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A comparative investigation of the phenotypic properties of

environmental and clinical strains of the lactose-positive human

pathogen, Vibrio vulnificus, revealed that they are indistinguish-

able in traits commonly used for identification in clinical and

public health laboratories. It has also been confirmed that there

are other strains of undefined Vibrio spp., readily isolated from

estuarine environments, which are capable of lactose

fermentation. Relatively extensive phenotypic analysis may be

necessary to differentiate these strains from V. vulnificus.

Strains of a Vibrio sp., pathogenic to eels commercially

cultured in Japan, have been shown by DNA base composition and DNA

homology to be members of the species V. vulnificus. Differences

in phenotype and host specificity however, indicate that the eel

isolates represent a different biogroup of V. vulnificus. It is

proposed that strains similar in phenotype to the type strain of



the species be classified as V. vulnificus biogroup 1, and that the

eel isolates be classified as V. vulnificus biogroup 2.

A group of organisms, phenotypically similar to the human

pathogen Vibrio fluvialis, have been isolated from oysters

suspected as the source of several cases of gastroenteritis in

Louisiana, and from water, sediment, and shellfish in the Pacific

Northwest. DNA base composition and DNA homology analyses have

shown these organisms to actually be strains of the fish pathogen

V. anguillarum. These V. anguillarum are atypical in some of their

phenotypic properties and in their sources of isolation. It is

suggested that V. anguillarum is not only a parasite of fish, but

is freeliving in coastal waters and may represent a potential

health hazard when present in large numbers in contaminated shell

fish.
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Comparative Phenotypic Studies on Vibrios of Environmental
Origin that Resemble Human Clinical Isolates

CHAPTER I

Historical Review

Though Vibrio cholerae is the Vibrio of historical infamy as

an agent of disease and despair in man, more recent investigations

have resulted in the description of other pathogens from the genus

Vibrio. V. parahaemolyticus, first isolated in 1951 from a case of

gastroenteritis in Japan (25), is known as a common cause of intes

tinal disease (1,4,19,28,65). V. alginolyticus, classified as a

biotype of V. parahaemolyticus in the eighth edition of Bergey's

Manual of Determinative Bacteriology (Bergey's Manual) (71), is

usually associated with skin and ear infections following exposure

to seawater (61,62,66,69).

Despite the significance of these vibrios as a public health

hazard, the taxonomy of the genus has been in a state of flux and

confusion for years. The sixth edition of Bergey's Manual (29) had

Vibrio classified under the family Pseudomonadaceae, tribe

Spirilleae, and listed twentytwo species described as follows:

"Cells short, curved, single or united into

spirals. Motile by means of a single polar

flagellum which is usually relatively short; rarely

two or three flagella in one tuft. Grow well and

rapidly on the surface of standard media. Aerobic

to anaerobic species. Mostly water forms, a few

parasites."



2

There was no mention of a sodium ion requirement and the only

definitive characteristics were cell morphology and flagellation.

The generic description in the seventh edition (11) was essen-

tially the same. The genus, however, was reclassified under the

family Spirillaceae and the number of species had increased to

thirty-four. Also in the seventh edition the genus Beneckea was

proposed by Cambell and described as follows:

"Small to medium -sized rods. Motile by means of

peritrichous flagella. Gram negative. May or may

not produce chromogenisis. Acid usually produced

from carbohydrate. Chitin is digested. Found in

salt and fresh-water and in soil."

In 1971 Baumann, et. al. redefined the genus Beneckea to

include the sodium requiring vibrios (5). The rationale for this

reclassification was that the type species of the genus Vibrio (V.

cholerae) was thought to be primarily an inhabitant of fresh water

and the human intestinal tract, and that it therefore occupied a

different ecological niche than did the marine isolates. This

ecological distinction was reflected in the requirement for high

concentrations of sodium ion (100-300 mM for optimal growth) by the

marine strains, and the lack of such a requirement by V. cholerae

and related fresh-water organisms, which can grow without added

sodium and require only 5-15 mM for optimal growth (63). It should

be noted that the "related fresh-water organisms" were later

reclassified under different phena. The apparent discrepancy
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between polar (Vibrio) and peritrichous (Beneckea) flagellation was

explained by the different types of media used to characterize the

flagellar morphology of the two genera. It was found that species

of both genera developed polar flagella in liquid media and

frequently peritrichous flagella on solid media (5).

This reclassification was criticized for two principle

reasons. Many authorities felt that V. cholerae and members of

Beneckea, as described by Baumann, had sufficient similarity in

phenotype and DNA homology to be considered the same genus. In

addition, a nomenclatural argument was raised that since the type

strain of the type species of the genus Beneckea (B. labra) was no

longer available, the genus had no taxonomic validity. As a result

of this taxonomic difference of opinion a given organism would be,

for several years, referred to as Vibrio, or Beneckea, depending on

who was making the reference.

The eighth edition of Bergey's Manual (71) provided a much

improved classification of the genus Vibrio. The obligate aerobes

were transferred to the family Pseudomonadaceae where they were

classified as species incertae sedis, while the microaerophiles and

strict anaerobes were classified in the genus Campylobacter. Five

species; V. cholerae, V. parahaemolyticus, V. anguillarum, V.

fischeri, and V. costicola were left to comprise the genus Vibrio

which was listed as the type genus of the family Vibrionaceae. The

genus Beneckea, as described by Baumann, was considered to be of

uncertain taxonomic status, and as such was listed as genus

incertae sedis.



4

As recently as 1975 V. cholerae and V. parahaemolyticus

(including its biotype V. alginolyticus) were the only vibrios

thought to be pathogenic to humans (71). In 1976 however, Hollis,

et. al. (32) described thirty-eight strains of a halophilic

bacterium they referred to as the lactose-positive (L+) Vibrio

which had been isolated from human blood, spinal fluid, and wound

infections and was phenotypically distinct from other Vibrio

(Beneckea) spp.. Later that year Reichelt, Baumann, and Baumann

(64) showed the lactose-positive organism to be genetically

distinct from other Vibrio (Beneckea) spp. based on DNA homology

and proposed the name Beneckea vulnifica. Since its description

this bacterium has been isolated from environmental as well as

clinical sources. Kelly and Avery (41) reported isolation of

Vibrio (Beneckea) vulnificus from seawater near Galveston, Texas;

Tison, et. al. (75) have reported isolation from Pacific Northwest

estuaries; and Oliver, et. al. (59) from waters along the east

coast. In 1979, because many authors refused to recognize the

genus Beneckea, J. J. Farmer proposed that Beneckea vulnifica be

classified in the genus Vibrio as V. vulnificus (22). In January

1980 however, Beneckea vulnifica appeared on the Approved List of

Bacteriological Names (73) and V. vulnificus lost standing in the

nomenclature. In October 1980 V. vulnificus was reproposed in the

International Journal of Systematic Bacteriology and regained

standing in the literature (23).
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Ongoing studies during the 1970's had concentrated on a

general resolution of the Vibrio-Beneckea taxonomic issue. Inves-

tigations into the evolutionary relationships of the organisms in

question, as evidenced by ribosomal RNA homology, and amino acid

sequence divergence of glutamine synthetase, superoxide dismutase,

and alkaline phosphatase led Baumann, et. al. in 1980 to abolish

the genus Beneckea and to assign all of its species, along with two

species of Photobacterium (P. fischeri and P. logei), to the genus

Vibrio (7).

In 1977 Furniss, et. al. (26) reported isolation of a new

group of bacteria, designated group F (CDC designation group EF-6),

from diarrhea patients in Bahrain. These bacteria were found to

possess phenotypic properties intermediate between those of Vibrio

spp. and Aeromonas spp.. In 1978 Lee, et. al. (43) reported that

these organisms, which they had initially identified as Aeromonas

spp., were widely distributed in the marine and estuarine environ-

ments around Great Britain, and had been isolated from clinical

sources in Bangladesh and Jordan. Seidler, et. al. (70) reported

isolation of the bacteria in the U.S. from the New York Bight.

Molecular taxonomy studies revealed that, based on DNA base compo-

sition (% G+C) and DNA/DNA homology, these group F organisms were

more closely related to the genus Vibrio (44,70). In 1980, Lee,

et. al. (44) extensively characterized this organism and proposed

the name Vibrio fluvialis.
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In the last year alone three new species of Vibrio ,

pathogenic to humans, have been described. V. mimicus (20), which

was previously classified as a sucrose-negative V. cholerae

(Hieberg type V), has been isolated from patients with diarrhea; V.

damsela (47), which causes skin lesions in fish, has also been

isolated from human wound infections following exposure to

seawater; and most recently, V. hollisae (31) has been described as

causing gastrointestinal disease in humans. V. metschnikovii (43),

previously not thought to be a human pathogen, has recently been

implicated as a cause of peritonitis and bacteremia (35).

