4. valioaiions of' Acrokev 11 
in it, interpretation and both lia.ardous and labor intensive 
in its preparation (7). The inherent discrepancies associated s t'hcnopec,t[sied identilied 

with the interprelation of gros\th in KCN broth and the 
deteclion of' I11S production rfay explain. in part. the Clinical sirain, (single-blind trial) 
variance of' our result, compared kvith those of (hlorge et il.- 6)" 
(18) and Kuijper ci il. (31) conicerning the identitication of A. hydr,,phihfl 21 21 (lOft) 
clinical A'romonuuo species. A. io'ioi' 19 19)100) 

Finally. the tnhod ol Figura and (uglichctli I'lo the A. iiiiiiii 1w. sobria 19 17i9tt 
('AMP-like test for the identification of Al'ru na% - pec'ies,s I I H )
 

was evaluated (15). We found that onlv the acrohic (AMP- AI('(' oi )NA reference strains
 
like test could accuratCly dill'Crenliale A. hyvdriIihil and it. Ii 18)
 
vrroniiby. sobria frot A. ( viai (lIable 3). In the anaerobic A. i r,nii by. veronii 4 4 1(00)
 
ctase, We often observed ia positive ('AM1 1-like "ilrow' w\ith A. iillnhii 3 3 00)1)
 
hol h A. I.' ruophilt and A. i'rllii bv. sob ria. not just A. A. Jiamhwi 5 5 0It)11
 
h.dropihia Is originally stated (15). This valiince bettctl A. rolla 6 6 )t100i
 
our findings and those originally pLhlishCd nity he tdle to thle -. I %%minulds 12i; blod I
- Soircc, (if clinical strins: Iecs ,i it in ­
fact that the original work wall conducted %it onl y a small[ 1 

i. splllhll. 1ilnt. illd clerebropil liti ­n ). Iile (i1 [ilires. f1lOllid I ei'i. 
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originally phenotyped as A. veronii by. sobria hut was 
subsequently confirmed by DlNA-DNA hybridization to in-
deed be A. jandavi ffornierly DNA group 9 A. sobria) (8). 
The evaluation of Aerokey II with 18 additional ATCC or 
DNA-hybridized reference strains of the niore recently 
proposed taxa A. ve'ro;uii by. veronii. A. w-huberiii, A. 
jahdaci,and A. Irmat resulted in all 18 (1(0; )being correctly 
identified to the species level ('Table 4). 

DISCUSSION 

While it is quite clear that aeromonads can cause a myriad 
of infections in human hosts, controversy as to whether we 
can identify clinical. mesophilic Avrconona.% isolates to the 
species level still exists. Some researchers express concern 
that there is not a suflicient quantity of discriminatory tests 
to distinguish between the clinical species or that the tests 
available are not suticiently accurate (18, 22, 24). However. 
taxonomic studies of large numbers of clinical isolates have 
repeatedly shown thIit the iialority of clinical Aeromon.s 
isolates reside in )NA groups 1. 4. and 8, which are 
phenotypically characterized as A. hydroaphih, A. cavie. 
and A. ''ronii bv. sobria (2. 4. 7, 24. 31). Additionally, 
biochemical sttlicdis of large illlbCr (f A(roMo01nw isolates 
have provided a nuniber of'tests that cain clearly separate the 
clinically significant species (3. 4. 7. 9, 25, 28, 39). The more 
recently proposed laxa A. v'rnotii hy. veronii. A..schbe rtii, 
A. Janducvi, ind A. 1rt. athough isolated ili smaller imin-

hers thus f.r, do ha1ve unustal biochemical markers that 

facilitate screening for these taxa in clinical laboratories (8, 

10.21, 22). 


However. there wa-.s no single identification schena lor 
ideiitifying clinical Av'roinna. isolates to the species level 
that incorporated all of these findings. The previous taxo-
nomic studies of large numbers of' clinical acr'omOnadS 
focused almost exclusively on f'c isohtes, usually from 
just one geographic location (3. 4, 24. 31). whcrCL:1S our1-
research encompassed a variety of clinical isolates from very 
diverse geographic locations with a smaller number of vet-
erinary and environmental isolates as well. It vas only when 
a large number of diverse strains were examined by an 
extensive number of tests using standard netlhods of ideniti-
fication with well-defined media and reagents that a work-
able identification system was developcd. When Aerokey II 
is implemented in many different laboratories, we can begin 
to measure the true frequency and distribltion of* Acromno-
has species from clinical isolatcs both within and between 
laboratories. 