In the U.S., during the early and mid-1970's, extensive inves-

tigations were undertaken to determine the ecology of the then

known pathogenic vibrios, V. cholerae and V. parahaemolyticus, in

the environment. Kaneko and Colwell (38) studied V.

parahaemolyticus in Chesapeake Bay and found that the organism

could be isolated from sediment and shellfish year around, and from

water and plankton during the warmer months. They also made the

observation that V. parahaemolyticus was capable of decomposing

chitin and probably played an important role in the biological

recycling of this material. Similar investigations into the

ecology of V. cholerae served to refute the previous belief that V.

cholerae was primarily an inhabitant of fresh-water and the human

gut. It has been shown that V. cholerae is in fact a natural

inhabitant of marine estuaries (39,40), and also probably plays a

role in the decomposition of chitin (39).
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Vibrio anguillarum has been known as an etiological agent of

vibriosis in fish, particularly Salmonids, since its initial isola

tion and description by,Bergman in 1909 (8). Because this organism

has been studied primarily as a fish pathogen, and because there

are many poorly described marine bacteria pathogenic to fish, the

phenon has been repeatedly subdivided and recombined in the litera

ture. Numerous biotyping schemes have been proposed for this

species, none of which have been generally acceptable. The most

recent scheme, proposed by Schiewe, Crosa, and Ordal (67) in 1977,

divided V. anguillarum into two biotypes based on DNA homology. In

1982 however, Schiewe, Trust, and Crosa suggested that V.

anguillarum type 2 should be recognized as a separate species and

proposed the name Vibrio ordalii (68).

The ninth edition of Bergey's Manual will list twenty species

of Vibrio (Paul Baumann, personal communication), which will

include the previous Beneckea spp. and the two Photobacterium

spp.. This listing will not be complete however in that it will

not include the most recently described species V. mimicus, V.

damsela, and V. hollisae. In addition, V. ordalii will still be

classified as V. anguillarum type 2.

Though the last few years have seen many improvements in the

taxonomic clarification and ecological understanding of members of

the genus Vibrio, there are still many strains of marine bacteria,

known only as Vibrio spp., whose ecological roles are not well

understood. It can be expected that continuing investigations will
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reveal more new species and relationships, and will pose new

questions to be answered in the future.
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CHAPTER II

Introduction

The last cholera epidemic in the United States occurred in

1911, more than half a century ago. In 1973 one cholera case was

reported in Texas (79). There were no further reports of the

disease in the U.S. until 1977 when another single case occurred,

this time in Alabama (14). Then on August 10, 1978 a 44 year old

male in Louisiana came down with cholera-like symptoms. After

attempting to treat himself for three days he was hospitalized and

subsequently diagnosed as having cholera (15). Within a short

time, ten more cases were diagnosed in the same general location

and the U.S. was listed by the World Health Organization as having

a cholera infected area (10). Epidemiological evidence pointed to

a single batch of locally caught crabs as the source of the

outbreak and, as a result, bans were placed on the export of shell-

fish from Louisiana, causing large economic losses to that states

fishing industry.

As a result of this outbreak, and the recent isolation and

description of other pathogenic vibrios from U.S. coastal waters

(3,16,32,41,70) National Sea Grant has sponsored projects in

Oregon, Florida, Louisiana, and Maryland to examine the relation-

ships between the occurrence of these bacteria in the environment

and the implications they present to public health and the seafood

industry.
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The intervals that had separated the recent cholera cases, the

fact that none of the cholera victims had traveled outside the U.S.

in cholera infected areas, and the subsequent isolation of V.

cholerae and related species from noninfected areas, suggested

that these bacteria were natural inhabitants of our coastal

waters. Specific efforts to identify these organisms from environ

mental sources proved fruitful (2,41,59,70,75) and several new

species, potentially pathogenic to humans, have been described

(20,31,32,44,47).

Though these pathogenic vibrios will continue to exist in the

environment, our awareness of their presence, and our increased

understanding of their ecology, will allow us to deal effectively

with the hazards they present. It appears that proper handling,

storage, and cooking of seafood, along with early treatment of

infections occurring after exposure of wounds to seawater will

serve to minimize the suffering that these vibrios can cause.

In our efforts to understand and deal with these pathogens it

is imperative that we be able to correctly identify these organisms

from both clinical and environmental sources. Effective medical

treatment, epidemiological investigations, and identification and

eventual control of disease sources all require timely identifi

cation of the etiologic agent, which in turn necessitates a clear

taxonomic understanding of these organisms.

In the following reports I discuss the results of phenotypic

characterizations of clinical V. vulnificus and environmental



11

lactose fermenting vibrios; the phenotypic, genetic, and pathogenic

properties of a newly described biogroup of V. vulnificus

pathogenic to eels; and the characterization of atypical strains of

the fish pathogen V. anguillarum that phenotypically resemble the

human pathogen V. fluvialis, and which also may be pathogenic to

humans.
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CHAPTER III

Phenotypic Characterization of Clinical V. vulnificus and

Lactose Fermenting Vibrios from the Environment

John D. Greenwood

and

Ramon J. Seidler

Department of Microbiology

Oregon State University

Corvallis, Oregon 97331-3804

503 754-4441
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Abstract

A survey of lactose-positive strains in the Oregon State

University Vibrio culture collection confirmed that the lactose

phenotype was present in not only V. vulnificus, V. cholerae, and

V. nigripulchritudo, but in several strains of undefined Vibrio

spp. readily isolated from estuarine environments. The results of

this study also indicate that clinical and environmental isolates

of V. vulnificus are phenotypically indistinguishable in traits

commonly tested in clinical and public health laboratories.
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Introduction

In 1976 Hollis, et. al. (32) described a halophilic bacterium,

pathogenic to humans, which they referred to as the lactose

positive (L+) Vibrio. Of thirtyeight L+ Vibrio cultures received

over an eleven year period at the Special Bacteriology Section of

the Centers for Disease Control, twenty were isolated from human

blood. Two of the twenty were isolated from spinal fluid as

well. The remaining eighteen strains were isolated from localized

wound infections.

The significance of these lactose fermenting vibrios, also

referred to as Beneckea vulnifica (64), and now formally recognized

as Vibrio vulnificus (23), as agents of septicemia due to the

ingestion of contaminated shellfish, and as agents of infections in

wounds following exposure to seawater has become increasingly

apparent (9,32,42). Kelly and Avery have also identified V.

vulnificus as causing pneumonia, which led to a secondary

septicemia, in a resuscitated drowning victim (41).

As a result of the increasing awareness of the role that V.

vulnificus may play as an environmental health hazard, there has

been a rapidly increasing interest in the ecology and taxonomy of

this organism. Specific efforts by researchers in several U.S.

coastal localities have resulted in the isolation of V. vulnificus

from such diverse geographical locations as Pacific Northwest

estuaries (75), seawater near Galveston, Texas (41), and from

waters on the east coast (59).
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Though this organism has been referred to as the lactose-

positive Vibrio the term is a misnomer since V. vulnificus is not

the only Vibrio capable of fermenting lactose. V. cholerae and V.

nigripulchritudo (previously Beneckea nigripulchritudo) can both

ferment lactose but are readily distinguished from V. vulnificus.

Many strains of V. cholerae, which can grow with only trace amounts

of Na
+

, ferment lactose but activity is usually delayed 3 or more

days. V. nigripulchritudo produces a blue-black pigment (64)

whereas V. vulnificus is non-pigmented and requires the presence of

added Na+ for growth. In addition to the above mentioned lactose

fermenters, some undefined vibrios, frequently isolated from envi-

ronmental sources, are also capable of lactose fermentation (77).

Previous taxonomic studies have shown that V. vulnificus can

be distinguished phenotypically from other Vibrio spp. (32) and

that clinical isolates are genetically distinct from other Vibrio

spp. based on DNA/DNA homology studies (64). Tison, et. al. (76)

have shown that clinical and environmental strains of V. vulnificus

are genetically related at the species level with greater than 85%

relative reassociation.

The purpose of the present study is to examine, and compare,

phenotypic characteristics of environmental strains of lactose

fermenting vibrios and clinical isolates of V. vulnificus. The

goal is to define phenotypic criteria whereby other lactose-

fermenting vibrios can be readily distinguished from pathogenic V.

vulnificus.
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Materials and Methods

Bacterial strains. The strains used in this study, and their

sources, are listed in Table 1. Out of sixty-three lactose-

positive strains tested, fourteen were of clinical origin. The

remaining fourty-nine strains of lactose fermenting vibrios were

isolated from estuarine shellfish, water, and sediment.

Inoculum preparation. The inocula for test media were prepared as

follows. Growth from working stock cultures was streaked onto

plates of trypticase soy agar (Difco) amended with NaC1 to a final

concentration of 1% (TSA'). After incubation at 35°C for approxi-

mately 24 hours, isolated colonies were picked and inoculated into

tubes of 1% peptone water amended with 1% NaCl. These broth

cultures were grown for approximately 24 hours at 35°C.

Inoculation of solid and semisolid media was accomplished by trans-

ferring one loopful of the broth culture into the various test

media. Liquid test media were inoculated with one drop from a

sterile pasteur pipet.

Biochemical tests. All test media contained a final concentration

of 1% NaC1 and all tests were performed at 35°C unless otherwise

specified.

Kligler Iron Agar (KIA) (Difco) was used to test for

alkaline/acid (K/A) reaction and for hydrogen sulfide production.

KIA slants were stabbed and surface streaked with the test

organisms. Results were read after 24 hours and confirmed at 48
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hours. The presence or absence of gas in the slant butt was also

noted.

The ability to grow at 42°C was tested in 1% peptone water

amended with 1% NaCl. Cultures were incubated in an elevated tem-

perature coliform incubator bath (GCA/Precision Scientific) and

growth was scored as positive (+) or negative (-) after 48 hours.

NaC1 tolerance was tested in 1% peptone water amended with the

various concentrations of NaCl. Results were scored as + or -

after 48 hours of incubation.

Tests for the production of indole from tryptophane, Voges

Proskaur, methyl red, oxidase and catalase reactions, and the

ability to use citrate as a sole carbon source were tested

according to conventional procedures as outlined by Lennette, et.

al. (45). Selected methods or media are indicated by parentheses

in Table 2.

Arginine dihydrolase, and lysine and ornithine decarboxylase

production were tested in Moeller decarboxylase base (Difco)

amended with 1% of the given amino acid (Sigma Chemical Co.).

Final pH of the media was adjusted to 7.2. Inoculated media were

overlayed with sterile mineral oil and results were read after 24

and 48 hours.

Hydrolysis of o-nitrophenyl-a-D-galactoside (ONPG) was tested

in a semisolid medium as described by Negut and Hermann (53).

Results were read for up to three days.
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Production of gas from glucose was tested in MR-VP broth

(Difco) with an inverted durham tube for gas collection. Results

were read after 48 hours.

Luminescence was tested by visual examination of growth on

Vibrio luminescence agar as described by Furniss, et. al. (27).

Results were read after 24 hours.

Collagen and elastin agars were prepared by modification of a

gelatin agar (74) with 3% collagen or elastin substituted for the

gelatin. Hydrolysis of these substances was indicated by zones of

clearing in the agar. Plates were sealed with parafilm (American

Can Co.) to prevent drying and results were read for up to seven

days.

Sensitivity to 2,4-diamino-6,7-diisopropyl pteridine phosphate

(0/129) (Sigma Chemical Co.) was determined by growth, or lack of

growth, on heart infusion agar (Difco) amended with 10, 50, and 150

ugiml 0/129 by the method of Seidler, et. al. (70). Final NaCl

concentration of the media was 0.5%. Results were read after 48

hours.

Carbohydrate fermentations were tested in Hugh -Leif son 0/F

medium (Difco) amended with 1% of the given carbohydrate. All

carbohydrates were sterilized by 0.45 pm membrane filters (Gelman)

and then aseptically added to the sterile 0/F base. Inoculated

media were overlayed with sterile mineral oil and results were read

for up to 14 days.
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Results and Discussion

Thirty-nine of the environmental lactose fermenters were

identified as V. vulnificus according to the following criteria:

inability to grow in the absence of added NaC1, production of

indole from tryptophane, lack of arginine dihydrolase activity,

presence of lysine decarboxylase activity, sensitivity to 0/129 at

10 pg/ml, and the inability to ferment sucrose. Three of these

strains (A38, 79-11-114, and N-3M-30) were confirmed to be V.

vulnificus by DNA/DNA hybridization (76).

Of the ten environmental strains that were not identifiable as

V. vulnificus two were sucrose-positive and grew in 0% NaCl and

were therefore identified as presumptive V. cholerae. One isolate

was identified as a strain of an arginine dihydrolase (ADH)

positive, lactose-positive group of vibrios (ALP strains) that have

been shown by DNA base composition and DNA homology to be distinct

from other ADH positive vibrios and from V. vulnificus (77). None

of the isolates produced the blue-black pigment characteristic of

V. nigripulchritudo. The remaining seven non-V. vulnificus,

lactose-positive isolates could not be identified at the species

level and were catagorized as lactose-positive Vibrio spp.. A list

of these strains, and the basis on which they were excluded from

the V. vulnificus phenon is given in Table 2.

Table 3 summarizes the phenotypic characteristics of clinical

and environmental strains of V. vulnificus. Results obtained for

the clinical isolates were consistent with previously reported

descriptions of V. vulnificus (9,32).
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In comparing the data for clinical and environmental isolates

it is clear that these two groups are phenotypically indistinguish-

able in the traits tested. Where results of specific tests were

divergent among individual strains (percent positives are given in

parentheses in Table 3) the percentage of positive results were

comparable for the two groups (environmental and clinical).

Support for the potential pathogenicity of environmental

isolates of V. vulnificus is based on the results of LD50 mouse

pathogenicity tests that were performed on some of the strains

(77). Results of these tests showed that environmental isolates

had LD50 values of 107-10 8
. It should be noted however that, in

the same test, clinical isolates had LD50 values that were one or

two orders of magnitude lower than those of the environmental

isolates. Statistical analysis revealed these L050 values to be

significantly different at the 95% confidence level, but not at the

99% level.

The results of this study confirm previous observations that

V. vulnificus, V. cholerae, and V. nigripulchritudo are not the

only vibrios possessing the lactose phenotype, and indicate that

relatively extensive phenotypic analysis may be necessary in order

to show that a given lactose-positive Vibrio is in fact V.

vulnificus. In addition, data which show clinical and

environmental isolates of V. vulnificus to be phenotypically indis-

tinguishable in traits commonly tested, along with the cited

results of the mouse pathogenicity tests, have clear implications
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of a potential hazard to public health. It can be concluded that

these vibrios, present in coastal waters over a wide range of geo-

graphical locations, may be of public health significance as agents

of septicemia due to the consumption of improperly cooked

shellfish, and as agents of infection in wounds following exposure

to seawater.
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Table 1. Strains used in this study and their origin of isolation.

Strain Origin

E9315 CDC, human isolate
E9316 CDC, human isolate
A8 Flounder intestine
A38 Crab intestine
A8694 CDC, human blood, Florida
B51 CDC, human blood and spinal fluid, Ha.
A6546 CDC, human blood, Alabama
A8867 CDC, finger wound, Louisiana
79-08-1 Seawater, Texas
79-08-9 Seawater, Texas
79-08-13 Seawater, Texas
79-08-53 Seawater, Texas
79-08-47 Seawater, Texas
79-08-61 Seawater, Texas
79-08-76 Seawater, Texas
79-11-114 Seawater, Texas
80-02-121 Wound infection
80-02-125 Human blood, fatal septicemia
LSU-9-44d Crab feces, Louisiana
LSU-9-5f Crab feces, Louisiana
LSU-11-1 H-16 Crab hemolymph, Louisiana
LSU-11-1 H-18 Crab hemolymph, Louisiana
LSU N-3f-39 Crab feces, Louisiana
LSU N-3M-30 Crab meat, Louisiana
LSU U-4f-39 Crab feces, Louisiana
LSU 11-2f-15 Crab feces, Louisiana
LSU 11-6f-3 Crab feces, Louisiana
LSU 11-8f-1 Crab feces, Louisiana
LSU 11-9f-15 Crab feces, Louisiana
LSU 11-9f-37 Crab feces, Louisiana
LSU 11-9M-21 Crab meat, Louisiana
LSU 11-10f-2 Crab feces, Louisiana
LSU 11-10f-30 Crab feces, Louisiana
CL-0-010 Clams, Oregon
ATCC 27562 Human blood (CDC B9629)
A1402 CDC, corneal ulcer
B3547 CDC, human blood
C8806 CDC, human blood
C7184 CDC, human blood
C7127 CDC, human isolate
F2-21d Environmental, Florida
F6-0d Environmental, Florida
F12-7d Environmental, Florida
L2 Environmental, Louisiana
L4 Environmental, Louisiana



Table 1. Continued.

Strain

L8
Lll
WA-0-014
WA-0-018
WA-0-019
79-07-3
C1-0-005
LSU 9-31A
LSU 9-35A
LSU 10-17f
Ll

L5
L7

L9

L10
L12
L13
L-SG1

Origin

Environmental,
Environmental,
Water, Oregon
Water, Oregon
Water, Oregon
Water, Texas
Clams, Oregon
Crab hemolymph,
Crab hemolymph,
Crab feces, Lou
Environmental,
Environmental,
Environmental,
Environmental,
Environmental,
Environmental,
Environmental,
Environmental,

Louisiana
Louisiana

Louisiana
Louisiana

isiana
Louisiana
Louisiana
Louisiana
Louisiana
Louisiana
Louisiana
Louisiana
Louisiana

23
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Table 2. Lactose-positive vibrios of environmental origin which
are phenotypically distinct from V. vulnificus.