The ability ol Acrokcy II to correctly identif'y 97( ; of the 
60 coded clinical isolates 1roi an independent laboratory 
and 10(0'; of" the ref'erence strains to the species level 
qualifies Aerokey II at a reliable aind accurate system For the 
idcniicalion of the Acr mlona. taxa isolated From clinical 
specinienis to datc. Additionally, use of the other discrimi-
natory tests listcd in Table 3 in conjunction with Aerokcy II 
allowks mnicrobiologists to substitute tests at each step as 
desired: e.g.. rsistancc to ccpl afOthini could be replaced 
with either pyrazinnlidase activity or ornithitie decarboxyl-
ase to diflerenliate bctvecn A. "'roiiby. veronii and A. 
hydroptil. :inally. Acrokey II ca1n be Modified to end on 
the lcflt Side of the dichotomous key with a positive reaction 
for indole production leading to - i identification ol A. 
nt'ronii bv. o ria (dashed line inl Fig. 1). should a clinical 

laboratory choose not to screen for the ncer species it this 
time. 

Aerokey II has areldy been incorporatcd at ile betch 

J. CLIN. MiCRoniol. 

level of the hospital laboratory of one of the authors of this 
article (A. M. Carnahan) and involves setting tip the follow­
ing for each Aoromonas isolate: an API-20E strip, a TSI 
slant, a bile esculin hydrolysis agar slant, an 0/129 disk (150 
i.g/ml). and a Bauer-Kirby antimicrobial susceptibility panel 
that includes cephalothin (30 jIg). Because of the good 
correlation between re+Sults derived by conventional meth­
ods and those derived by the API-20E strip method (Table 
2), four oflthe seven tests needed for Aerokey il can be taken 
fron the API-20F strip: Voges-Proskaucr reaction, acid 
fron arabinose. acid from sucrose, and indole production 
(negative indolc reactions should be conlirmed by Fhrich's 
method). However,. it is imperative that all isolates be 
presumptively identilie siAcromonta, spp. before Acrokoy 
I1 is used. i.e.. they must be oxidase-positivc, glucose­
fermenting, gram-negative rods that are resistant to 0/129 
(150 jtg/ml). Acromonads are also unable to grow in a 6.5( 
NaCI broth. It is equally important that all tests based on 
Acrokey !1 are set tip fron atpure overnight cultuLre of the 
A cromonnta isolate ta'%en Front a single colony. This proce­
dure is recommended because biochemical tests set tip 
directly from a colony growing on an inhibitory primary 
plate such as celsulodin irgasan novohiocin agar (CIN) or 
MacConkey agar may carry over minute colonics of* organ­
isms such ats Et'croc'ocus pp. that would giv,' a false­
positive result for esiculin hydrolysis at the start of* Aerokey 
II. Finally, we reiterate that the csculin hydrolysis test must 
be set tip with an agar formulation only and that the 
deternMination of' resistance to cephalothin must lc accom­
plished by the lBluer-Kirby method only. 

Because of the absence of large outbreaks of disease 
caused by Av'rounow s spp. and a single, tiisuccessftl human 
volunteer trial, we have thus lfor been unable to consider 
At'riunt.s spp. definitively as singular, significant cauns­
ative agents of liumain gastroentcritis (35). Although Koch's 
postulates have not been fIulfilled, promising research on 
animal niodcls (19, 38) ind 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 oii pathogenesis and epidemiology, we 
can begin to determine why only certain genospecies atppcar 
to predominate in clinical specimens, whether they are 
equally distributed in the environment, and nmios importantly 
what is distinguishable about those subsels of aeromonads 
within each species that appear to be capable of causing 
discase in humans. Such information will be invaluable in 
Understanding the roh' oflthe immune status oflthe host aiid, 
perhaps, culminate in succcs:Xful human volticer trials. 
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ABSTRACT 