Basis for
exclusion from
V. vulnificus Presumptive

Strain phenon identification

WA-0-014 LDC-negative Vibrio sp.

WA-0-018 Growth in 0% NaC1 V. cholerae
Sucrose-positive

WA-0-019 Growth in 0% NaC1 V. cholerae
Sucrose-positive

79-07-3 ADH-positive ALP strain

C1-0-005 LDC-negative Vibrio sp.
Sucrose-positive

LSU-9-31A 0/129 sensitivity Vibrio sp.
(150 ug/ml)

LSU-9-35A 0/129 sensitivity Vibrio sp.
(150 ug/ml)

L9 Sucrose-positive Vibrio sp.

L12 Sucrose-positive Vibrio sp.

L-SG1 Sucrose-positive Vibrio sp.
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Table 3. Phenotypic characteristics of clinical and environmental
isolates of Vibrio vulnificus.

Characteristic

V. vulnificus
Clinical Environmental

Isolates (%+) Isolates (%+)

Reaction in KIA K/A (100%) K/A (100%)

Growth at 42°C da (37%) d (27%)

NaC1 tolerance: 0% NaC1 _b -

0.5% NaC1 + +
3.0% NaC1 + +
5.0% NaC1 + +
7.0% NaC1 - d (15%)

10.0% NaC1 _

Indole production

Voges Proskauer -

Methyl red

Citrate (Simmons') d (62%) d (42%)

Arginine dihydrolase (Moeller) -

Lysine decarboxylase (Moeller)

Ornithine decarboxylase (Moeller)

ONPG

Gas from glucose

Luminescence

Collagen hydrolysis

Elastin hydrolysis

Sensitivity to 0/129: 10 pg/ml
50 pg/ml
150 pg/ml

Acid from: Lactose
L-Arabinose
Cellobiose
Melibiose d (87%)

Glycerol
D-Amygdalin d (87%)

Salicin
Sucrose
Raffinose
L-Rhamnose
Mannitol d (50%) d (48%)



Table 3. Continued.

Characteristic

Mannose
Sorbitol

Oxidase

Catalase

ad = 11% to 89% of strains positive.

b = <10% positive.

c+ = >90% positive.

26

V. vulnificus
Clinical Environmental

Isolates (%+) Isolates (%+)

d (50%) d (45%)
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Abstract

Strains of a Vibrio sp. shown to be pathogenic to eels

cultured in Japan were compared with clinical and environmental

isolates of the lactose-positive V. vulnificus. The strains were

compared for their phenotypic and genetic properties and for their

pathogenicity for mice and eels.

Based on the results of this comparison it is concluded that

the eel isolates and V. vulnificus are members of the same species

in the genus Vibrio. Differences in phenotype and eel pathoge-

nicity however indicate that the eel isolates represent a different

biogroup. It is therefore proposed that strains phenotypically

similar to the type strain of V. vulnificus be classified as V.

vulnificus biogroup 1, and that strains phenotypically similar to

the eel pathogens be classified as V. vulnificus biogroup 2.
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Introduction

Current interest in the taxonomy and ecology of Vibrio

vulnificus has been fueled by the recent reports of this organism

as an agent of septicemia resulting from the ingestion of contam

inated shellfish, and as agents of wound infection following

exposure to seawater (9,32,41,42).

In the course of some recent molecular taxonomy studies under

way in our laboratory it was found that one environmental V.

vulnificus strain showed 97% relative reassociation at stringent

temperature with Vibrio isolates that have been described in a

recent series of reports (51,52,54-57) as being pathogenic to eels

cultured in Japan (77). This eel pathogen was classified as Vibrio

anguillarum type B (Vibrio anguillarum f. anguillicida) as

described by Nybelin (58). However, since the name did not have

valid taxonomic standing a revival of the name Vibrio anguillicida

was suggested (51,55).

As a result of this initial indication that V. anguillicida

was actually V. vulnificus it was felt that further clarification

of the taxonomic status of the Vibrio eel pathogen was desirable.

To achieve this goal a comparative study was made between clinical

and environmental isolates of V. vulnificus and the eel pathogen in

regard to their genetic properties, phenotypic characteristics, and

pathogenicity for mice and eels. Based on the results of these

studies it was concluded that these organisms are in fact members

of the same species in the genus Vibrio. Because of differences in
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phenotype and pathogenicity however, it was proposed that the eel

isolates should be classified as a new biogroup of V. vulnificus.

The purpose of this report is to describe and discuss the

results of the comparative studies performed on the eel pathogens

and V. vulnificus of clinical and environmental origin.
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Materials and Methods

Bacterial cultures. Nine strains of V. vulnificus and four strains

of Vibrio sp. isolated from diseased eels were used in this

study. Bacterial strains and their sources are listed in Table

4. The Vibrio strains isolated from diseased eels are represen-

tative of 24 strains which have been extensively characterized

(51,52,54-57). The selected strains were isolated from different

localities during two seasonal outbreaks of vibriosis in eel

culture ponds in Japan.

Biochemical characteristics and morphological examinations. Test

cultures were grown on trypticase soy agar (Difco) for

approximately 24 hrs prior to inoculation into test media. All

test media contained 0.5% NaCl except the lecithinase (egg yolk)

agar, which was amended to 1.5% NaC1, and the peptone water for the

NaCl tolerance test. Since usual incubation temperatures for fish

and human pathogens are 20-25°C and 35-37°C, respectively, all

biochemical tests were performed at both 25°C and 35°C except where

otherwise indicated. Cultures used for examination of motility and

flagella morphology were grown in trypticase soy broth without

dextrose (Difco) for approximately 8 hrs at 25°C prior to exami-

nation. Flagellar morphology was determined by microscopic

examination of stained specimens (Leifson flagella stain, 60), and

confirmed for selected strains by shadow casting with platinum-

palladium (80:20) through a Phillips EM-300 transmission electron
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microscope. Motility was tested by the hanging-drop method after

passage of test organisms through trypticase soy broth (Difco)

amended with 0.3% agar as described by Craigie (18). Gas from

glucose was tested in MR-VP broth (Difco). Sensitivity to 2,4-

diamino 6,7-diisopropyl pteridine phosphate (0/129) (Sigma Chemical

Co.) was tested by the method of Seidler, et. al. (70). Sensi-

tivity to novobiocin was tested on heart infusion agar (Difco)

teated with 5 ug disks (Difco). Production of 2,3-butanediol was

tested by the method of Bullock (13), Tween 80 hydrolysis by

Sierras' method as described by Cowan (17) and lecithinase activity

on blood agar base amended to 1.5% NaC1 and 10% egg yolk emulsion

(Oxoid). Luminescence was tested by visual examination of growth

on luminescence agar for vibrios, based on the medium described by

Furniss, et. al. (27). Casein hydrolysis was tested on a two-layer

medium as described by Sizemore and Stevenson (72) with trypticase

soy agar used for the upper layer. Carbohydrate fermentations were

tested in Hugh-Leifson 0/F medium (Difco) amended with 1% of the

given carbohydrate. Inoculated media were overlayed with sterile

mineral oil and results were observed for up to 14 days. NaCl

tolerance was tested in 1% peptone water amended with given concen-

trations of NaCl. Growth at 5, 37, and 42°C was tested in 1%

peptone water containing 0.5% NaCl. Hemolysis of horse blood was

tested on blood agar base (Difco) with 10% fresh red blood cells.

All other traits were tested by conventional methods according to

procedures outlined by Lennette, et. al. (45). Selected methods or

media are given in parenthesis in Table 5.
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Pathogenicity for mice. Mouse LD50 and suckling mice virulence

assays were performed as described by Tison, et. al. (78).

DNA studies. DNA base composition (mol% G+C) and DNA/DNA homology

experiments were performed as previously described (78).

Pathogenicity for eels. Eel (Anguilla japonica) pathogenicity

tests were performed as described by Muroga, et. al. (52).
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Results and Discussion

There were no differences observed in the results of the bio-

chemical tests conducted at 25°C and 35°C except that some positive

reactions were observed sooner with the cultures incubated at

25°C. This was not unexpected since these bacteria are primarily

marine organisms and would be physiologically adapted to the cooler

temperature.

Results of the phenotypic characterizations are shown in Table

5. The traits tested were essentially the same as those examined

by Muroga, et. al. (52) in previous work on the eel isolates. The

results for the three eel isolates (ES-7601, ET-7617, and KV-1)

shown in Table 5 are in agreement with those previously reported

(52), and with the results of subsequent examination of twenty-four

other isolates from diseased eels (M. Nishibuchi, M.A. Thesis,

Hiroshima University, 1979) except for acid production from lactose

and glycerol which had been reported as negative. These discrep-

ancies may be explained by the different methodologies used. In

the earlier studies on the eel isolates, Bromcresol Purple Fermen-

tation Broth was used versus Hugh-Leifson 0/F medium (Difco) in

this study. Also, the eel isolates are slow, weak, lactose

fermentors as are some strains of V. vulnificus (Tison, et. al.

unpublished observations).

The major phenotypic difference observed between the eel

isolates and typical V. vulnificus was that the eel isolates were

negative for indole production while the V. vulnificus strains
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(both clinical and environmental) were indole positive. Other

minor differences were variability of ornithine decarboxylase

activity, growth at 42°C, and acid production from mannitol and

sorbitol by V. vulnificus whereas the eel isolates were

consistently negative for these traits. Results observed for the

typical V. vulnificus strains were consistent with previously pub-

lished phenotypic characterizations of the species (9,32).

The DNA studies reconfirmed the previously reported DNA base

compositions of 45.7 to 47.8 mol% G+C for V. vulnificus (76) and

for the eel pathogen (55). DNA homology experiments (results are

shown in Table 6) revealed greater than 90% relative reassociation

at stringent temperatures between V. vulnificus and the eel

pathogen. This level of reassociation indicates that these

organisms are the same species (12).

The mouse pathogenicity tests revealed that all the strains

tested were pathogenic to mice. Results of the LD50 tests (Table

7) indicated that clinical strains of V. vulnificus and the eel

isolates had LD50 values that were statistically indistinguishable

(P=0.050). These values were, however, statistically different

from the values for the environmental V. vulnificus strains

(0.025<P<0.050 and 0.005<P<0.010, respectively). In the suckling

mouse virulence assay (Table 8) all strains tested caused

mortality. One out of three strains in each of the three groups

caused stained feces (indicating diarrhea). This suggests that

there may be some strain differences in each group.
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The results of the eel pathogenicity tests (Table 9) revealed

that only those strains originally isolated from diseased eels were

pathogenic to eels. Neither clinical nor environmental strains of

typical V. vulnificus revealed any indication of pathogenicity

toward eels.

While the results of the DNA studies confirmed the initial

indication that the eel isolates and clinical and environmental

strains of V. vulnificus are in fact members of the same species,

the results of the phenotypic characterization and pathogenicity

tests indicate that some distinctive traits are present to differ

entiate these organisms. The major phenotypic differences are that

the eel isolates were consistently negative for indole production

and ornithine decarboxylase activity, whereas typical V. vulnificus

strains were consistently indole positive and usually ornithine

positive. The pathogenicity differences were reflected in the eel

pathogenicity tests. Even though all strains tested were patho

genic to mice, only those strains originally isolated from diseased

eels were pathogenic to eels.

Because of the differences in phenotype and eel pathogenicity

exhibited by these groups it is concluded that the eel pathogens

should be considered a biogroup of V. vulnificus. It is therefore

proposed that the eel isolates be classified as V. vulnificus

biogroup 2, represented by the reference strain ATCC 33148, and

that strains similar in phenotype to the type strain of the species

(ATCC 27562) be classified as V. vulnificus biogroup 1.
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Table 4. Source of strains tested.

Strain Source

CDC E9315 Clinical, Centers for Disease Control

A38 Crab, Oregon

CDC A8694 (ATCC 29307) Blood, Florida

CDC B51 Blood, Hawaii

79-08-9 Seawater, Texas

79-11-114 Seawater, Texas

80-02-125 Blood, Texas

LSU 11-3M-30 Crab, Louisiana

CDC B9629 (ATCC 27562) Blood, Florida

ES-7601 (ATCC 33147) Diseased eel, Japan

ET-7617 (ATCC 33148) Diseased eel, Japan

KV-1 (ATCC 33149) Diseased eel, Japan

ET-517 Diseased eel, Japan
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Table 5. Biochemical and morphological characteristics of V.
vulnificus and Vibrio sp. isolated from diseased eels.

Test

Shape

Single polar flagellum (Leifson)
Motility
Gram stain (modified Huckers')
Acid fastness (Ziehl-Neelsen)
Fermentation of glucose

(Hugh-Leifson)
Gas from glucose
Oxidase
Catalase
0/129 sensitivity
Novobiocin sensitivity
Litmus milk
Nitrate reduction
Gelatin liquefaction
Indole production (Kovaks)
Voges-Proskauer
2,3-butanediol
Methyl Red
Hydrogen sulfide production (SIM)
Arginine dihydrolase (Moeller)
Lysine decarboxylase (Moeller)
Ornithine decarboxylase (Moeller)
Phenylalanine deaminase
Urease
Citrate (Simmons')
Tartrate
Malonate
Starch hydrolysis
Tween 80 hydrolysis
Lecithinase (egg yolks)
Luminescence
Casein hydrolysis
Acid from: D-Fructose

D-Galactose
D-Glucose
D-Mannose
Maltose
Trehalose

Dextrin
Starch
Glycogen

Cellobiose

V. vulnificus
biogroup 1

(n=9)

short rod
+a

b

dc(89)d

V. vulnificus
biogroup 2

(n=3)

short rod



Table 5. Continued.

Test

Melibiose
Salicin
D-Amygdalin
L-Arabinose
Sucrose
D-Mannitol
Glycerol
i-Inositol
D-Sorbitol
Lactose
Inulin
L-Rhamnose
Raffinose
D-Xylose
Adonitol
Dulcitol

NaC1 tolerance: 0% NaC1
0.5% NaC1

3% NaC1
5% NaC1
7% NaC1
105 NaC1

Growth at: 5°C

37°C

42°C d(44)
Hemolysis of horse blood

40

V. vulnificus V. vulnificus
biogroup 1 biogroup 2

(n=9) (n=3)

(+)e

-

d(44) -

(+)

d(44) -

(+)

a>90% positive

b<10% positive

ell% to 89% positive

d% positive

e positive reaction in >3 days



Table 6. Reassociation of Vibrio vulnificus DNA with the Vibrio vulnificus Eel Isolate DNA
at Stringent Temperature (TM-15°C).

Competitor DNA V. vulnificus

Eel Isolates

% Relative Reassociation
V. vulnificus V. vulnificus

B51a CDC B9629 (ATCC 27562)a 11-3M-30a

ES-7601 106 94 100

ET-7617 103 93 97

KV-1 104 91 99

aSource of labeled reference DNA.
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Table 7. LD50 in
environmental

Organism

mice of Vibrio vulnificus from clinical and
eels.

LD50

sources and from diseased

Origin Strain

Vibrio vulnificus Clinical E9315 3.40 x 106 CFU
B51 3.80 x 105
A8867 8.59 x 106
80-02-125 3.50 x 107

Environmental 79-08-9 2.77 x 108
A38 2.69 x 107
LSU 11-3M-30 1.00 x 108
CL-0-010 2.45 x 107

Diseased eel ES-7601 9.27 x 104

ET-7617 2.47 x 106
KV-1 4.27 x 106



Table 8. Results of suckling mouse assay for Vibrio vulnificus from clinical and
environmental sources and from diseased eels.

Organism Origin Strain
Suckling Mouse Assay

Mortality Stained Fecesd

Vibrio vulnificus Clinical E9315 40%
B51 80
80-02-125 20 ++

Environmental 79-08-9 40
A38 100
LSU 11-3M 40

Diseased eel ES-7601 100
ET-7617 100
KV-1 100

aStained feces excreted from 5 animals was recorded as negative (-), positive (+), and
strongly positive (++) for 0-1, 2-3, and 4 or more spots of stained feces, respectively.



Table 9. Pathogenicity for Japanese eel (Anguilla japonica) by Vibrio vulnificus from clinical and
environmental source and from diseased eels.a

Pathological Symptom in Eels

Red Swelling and/or
Necrosis at the

Organism Origin Strain Dose Mortality Site of Injection

Vibrio vulnificus Clinical B51 1.02 x 108 CFU 0%
ATCC 27562 4.45 x 108 0

Environmental 79-08-9 4.10 x 108 0 -
LSU-11-3M-30 7.55 x 108 0 -

Diseased eel ET-7617 4.85 x 108 80

aBacterial culture grown on nutrient agar (Eiken Co., Tokyo, Japan) at 25°C for 24 hrs was suspended in
0.85% saline. One milliliter of appropriate diluted bacterial cell suspension was injected intra-
muscularly into 5 healthy eels. Injected fish were kept in aquaria at 25°C and were observed for
evidence of pathogenicity for one week.
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Abstract

Ten Vibrio strains isolated from shellfish, water, and

sediment in Louisiana and Pacific Northwest estuaries were found to

be phenotypically similar to the human pathogen Vibrio fluvialis.

DNA base composition and DNA-DNA competition hybridization experi-

ments indicated that these organisms were not V. fluvialis, but

were in fact Vibrio anguillarum, atypical in their sources of

isolation and in some of their phenotypic characteristics. The

results of this study indicate a need for further clarification of

the ecology and taxonomic status of this species.
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Introduction

Interest in the occurrence of bacteria of the genus Vibrio in

marine and estuarine environments has increased as new Vibrio

species identified as human pathogens continue to be described.