Pig, beef, sheep and turkey fecal specimens were assayed 
for recovery of inoculated Aerontonas sp. by Jirectly plating 
the samples on five different agar media. Of these, starch-am-
picillin was optimal with respect to selectivity and alility to 
diffcrentiate from other resident microflora. Generally, tl 
numbers of inoculated Aeroinon.s sp. recovered onl starch-am-
picillin agar were similar to those recovered on brain heart 
infusion and blood atopicillin agar media, and were It0 to 
lt)3 greater than the recovery rate on either NiacConkey-ai-
picillin or cefsuho in-irgasan-nosohiocin agars. The sensitivity 
for the direct recovery of Aero~nion.. sp. from inoculated beet 
feces with naturally contaminating tuicrofora, using streaked 
starch-atnpicillin atqar niedium, was between I102 and It) cells 
per grant. Using starch-atipicillin agar. the incidence of 
Aeromioi s letected frot feces of beef, pig sheep and turkey, 
held at the lleltsville Agricultural Research Center was one 
of 32, none of 22, none of 24 and tliree of 21. respectively. 
Based upon current taxonomic criteria, the isolate frotn the 
beef feces had characteristics consistent with hh Ae'r,, lo11. 
.sobrja and A 'Iotioltas ((laVia', whereas three isolates fro., tur­
key feces were identified as A. ctiae' or Acromo as hvdro­
phi/a. [he organism was isolated front five of five packages 
of ground beef from retail siurces. The discrepancy in the 
consistent presence of the organistm in rcl:il meat suggests 
that many of the food isotlats are probably not of fecal origin. 

Aerono asi nlydroliila and Aero sona.tohria have 
hecome increasingly implicated as causative agents f 
human gastroenleritis and important causes of wound in-
fections and septicemia (2,9, /0). The primary source is 
thought to be water (12). with c(mattinated waters 
(3.13) and fish (1/) serving as likely vehicles for human 
gastrointestinal infections. 

Aeromoiia.. sp. are psychrotroph;c bacteria (/8) and 
calt be recovered frot chlorinated drinking water sam­
pies (14). In addition. A. h.droph lt is it co con-miIon tn.­
tamlinant in footd" of animtal origin (4,0-8.10). filumbo 

et al. (17) recovered the organism from virtiafly ally fin-
fish, shellfish, raw milk, chicken, veal, beef and lamb 
that they samipled. The only product failing to yield 

'U S I)rpartmetit I Agri ltliu. 

' rtti 'r %itt i Mort hmd 


Aeromtonas sp. was fresh sausage, and this was likely 

due to the high salt content of the oroduct. 
Because human gastroenteritis caused by the or­

ganism has primarily been associated with vehicles of 
aquatic origin, it seemed curious that such a large 
number of foods of anlliial origin not associated with 
the aquatic environnent also carried Aerotnonas sp. 
Yet, to our knowledge, no outbreaks associated with 
these foods have been described in the literature. Be­
cause gram-negative hunan enteropathogens are fre­

au e ra n e rr e fro n e nee ro flive s a nimals 
quently transferred fron the feces of livestock animals 
to neat tissue, which can then serve as a, vehicle for 
the organism, we became interested in tile rate of fecal 
carriage among food aninals. The purpose of this inves­
ligation was to perform an abbreviated assessment on 
the frequency of isolation in fecal specimens from these 
animals after optinizing our ability to detect Aeromonas 
sp. by directly plating livestock feces. 

NtATERIAI.S AND METHODS 

MAedia 
Five agar media were used in this study: (a,)starch-ampicil­

lin agar (SA) as described by Palumbo et al. (/7); (b) Mae­
Conkey-ampicillin agar (MA) consisting of MacConkey agar
(BIl. Cockeysville. M)) supplemented with 10 mug amlticil­
nli(Sigma. St. Louis. MO) per I.: (c) brain heart infusion 

agar ( ifco, Detroit, MI); (d) it 11-bltod-ampicillin 
(13IA) consisting of Bill agar supplettienled with 50 ml of 
del'ibrinated sheep blood (()tisville Itiotechnology, Inc., Otis­
ville, NY) and 10 tng ampicillin per I.; and (c) cefsulodin-ir­
gasan-novobiocin (CIN) agar (Gibco, Madison. WI) as de­
scrihed by Fceley and Schieiann (5). 