Vibrio species currently associated with human infections include

not only the classical 0-1 serovar of V. cholerae but also V.

cholerae of other serovars (24) V. parahaemolyticus (1), V.

alginolyticus (69), V. vulnificus (32), V. fluvialis (44), V.

damsela (47), V. mimicus (20) V. hollisae (31), and V.

metschnicovii (35).

Recent reports indicate that a number of potentially

pathogenic Vibrio spp. may be autochthonous members of the

microbial community in estuarine habitats in the U.S. V.

parahaemolyticus was the first pathogenic Vibrio spp. to be

identified in U.S. coastal waters (3) and its ecology in Chesapeake

Bay has been studied intensively (38). In 1977 the isolation of V.

cholerae from Chesapeake Bay was reported (16) and in 1978 the

first epidemic of cholera in the U.S. since 1911 occurred in

Louisiana as the result of consumption of improperly cooked crab

(10). Recent studies have confirmed the occurrence of V.

parahaemolyticus and V. cholerae in a number of geographic regions

of the U.S. and have identified V. fluvialis and V. vulnificus as

common inhabitants of estuarine environments (2,75).

As a result of a survey of estuarine environments in the

Pacific Northwest for potentially pathogenic Vibrio spp. and an



48

epidemiological investigation of an outbreak of gastroenteritis in

which raw oysters were suspected as the vehicle of infection, a

number of Vibrio strains phenotypically similar to V. fluvialis

were isolated. In this report we present an extensive phenotypic

and genetic characterization which identified these strains as

atypical V. anguillarum which could otherwise be identified as

potentially pathogenic V. fluvialis by procedures routinely used in

clinical or public health laboratories.
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Materials and Methods

Bacterial strains used in this study, and their sources, are

listed in Table 10. The ten environmental strains of Vibrio sp.

were isolated from alkaline peptone enrichment (1% peptone water

amended with 1% NaC1, pH adjusted to 8.5). Inocula from these

enrichments were streaked into thiosulfate citrate bile sucrose

agar (TCBS) (Oxoid) and presumptive Vibrio colonies were picked and

further characterized. The methods used for the phenotypic charac-

terizations are explained in Table 11. Test cultures were grown in

1% peptone (Difco) water supplemented with 1% NaC1 for

approximately 24 hrs prior to inoculation into test media. Inocu-

lation consisted of one loopful of the test cultures into test

media. All test media contained 1% NaC1 except for the 0/129 and

methylene blue agars which contained 0.5% NaC1, and the peptone

water for the NaC1 tolerance test. All test cultures were

incubated at 35°C. Cells for DNA extraction were grown in tryptic

soy broth without dextrose (Difco) containing a final concentration

of 1% NaC1 (TSB') for 24 hrs at 25°C on a reciprocal shaker. Cells

were harvested by centrifugation, washed with 0.01 M phosphate

buffered saline, and stored until DNA extraction was done. DNA was

extracted and purified with phenol using conventional techniques

previously published (37). Labeled reference DNA was prepared by

growing cells in 200 ml of TSB' and 5 mCi of 3H-thymidine (New

England Nuclear). Cultures were incubated 18 hrs at 25°C on a

shaker. Cells were harvested and the DNA purified as described
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above. Purified 3Hlabeled reference DNA had a specific activity

of about 5 x 104 CPM/pg DNA.

The guaninepluscytosine DNA base composition (mol %G+C) was

determined by the thermal melting technique, employing the rela

tionship between midpoint temperature (Tm) and %G+C described by

Mandel, et. al. (48). DNA competition hybridization experiments

were done using the membrane filter technique (37). Renaturation

buffer consisted of 2X SSC (SSC is 0.15 M NaC1 and 0.015 M

trisodium citrate, pH 7) plus 40% dimethyl sulfoxide (DMSO).

Renaturation was carried out at temperatures of 15° and 25°C below

the DNA thermal denaturation temperature as measured in the

renaturation buffer.
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Results

Phenotypic characteristics of V. fluvialis, our estuarine

Vibrio isolates and V. anguillarum are shown in Table 11. These

data reveal a marked resemblance between our Vibrio strains and V.

fluvialis. The estuarine isolates were arginine dihydrolase

positive, and positive for arabinose and sucrose fermentation.

Seventy percent of the strains were indole negative and none grew

without added NaCl. The DNA base composition of our Vibrio strains

ranged from 43.6 to 45.6 mol %G+C (Table 11). These values differ

from the 50 mol %G+C reported for V. fluvialis (44) but are in

agreement with the reported DNA base composition, of approximately

44-45% mol %G+C for V. anguillarum (71). The results of DNA-DNA

competition experiments (Table 12) indicate greater than 90%

relative reassociation at stringent temperature between our

isolates and V. anguillarum. This level of relatedness confirms

that these strains are in fact the same species (12). In addition,

our isolates showed seventy-one percent relative reassociation with

Vibrio ordalii, a name recently proposed by Schiewe, et. al. (68)

for the bacterium previously designated V. anguillarum Type 2.

This degree of reassociation is consistent with the previously

reported level of relatedness between V. anguillarum Types 1 and 2

(67). These same strains showed less than 30% relative

reassociation with V. fluvialis (77).
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Discussion

DNA base composition and DNA-DNA hybridization experiments

confirmed that these isolates are not V. fluvialis but are in fact

V. anguillarum. This finding was unexpected since V. anguillarum

is known to be a fish pathogen and is not routinely reported as

being isolated from sources other than diseased fish. In addition,

V. anguillarum is typically described as being indole positive

(21,30,44,46,49,50,71), usually arabinose negative (6,21,50,71),

and able to grow in the absence of NaC1 (30,71).

Jensen, et. al. (36) have specified a set of 10 traits which

can be used to distinguish V. fluvialis from all other previously

characterized species of Vibrio and Photobacterium. The

combination of these ten traits should distinguish V. fluvialis by

at least four traits. We found that our atypical V. anguillarum

isolates differ from V. fluvialis in only two of the ten character-

istics; the inability of our strains to utilize y-aminobutyrate and

D-galacturonate as sole sources of carbon and energy. This finding

serves to emphasize the close phenotypic relationship between these

two organisms. Table 13 shows the major distinguishing character-

istics of V. fluvialis and V. anguillarum as found in Table 11. We

have found that V. anguillarum can be distinguished from V.

fluvialis by two easily tested traits. Sensitivity to 0/129 at 10

ug/m1 together with severe inhibition of growth by methylene blue

at 100 pg/m1 will serve to identify these strains as V.

anguillarum.
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We have shown that these atypical strains of V. anguillarum

are masquerading as V. fluvialis in the environment and further

suggest that the masquerade could possibly be carried on into the

clinical laboratory. Since the strain designated HOG 3 was

isolated from oysters suspected as the source of several cases of

gastroenteritis we must consider the possibility that these

organisms are pathogenic to humans, and therefore recommend that

the possibility of V. anguillarum as the causitive agent be

considered before a final diagnosis of V. fluvialis is made. The

potential pathogenicity of this organism is also supported by the

results of the suckling mouse virulence assay where oral adminis-

tration of viable cells of this strain resulted in enteritis and

death of the test animals. This response is comparable to that

exhibited by non-01 V. cholerae and environmental and clinical

isolates of V. fluvialis. However, V. anguillarum LS-174, a strain

typical of the fish pathogen phenotype, exhibited no evidence of

virulence in the same assay (M. Nishibuchi, personal

communication). This scenario, members of the same species having

different host specificities, has a precedent in the genus

Vibrio. Tison, et. al. (manuscript accepted for publication) have

described a biogroup of the human pathogen V. vulnificus (V.

vulnificus biogroup 2), which is pathogenic for eels. Strains

phenotypically and genetically similar to the type species are not

pathogenic for eels.
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The data presented here serve to stress the need for a better

understanding of the ecology and clarification of the taxonomic

status of V. anguillarum. Since Bergman (8) first described the

species in 1909 as the etiological agent of vibriosis in fish, V.

anguillarum has been studied and classified in relation to its

pathogenicity for fish. We have shown that these organisms are

also freeliving in our coastal waters and may even be pathogenic

for humans. It is clear that a renewed effort is required to gain

a better understanding of these organisms, their ecology, and their

taxonomy.
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Table 10. Strains and sources of Vibrio spp. used in this study.

HOG 3 Oyster, Louisiana

E8041 Water, Louisiana

E1011 Water, Louisiana

WA-1-003 Water, Oregon

0Y-1-003 Water, Oregon

0Y-1-005 Oyster, Oregon

WA-0-021 Water, Oregon

CL-0-001 Clam, Washington

WA-0-026 Water, Oregon

S-1-005 Sediment, Oregon

V. anguillarum
(LS-174)

V. ordalii (MSC-275)

V. fluvialis
(WA-0-010)

V. fluvialis
(F-43)

V. fluvialis
(DJVP 7092)

V. damsela

V. vulnificus (11-3M-30)

E. coli (WP2)

Salmon, Oregon

Salmon, Oregon

Water, Oregon

Water, Louisiana

Feces, Indonesia

Damselfish, California

Crab, Louisiana

OSU Culture Collection



Table 11. Characteristics of V. fluvialis, V. anguillarum, and Vibrio sp. Isolated from Water,
Sediment, and Shellfish.

Characteristica V. fluvialis Vibrio sp.b

V. anguillarum

Bergey's
Manuals Otherd

Growth in NaCle 0% -f +g dh
7% + + d d
10% d

Growth ati: 5°C - + + +*r
40°C + d NR -

42°C d

Indole (Kovaks) - d + +-1

Voges Proskauer d d d
Methyl Red + d d d
Moeller's Decarboxylase Medium
*Arginine + + + +
Lysine k

Ornithine
Simmons' Citrate d d - d
Luminescence 1

Gas from Glucosem d NRP -
Sensitivity to 0/129 (1g/m1)n 50-150 10 + 10
Sensitivity to Methylene Blue

(100 pg/m1)° - + NR +



Table 11. Continued.

Characteristica V. fluvialis Vibrio sp. b

V. anguillarum

Bergey's
Manuals Otherd

Acid Fromq: Lactose - NR
Arabinose + + d
Cellobiose d + NR d

Melibiose NR
Glycerol + + NR d

Amygdalin d NR NR
Salicin d

Sucrose + + + +
Raffinose - NR -
Rhamnose d NR -

Mannose + + + +
Sorbitol d + NR d

Growth on:
*
Inositol NR d
D-galacturonate + - NR NR

*
Sucrose + + NR +

*
Rhamnose NR

*
Y-aminobutyrate + NR NR

*
L-arabinose + + NR d
*
D-galactose + + NR d

*
Leucine NR -

Oxidase + + + +
Catalase + + + +
% G4C 49-51 43.6-45.6 44-45 44.5



Table 11. Continued.

aUnless otherwise specified, tests were performed according to procedures outline by Lenette et al.
(45). Selected methods are given in parentheses.

bStrains isolated from water, sediment, and shellfish in Louisiana, Oregon, and Washington.

cAs described in Bergey's Manual of Determinative Bacteriology 8th edition (71).

dAs previously described by one or more of the following authors (6,21,30,44,46,49,50).

eGrowth in 1% peptone water amended with given concentrations of NaCl.

f<10% positive.

g>90% positive.

hd = conflicting reports or reported as 11% to 89% positive.

iGrowth in 1% peptone water containing 1% NaCl.

iPositive with few exceptions.

kNegative with few exceptions.

1Tested by visual examination of growth on luminescent agar based on the description by Furness, Lee,
and Donovan (26).

'Tested in MR-VP broth (Difco).

nGrowth of test organisms was examined on Heart Infusion Agar (Difco) amended with given concentrations
of 2,4-diamino-6,7-disopropyl pteridine phosphate (Sigma Chemical Co.) (70).

°Growth of test organism was examined on Mueller Hinton Agar (Difco) amended with 100 pg/ml methylene
blue.

Not reported.

qTested in Hugh-Leifson 0/F medium (Difco) prepared according to manufacturers directions. Inoculated
media were overlayed with sterile mineral oil and results were observed for up to 14 days.

00

*r = Tests specified by Jensen, et al. (36) to distinguish V. fluvialis from other Vibrio spp. by at
least four traits.

sTested by methods and media as described by Baumann, et. al. (5).
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Table 12. Reassociation of V. fluvialis-like HOG 3 DNA with Other

Vibrio spp.

% Relative reassociation
with HOG 3 reference 'H-DNA

TM-15°C TM-25°CCompetitor DNA

HOG 3 100 100

E8041 100 NDa

E1011 101 ND

WA-1-003 99 ND

0Y-1-003 94 ND

OY-0-005 98 ND

WA-0-021 98 ND

CL-0-001 90 ND

WA-0-026 100 98

S-1-005 101 101

V. anguillarum

92 99LS-174

V. ordalii

71 NDMSC-275

V. fluvialis

27 43F43

V. fluvialis

23 38WA-0-010

V. damsela 15 50

V. vulnificus (11-3M-30) 22 ND

E. soli 0 0

aND = not determined.



Table 13. Major distinguishing characteristics of Vibrio fluvialis and Vibrio anguillarum.

Characteristic

V. fluvialis V. anguillarum

Isolated from
Water, Sediment,
Shellfish and
Ill Humans

Atypical
Isolated from
Water, sediment,
and Shellfish

Typical
Isolated from
Diseased Fish

Growth at 5°C
Growth at 35°C
Growth at 42°C
Growth in NaCl: 0%

7%

10%

_a

d

+
d

43

dc

d

Indole d

ADH +
LDC
ODC
Sensitivity to 0/129 (1g/m1) 50-150 10 10

Sensitivity of Methylene Blue
(100 pg/m1)

Acid from arabinose d

Growth on y -aminobutyrat e
Growth on D-galacturonate
mol% G+C

a- = <10% positive.
b+ = >90% positive.

49-51 43.6-45.6 44 -45

cd = Conflicting reports or reported as 11% to 89% positive.
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Field Sampling, Screening, and Presumptive Identification
of Vibrio spp. Isolated from Oregon Estuaries

Introduction _

The 1976 report by Hollis, et. al. (32) of a new Vibrio

pathogenic to humans, and the 1978 cholera outbreak in Louisiana

(15), led to an increased interest in the significance of vibrios

present in the marine environment. The importance of understanding

the role of these potential pathogens in regard to public health

and the nations seafood industry was reflected in the National Sea

Grant sponsorship of investigations in Oregon, Maryland, Florida,

and Louisiana. Studies ongoing in various institutions in these

states have involved the distribution, taxonomy, ecology, and

virulence of V. cholerae and related species present in the marine

environment.

An integral part of these investigations has involved the

enumeration, isolation, characterization, and identification of

these bacteria from local estuarine environments. In this report I

describe the procedures and methods utilized for field sampling,

screening, and presumptive identification of vibrios from Oregon

coastal waters.
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Sampling Sites

Over a one and a half year period, water, sediment, and

shellfish samples were periodically collected from three Oregon

coast estuaries: Coos Bay at North Bend, Yaquina Bay at Newport,

and Tillamook Bay at Tillamook. Several sites were sampled at each

location. Sites were chosen to include either commercially

important or recreational areas exposed to, or with potential for

exposure to, treated sewage effluents. Sampling sites, and the

type of samples obtained from each site are indicated in Figures 1

4.

Enrichment Media

Emphasis of this project was directed toward the presence of

vibrios that present a potential public health hazard due to their

pathogenicity for humans. Because we expected these organisms to

be present in relatively small numbers in the natural environment

the following media were used to enrich for their growth. Alkaline

peptone broth (39) consisting of 10 g/1 peptone and 10 g/1 NaC1 at

pH 8.5 was used to enrich for Vibrio cholerae and Vibrio

vulnificus. The medium of Horie, et. al. (33), as modified by

Raper, et. al. (39), was employed for the growth of Vibrio

parahaemolyticus. This medium consists of 5 g/1 peptone, 3 g/1

beef extract 30 g/1 NaC1, 0.03 g/1 bromthymol blue, 0.001 g/1

ethyl violet, and 5 g/1 galactose at pH 9.0. A filter sterilized

stock solution of galactose was added separately after autoclaving

the basal medium. For growth of Vibrio fluvialis we used a
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modified alkaline peptone broth, developed in our lab by M.

Nishibuchi, consisting of 10 g/1 peptone, 40 g/1 NaC1, and 0.005

g/1 novobiocin at pH 8.5. These enrichments were used in a nine

tube MPN procedure, thus allowing for the enumeration of these

organisms.

Sampling Procedures and Preliminary Work-up

Water temperature, salinity, and fecal coliform MPNs were

determined for each sampling site at the time samples were

obtained. The fecal coliform MPNs were measured by a fifteen-tube

replicate MPN procedure employing A-1 broth (34) consisting of 5

g/1 lactose, 20 g/1 tryptone, 5 g/1 NaCl, 0.5 g/1 salicin, and 1

m1/1 Triton X-100 at pH 6.9. The water quality parameters, and

Vibrio and fecal coliform MPN indices are provided in Table 15.

All samples, except water, were held below ambient temperature

by transporting over, but not on, ice from the time they were

obtained until they were processed immediately upon return to the

laboratory. Water samples, because of the greater volume and the

relatively short time from sampling to processing (3-4 hours) were

held at ambient temperature.

Water: Water samples were collected and transported in carboys.

Upon return to the laboratory 10 and 1 ml samples were inoculated

into each of the enrichment media. Double strength broths were

used for the 10 ml samples. The 100 ml samples were concentrated
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by filtration through 0.45 um membrane filters (Gelman) with the

filters then serving as the inoculum.