h 
fTheIollowing isolates of A'romonta. sp., supplied by M.landa. (Mt. Sinai IHospital. New Yutrk). were used in these 

sind ( S opi/a M Yrk). u i2 thesstudies,: A..t h.\-drolhila (MSII II ), A. iolb'ia (AISt 24). and 
A. cait , (MSII 05). Cultures were streaked onto Bill agar 
and identity confirned by the use of AI'l 201: (Analyfah. 
Plainview, NY) analyses and taxonomuic criteria described by 
Popoff ( 8). All agar plates it ?lic isolation and enumeration 
studies were incutbated at 35)('. 
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Methods 
Fecal miaterials were collected from sheep, cattle (6 to 9 

months old), pigs and turkeys located on the Beltsville Ag-
ricultural Research Center, Beltsville, Il). Samples were 
gathered from fresh droppings, except for occasional cattle 
specimens collected directly in the abbatoir. in sterile petri 
plates and returned within 15 in to the laboratory for auto-clavngS pi 15 o m,fo unrodied se n iolaionc lav i ng (1 5 ra in, 15 p s i ) or fo r u n n i odi f c d i l l iso lat i onou s e 
studies. Feces (I g) was suspended by vortexing with 9.0 il 
of physiological saline solution (PSS) cont:ining dilutions of 
overnight cultures of Aeronionas sp. grown o Bill agar and 
harvested into PSS. Serial dccinmlI dilutions were made in 
PSS and 0.I innl was spread plated onto tie five agar nedia 
described above. After overnight incubation, numbers of col-
onies oil cotIblIc plates were deterined and tiree to five 
typical colony types per plate were tested for positiv.c catalzIase 
oxidase and starch hydrolysis activities. StLubSCiicnrti, tire ISO-
lates were characteri/edcirpoerras Ahromona.s sp. baSCddeerrrrrelipon API'2t~E nalsi, ridtieseces er 
20. analysi.s, and tile compoent species were determined by 
KCN. salicin, VP. glucose/gas aid crCulii tets. Reactions 
which are characteristic of each species are shoin in Table 
I, and tre consistent with tire taxonomic criteria described by 

Popoff (18). 
The influence of a particular iredium onr tire (iuianrtitativ: 

recovery of the three inoculated Aeromnroa. sp. cultures was 
assessed both with sterile feces aind with feces containrinrg 
naturally occurring iiicroflora. This approach %kias Used ti de-
terinine which of tire iredia produced optirnal titativc re-
covery, and that level ait which the organisi COUldhbe con SiS-
tently detected by direct plating. UninOCUlatcd fecal samples 
froii tire above mentind livestock species wcre assessed for 
presence Of A'romona. sp. tusing SA inedium, \x,,ich wis de-
ternied tire most useful mediium. Tlo further verify our capa-

bility in recovering the organism, vc analy/ed five packages 

of ground beefx, hich has been reported to harbor Atroionas 
sp. (17), Iroin five retail outlets for tire 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 Atrononas Sp. which were suspended in fecal niate­
rials from four livestock species are shown in Table 2. 

' With thle exception of A . sahria in beef feces, the :rendls
b e v d f r a - o n n d r s p s e w e s i l r r s e c 

observed for . rotrronad response were similar irrespec­
ive of tile type of' fecal specimen tested. In genera! 

the Source of fecal materials had little effect on tie abil­
ity of tile organism tot produce colonies. However, both 
tile bacterial species and the ntiedia used for enumeration 
did have substantial influence oi quantitative recoveries 
(Table 2). BHHA tiediurn generally sup)orted the best 
growth of' Aerolonas Sp. yieldingi a\era'c of 7.61 
lg , C[LU per g of fece,,. The next riost prodtuctive 

inediurir HIHI. had air average of 7.27 fog CFUl per g 
of feces. Witli each of the othr mieilia assessed, there 

was reduced recovery of A. avia' or A. obria. Tie 

ditrineshed recovery Ofr"A. ca viat, and A. sobria orn these 

four media iay be explained by strain diffcrences or 
may be characteristic of these species. 

A. sobria was reco\ercd at coImsiStcrrtlv high levels 
oi H3HA. H,]-I ard S/A recovercd slightly less of the irn­
oculated organism, MA fewer \let, al l(IN iid not 
permit recovery of A. sohria It the leveis tested. [rroll 

tile sterile livestock feces inioculated viti A. h.i drop uila, 
all of the rrcdi~ tested recovered siniflar numbers of 

illicr( i rgaisllrs 
rie cicat of tie fixe redia test'd for selectivity 

anid sensitivity iti tile recovery of Acronronas sp. Iroti 
[eces is shovn in Table 2. In general, Bill and H3HA 

TABL I. . Incidence anid cla.ssificationof Acronionas sp. recovered from livesio'k fi'ece. ic.ing starch amlpicillin agarfir recovery. 

Fecal source Recoveries/Fecal samples assayed 

Beef 1/32 
Pig I)/22 
Sheep 0/24 
Turkey 3/21 

Total 4/99 

Taxonomic criteria used (18) 

Aeromonas KCN Salicin V-P GIltose/gas 

species 
hydrophila + + + + 

caviae + + - ­

sobria _h + dL + 

Classification of fecal isolates 

Isolate 

Beef - + - d 
Turkey I + + - d 

Turkey 2 + + + d 

Turkey 3 + + - d 

+ positive reaictin forr indicated test.
h+ negative reaction for indicated test. 

'd, differeitial or inconclusive reaction for indicated test. 

Esculin 

+ 
+ 

Tentative 

identification 

- A. sohrialcaviae 
+ A. 'aviae 

+ A. /'droplila 
+ A. caviac 
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media yielded the greatest recoveries of' the three bacte-
rial species tested, with SA and NIA supporting slightly 
fewer numbers, and CIN being the least productive in 
recovering aeroimonads. BIll was nonselective and. 
thereftore, nolt particularly uiseftIl f'MI recovery of' lhe 
target bacteria. BIIA. although productive, wits not dif-
ferential. While both NIA andlCIN were selective, they 
wcre moderately and substantially inhibitory to 

FT Al.. 

seenis reasonable to anticipate fewer aeromonad isola­
tions and inconsistent contmnination of neats ifonly 
low numbers are present inthe fecal materials. 

The low incidence of Aetoronas sp. isolated from 
fecal materials of lile animals sampled is shown in 
Table I . Only Iour of 99 fecal specimens sampled 
yielded idigenous A(ormontis sp. 1Iy comparison, (ray 
'MndI I.81/ of 459 fecal spxcimens fron horses, pigs, 

,'4rmionM sil.. respcct iely. IlIcontrast, SA IliCdiLIIII sheep aid coiws to contann AiounloaI. sp. (8), whereas 
was highly selective and yielded collsistcIi:i,' I" igh re-
coveries. Generally. the selective honey-yelh% colony 
colr surrounded hv a yellOW lone facilitited presumlip-
tive idenlitificationi oIfthe isolate-, alter 16 to124 hi offin-
cubation. Occasionally, it too lengthy an incubation 
ttne was allovved, tile colony ciloIlr would turn red. 
With this caveat we proceeded to ue SA iediuri] tIr 

further isolation work. 
We determined the sensitivity fOr rcIccoering ilrocu-

lated A.. o.ria and A. hdrphih friorr fecal materials 
by direct plating. At levels beyeri 2 arr(l 3 leg. ,,e 
were able to consistently iecover tie Olrganislm. Belox, 
this level 01 intOculation, tile orgaliismi 5,as diluted (uit, 
and the barcteria could not be recovered. The limit of 
the direct plating detection ict',ul is acknowledged, 
and an enricimeit method was suhscqucntly developed 
alter our work was initiated (M). We did not attellipt 
to isolate all Avromoa.s sp. present in livestock feces. 
Rather, ,.ve wanted to determine whether the organisrl 
was prorinent and widely distributed ariong those ani-
mals which \v,csamtpled. B A0'01olIIA areIcLause sp. 
consistently fmuld On tneat tissusC, we used riiethOds 
adequate for detecting the large nunibers Mich nC'..dto 

be present in feces to provide this disiribution. It also 

Morse and llird (15) isolated A. hvdrophilo from 5.7(7 
of 28(0 slaughter swine lymph nodes. The low incidence 
of'Aeromom.s sp. in red-neat animals suggests that var­
iation in excretion if the organisn among herds can be 
expected and, perhaps, cvCn controlled. ( )n the other 
hand. in the present study, turkeys had a comparatively 
high incidence of Ac'omunon sp. and the potential pub­, 


lic health significiince remai:is to be corifirired. 
Based upon the observations of lalunbo el il.(17) 

Who have conitCntly 1ouid tile organism liresCnlt il 
foods ol animal origin, we attempted to confirin cur 
niethnodology and sampled live ground beef packages 
foll retail stores fkorthe presence of tire orgariislni. 
A..,oromi.%:.p. was isolated front each of the packages. 
using the same nilimild that was used fIOrtile fecal 
snieciniems. 

I)uring pouiiltry processing, tecal Warter With human 
enteropathogens rlwv contatinate neat products by 
being distributed throtlgh Cililrr1on vater rinses. Con­
sequenitly, .ifew cirtaiiiniated birds can transmit the or­
gariisr to large rmttrbers of licoutaminaiLd carcasses. 
In the case of red neat slaughter, each cat:ass may be 
sulbjecled to contamination by its own intesinal content, 
but conparatively riiniial transfer is mtade between 

TAIIEt1 2. Quantilative rt' ov'rV of Acromonas ioculnedinto .erjli wt nofvliv liit f e (o'i i(fluei'ed h','h'lil' 
media andl!or 'omtlyling./hn., 

Siterile fecalnuilieu Noi-stcrflc localmilieu 

Reco.cry incdia" 

Fecal A,'rotIaImjs 
source species till (IN SA 

A . .obrita 
Beef 5.96" . (I) 5.99 
Pig 6.77 •4.IX) 0.80 
Sheep 6.94 '4( ) 6_35 
Turkey 8.105 4.M 7.25 

A. hydrophiht 
Beef 7.57 7.22 7.44 
Pif,, 7.94 7.60 77) 
Sheep 7.82 8.18M 8.06 
Turkey 8.66 8.37 8.37 

A. caviae 
Beef 4,99 •4.( I 4.88 
Pig 6.78 .1.(0 6.8)) 
Sheep 5,5') .1(H) (.13 
Turkey .... . 7.7') -1.1) 7 73 
"i l, brain-heart irlfusion igar; CIN, cefsuhloii-irasanr-livohicilr 
;igar;1313A, BI~ll-hlood-aiipicillin agar. 
''Meni lig,, cmlony-forning units per g of feces lor dluplicate samples. 

.I0'RNAI I0/ 1001) I'01 (ION. 

Recievcrv Iintia 

MA tIIA liIt ('IN SA MA BItA 

.4.W 7.19 7.04 4.X 6.55 -4.(X) 7.10 
5.72 7.12 (.58 -. 4.00 0.90 5.79 7.16 
6.03 7.34 6.61 4.8)M ,83 (.29 7.45 
7.22 7.91 8.29 4.51 

7.3-1 7,87 7.52 7.01 
7.57 7.78 7.')1 7.56 
8.03 8,) 8.32 7.93 
8.35 8.63 8.2 8.30 

4.75 (.0 7.(1 4.(R) 
651 7-18 7.43 ,IX) 
5.37 7.55 0.0) -1.(81 
7.55 7.72 7.90 5.8(0 

agar; SA, ,larch anmpicillii agar; 

V01 511,JAN) ARY 1987 

7.90 7.28 8.14 

8.19 7.16 7.54 
7.89 7.85 7.89 
8.27 7.'94 8.07 
8.61 8.28 8.63 

5.5. 5.27 6.03 
7.15 6.8( 7.8(0 

6.101 5,03 6.77 
7.')4 7.52 8.06 

NIA, M t(ornkey anlipicillirn 
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carcasses. Tile intestinal 

poultry lay or may not 
contamination of poultry 

carriage of Acrotn as sp. in 
be the source of Acromonas 

meat products which has been 

,. 	 J, i'J93 AEROMIONAS INLIVESrOCK F1CES' 

gbnetweiesn thse oo sp. so, m asr isce ia i nspeciation. t)iagn. Microhiol. Infect. Dis. 1:221-22. 

reported by others. The very low carriage rate of' 

Ae otioas iii red leat animals and tile processing tech-
niques used Caniiot explain the high distibution of' 
Aeromonas sp. on red meat products. An alternative ex-
planlation is nceded regarding the source of these or-
ganlns on these Ioods. Also, mn.s I")" discrlimnlating 

between those Aeromnls spJ. which are a potential pub-
lic health hazard and those which iare less capable of 
causing disease in hunans is needed. A possible expla-
nation lies in previous observat;ons (/0,19). Aerontoiuzs 
Sp. is a nmajor conponent of' tile total bacteria.l popula-

tion in aquatic environments, especially those containing 
chlorine and those which are heavily polluted. It follows 
then that itt einvironmillent whcre carcasses are processed 

with chlorinated waters, acrotOntiads have an opportu-
nity to thrive in large numbers, consequently leading to 

colonization of meat products. 
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,eromonads are ubiquitous.,J yoxidase-postre. polar 

flagellated, glucose-fermenting, 
T I' 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 duals 

with a possible link to enteric disease!' 

However. aeromonads have been isolated 

from avariety of both cold- and warm-

blooded animals, including immunocompetent 
human individuals of all age groups. 
Specinen sources include blood, bone, tissue, 

spinai ;, plecral fluid, bile, urine, sputum, 

animal bites, aqLatic-related wounds and 

stools.' 

Several studie; representing various world-

wide distributions :iave presented a strong 

case for some Aeromonas species as enteric 

pathogens,' ' despite an unsuccessful human 

volunteer trial or fulfillment of Koch's 

postulates Although Aeromonas possesses

various viruleiice mechanisms), which may 

contribute to the cause of disease (e.g., 
hemolysin, cytotoxin, elastase. protease, 
siderophore production, 5-layer),' there is still 
a lack of understanding as to why some 
aeromonaos may be more pathogenic than 
others, 

While there is some uncertainty 

!urrounding Aeromonas causation in enteric 
disease, identification of Aerornonas 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 hybridization 
groups (genospecies).' Only seven of these 
phenospecies have been implicated in human 
disease: A. trota, A, jandaei, A. vwronii 
bioqroup sobria A. veronii biogroup veronii, 
A. schruberti, A. hydrophila and A. cavae. 

Importantly, there is evidence for the 
presence oi species-related d:,eases such as 

the association between bacteremia and 

A. veronii biogroup sobria (formerly A. sobria),' 
pediatric diarrhea and A. caviae,' aquatic 
wound infections and A. schubertii' and 
wound infections with A. hydrophila following 
the use of medicinal leeches.' 

isolation of aeromonads is very 
straightforward with over 25 different media 

°having been proposed to date for the detectionof aeromonads." Most of these media * ire 

developed to enhance the isolation of 
aeromonads from stool specimens. However, 
aeromonads do grow quite readily on most 
laboratory media at temperatures r3nging from 
4 to 42'C. tney may be confused initialy with 
Escherichia coli, since they often ferment 
lactose, 

Trypticase* Soy Agar with 5% Sheep Blood 
is an 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 activity and 
testing for indole production. Further. 
observing for the presence or absence 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 pg of 
ampicillin to inhibit normal enteric flora and 
facilitate the isolation of aeromonads, which 
are generally considered to be resistant to 
ampicillin. However, these media should be 
used recognizing that there are numerous 
references to i'e isolation of ampicillin-
susceptible Aeromonas strains. The most 
recently proposed species, A. trota, is 
susceptible to this concentration of arnpicillin 
and, of those isolated to date, almost all were 
isolated exclusively from stool specimens." 

If a selective medium is desired for isolation 
of aeromonads from stool specimens, CIN Agar 
containing celsulodin, lrgasan'(Ciba.Geigy) 

and novobiocin is recommended since 
Aeromonas grows quite readily on it at both 
251C and 37°C. Also. CIN Agar allows for the 
simultaneous screening of stool specimens for 
Yersinia." Although primary enrichment is notAtogprmyench ntsnt 
recommended for the isolation of Aeromonas 
from routine stool specimens at the present
time, enhancement of low numbers ofaeromonads can be acuomplished 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 gastroenteritis. 

After initial isolation of the organisn., the 
single most important test result for 
presumptive identification is the determinazion 
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-p)sitive reactions 

can occur in media where acid production 
from carbohydrates has resulted 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. Plesiomonasand Vibrio. 

Although nearly all rapid identification 
systems can easily recognize an isolate as 
Aerononas hydophila Group or Aeromonas 
hydrophila Complex, most are unable to 
identify to the level of species 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 frequently identified as V fluvialis and 
either a salt tolerance test or demonstration of 
resistance to Vibriastatic Agent 0/129 must be 
done (Table 1). Secondly, A. hydrophia and 
A. veronii biogroup sobria, indistinguishable 
from each other in most rapid systems, require 
additional analysis (Table 2). Finally, there is a 
lack of correlation between accepted results 
for tests using conventional media as 

TABLE 1 Salient Features for the Identification of Aeromonas 
Aeromo.ai 
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compared to modifications used in the rapid ID TABLE 2 Comparison of distinguishing profiles of clinical Aeromonas species'
systems; i.e., esculin hydrolysis and
 
decarboxylase reactions." 
 A A A.veor"n A.veroni A. A. A 

However, there are discriminatory trota jandaei biogroup bxogroup schubertii hydrphda caviae
 
biochemical and antimicrobial tests that can be sobia veYnJI
 
employed to accurately biotype those species Esulin hydrolysis .- + +

of Aeromonas isolated from clinical specimens Voges-Proskauer . ,. + + V +

(Table 2)." Cellobiose + + V


It issuggested that clinical laboratories Gluconate oxidation + + ND + 
make every attempt to biotype their Fermentation: 
Aeromonas isolates 'o the level of species. Arabinose V + 
There are inherent differences in pathogenicity Mannitol + + 4 + + +
 
between species and differences in Sucrose + + + +

antimicrobial susceptibility, such as resistance Suscepthlky:


Ampriillin S Rto cephalothin, that may influence the Carberuallin S R R R R ItR R R R R R
physician's subsequent successful treatment of Cephalothin R R S S S R R
the patient." Colistin S R S S S V S

Finally. it is only with accurately biotyped Decarboxeyase:
 
clinical Aeromonas isolates that the necessary Lysune + + + + + +

follow-up studies can be conducted to resolve Arginine + + + - + +
 
the etiologic paradox of these aquatic Onithane +
 
microorganisms; thereby establishing or Indole 
 + + + + + +
 
abrogating them as bona fide ente,: HS 4 + + 
 + * 
pathogens. Glucose (gas)Hemolysis V+ ++ + ++ + + + V 

(S%sheep erythrocytes) 
.Reprinted frm JoumajoflChncalMirobbioaigy(12)withperission of thepublisher. 

u negative; +- Posive; V 5 Ra resistant; - nodata.- variable. - susceptible. ND 
a MIC 4 pg/mlscngie duiutitro. 
b - HS fromGCFmedium(Geatin Cystene Thiosulfate). 
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View Blood Cultures in a Whole New Way 
uring Aoril, Becton Dickinson chamber, and returning the system to an Fig.I 
Microbiology Systems upright position. E1t.' OptICultM deviceintroduced its newest product During ;ncubation, the broth can be attached to a 8BL* VACUTAINER4 
offering - the BBL OptlCult' examined for evidence of microbial growth brand culture bottle. 
System for the rapid detection of and, at the same time, the OptICult media

microorganisms inblood specimens. can be examined for colonies. The agar-
Isolation of microorganisms present in containing cap of the OptiCult device can be 

blood specimens generally requires removal of unscrewed, providing easy access to colonies 
a small sample of the blood-broth mixture for selection and further processing. .,
from suspected positive culture bottles To facilitate incubation and inoculation by 
followed by streaking on isolation media. The inversion of the VACUTAINER brand culture 
recovery timp can be significantly reduced bottle-OptiCult device combination, an 
when agar media constitute an integral part of OptiCult Invertible ilack has been designed 
the culture bottle system and are inoculated (Fig. 2).

and incubated along with the inoculated The OptiCult System's features and
 
broth, benefits include: 
 . OptlCultl" Invertible Rack

The BB' OptlCultT System is a two- * Can save one day in recovering holding ten OptCultM systems.
sectored disposable plastic device containing microorganisms from positive blood 
culture media for attachment to 5-and t0-ml cultures. 
draw BBL VACUTAINER* brand blood culture * Engineered to fit the BBL* VACUTAINER* 
bottles (Fig. 1). brand blood culture bottle. 

One side of the OptlCult device contains *Petri dish shape optimizes viewng of 
Chocolate Agar (Modified) for the cultivation recovered organisms.
of fastidious organisms. The other side • Uses BBL Chocolate and MacConkey
contains MacConkey Agar for the cultivation Agars.
and differentiation of gram-neyatrve enteric The OptlCult device and invertible rack are 
bacilli, available from distributors of 6BL brai,d

Upon arrival of the inoculated blood culture products as Cat. No 4349150 for a package n" ..
bottle in the laboratory. the OptlCulk culture of 10 devices and Cat. No. 4321996 for one . "- ! \
device isscrewed onto a VACUTAINER brand rack. f . -.-. 
blood culture bottle and bathed with r inImLocerth prpit o 
the blood-broth mixture. Periodic icubcruung and return the information request coupon on 
of the broth is performed by inverting the page 4. 
bottle and OptlCult device, allowing the 
blood-broth mixture to fill the OptlCult _...,., - ­