Sediment: Sediment samples were obtained by means of a petite

ponar grab sampler (Wildco Instruments, Saginaw, Michigan) and were

then placed into screwcap bottles for transport. Upon return to

the laboratory, samples were diluted 1:10 (wt/vol) with phosphate

buffered saline (PBS) consisting of 7.2 g/1 NaC1, 1.48 g/1 Na2HPO4,

and 0.45 g/1 NaH2PO4 at pH 7.2. Ten, 1, and 0.1 ml samples of the

sediment-PBS suspension were used as inocula for the enrichments.

Double strength broths were used for the 10 ml samples and single

strength for the 1 and 0.1 ml volumes.

Oysters and clams: Oysters and clams were purchased fresh from

growers at the sampling sites. Some clams were dug from beds by

the investigators. After scrubbing and shucking, shellfish were

prepared for inoculation by macerating in a Waring blender with PBS

(1:5 wt/vol) for a total of one minute (15 seconds x 4 at 1 minute

intervals). Inoculation of the resulting slurry into the

enrichments was as described for sediment samples.

Crabs (hemolymph and feces): Crabs were caught in a standard crab

ring and hemolymph and feces were inoculated into the enrichments

at the sampling site. Hemolymph was obtained by removal of a leg

where the surrounding area had been surfaced sterilized with 70%

ethanol. Ten drops of hemolymph were allowed to drip from the body

interior into the media. Fecal material was obtained by insertion
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of a sterile pasteur pipet into the anus. Fecal material was

withdrawn and expelled into the media. Enumeration was not

attempted for crab samples.

Screening and Presumptive Identification

The enrichments were incubated at room temperature for 3-6

hours and then, because we were primarily interested in potential

human pathogens, were further incubated at 35°C for up to 24 hrs.

The V. parahaemolyticus enrichments were allowed to incubate for up

to 48 hrs or until the color change from blue to yellow indicated

galactose utilization which is characteristic of V.

parahaemolyticus. Inocula from all tubes positive for growth were

streaked onto thiosulfate citrate bile salts sucrose (TCBS) agar

plates (Oxoid) and incubated at 35°C for 24 hours. Representative

Vibrio colonies were then picked and further characterized to

verify the genus and, where possible, to identify species.

Characteristics used in the presumptive identification of Vibrio

species are shown in Table 14. Traits characteristic of the genus

Vibrio are marked by an asterix.

Gelatin hydrolysis was tested by streaking of isolated

colonies directly from the TCBS agar plates onto two gelatin agar

plates, one with 3% NaC1 and one with no added NaC1, as described

by Smith, et. al. (74). Hydrolysis of gelatin was observed as a

halo around the growth in the plate containing 3% NaC1 and as a

clear zone around the growth on the plate without NaCl. Growth

from gelatinase positive cultures was used to test for oxidase
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reaction. Oxidase-positive isolates were transferred to Kligler

Iron Agar (KIA) (Difco) where presumptive vibrios would display an

alkaline/acid (K/A) reaction, and no hydrogen sulfide production.

Those isolates that displayed the appropriate reactions in KIA were

then tested for their sensitivity to the vibriocide 2,4-diamino-

6,7-diisopropyl pteridine phosphate (0/129, Sigma Chemical Co.) on

heart infusion agar (Difco) with a disk containing 100 ug/m1 0/129

and with the unadulterated 0/129 crystals. Isolates showing

sensitivity to 0/129 were further tested for gram-reaction,

arginine dihydrolase, lysine and ornithine decarboxylase (Moeller's

method), citrate utilization (Simmon's), indole production

(Kovak's), growth in 7% NaC1, and fermentation of lactose, sucrose,

arabinose, and mannitol (Hugh-Leifson). Motility was tested by the

hanging-drop method and gas from glucose in MR-VP broth. All

biochemical tests were incubated at 35°C.

Preparation and Storage of Stock Cultures

Two stock cultures were prepared for each of the isolates

identified as a member of the genus Vibrio. Working stock cultures

were grown for approximately 24 hours on slants of a marine salts

medium (Lib-X, Dr. J. A. Baross, personal communication) at room

temperature and were then overlayed with sterile mineral oil and

stored in the dark at 15°C. Permanent stock cultures were prepared

by adding 1 ml of a 24 hour old trypticase soy broth (Difco,

amended with 0.5% NaC1) culture to 1 ml of sterile 10% glycerol and

storing at -80°C.
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Records were kept on file for each isolate in the OSU Vibrio

culture collection, which included OSU stock number, species

identification or presumptive identification, strain designation,

date and source of isolation or date of receipt if the culture was

isolated elsewhere, dates of initial stocking and subsequent

transfers, and results of the phenotypic and morphological

characteristics described above.



Table 14. Presumptive identification scheme for environmental strains of
Vibrio spp.

Characteristic

Color on TCBS
*Gelatin hydrolysis: 0% Nei

3% NaC1
Oxidase +
*Kligler iron agar
*Gram negative rod
*Motility +
*Fermentation
Arginine dihydrolase
Lysine decarboxylase
Ornithin decarboxylase
Indole
Growth in 7% NaC1
Citrate utilization
Gas from glucose
Fermentation of: Lactose

Arabinose
Sucrose
Mannitol

*Sensitivity to 0/129: 100 pg/m1
crystal

aVC = V. cholerae

bVP = V. parahaemolyticus

cVF = V. fluvialis

VCa

yellow

K/A

VP

green
NGe

K/A

+
Vf

V

V

+
-1-

+

dVV = V. vulnificus

eNG = No growth

fV = Variable

VFc

yellow
NG

K/A

+

V

vvd

green
NG

K/A

+

V

+



Table 15. MPN of Vibrio spp. and fecal coliforms from water, sediment, or shellfish and physical
parameters of sample sites in three Oregon estuaries.

Site

Fecal

coliform

Water Salinity per 100 ml

Source Date Temp QC (ppt) or 100 gm

Toledo water 02/28/80 12 2.3 170

Ore. Oyster Co. water 02/28/80 12 16.2 4

Mar. Sci. Center water 02/28/80 12 26.5 1.8

Yaquina Bay oysters 02/28/80 ND ND 98

Puget Sound, Wa oysters 02/28/80 ND ND 46

Puget Sound, Wa steam clams 02/28/80 ND ND ND

Toledo water 04/04/80 12 2.3 37

Ore. Oyster Co. water 04/04/80 12 11.5 27

Mar. Sci. Center water 04/04/80 11 26.0 3

Yaquina Bay oysters 04/04/80 ND ND 46

Puget Sound, Wa oysters 04/04/80 ND ND 5.4

Bay City oysters 05/06/80 ND ND 42

Bay ocean oysters 05/06/80 ND ND 42

Bay City clams 05/06/80 ND ND 480

Bay City water 05/06/80 17 19.0 <3

Charleston water 06/04/80 16 26.0 3

North Bend water 06/04/80 19 21.0 93

South Slough oysters 06/04/80 ND ND 46

Empire clams 06/04/80 ND ND 480

Toledo water 06/27/80 19 15.0 23

Toledo sediment 06/27/80 19 15.0 24

Ore. Oyster Co. water 06/27/80 20 23.5 23

Ore. Oyster Co. sediment 06/27/80 20 23.5 0.9

Yaquina Bay water 06/27/80 16.5 27.0 23

Yaquina Bay sediment 06/27/80 16.5 27.0 4.3

Yaquina Bay clams 06/23/80 ND ND 300

Yaquina Bay oysters 06/23/80 ND ND 300

per 1000 ml or 1 gme

VC b VPc VFd

4.0 NDe <3.0

9.0 ND <3.0

<3.0 ND <3.0

0.06 ND <0.06

0.06 ND <0.06

0.06 ND <0.06

<3.0 <3.0 <3.0

<3.0 <3.0 <3.0

9.0 <3.0 <3.0

0.06 <0.06 <0.06

0.06 <0.06 <0.06

<0.06 ND <0.06

<0.06 ND <0.06

<0.06 4.2 <0.06

24.0 ND <3.0

40.0 <30.0 <30.0

90.0 <30.0 <30.0

<0.06 <0.06 <0.06

<0.06 <0.06 <0.06

<30.0 750.0 <30.0

<0.3 <0.3 <0.3

<30.0 70.0 <30.0

<0.3 <0.3 <0.3

<30.0 <30.0 <30.0

<0.3 <0.3 <0.3

0.06 4.2 <0.06

0.06 <0.06 <0.06



Table 15. Continued.

Water Salinity

Site Source Date Temp °C (ppt)

Yaquina Bay crab 06/23/80 ND ND

Bay ocean sediment 07/30/80 ND ND

Bay City sediment 07/30/80 ND ND

Tillamook River water 07/30/80 18.5 6.7

Garibaldi water 07/30/80 17 26.0

Garibaldi sediment 07/30/80 17 26.0

Garibaldi crabs 07/30/80 ND ND

Bay City clams 07/30/80 ND ND

Bay ocean oysters 07/30/80 ND ND

Garibaldi crabs 08/19/80 ND ND

Tillamook River sediment 10/11/81 8.5 0

Tillamook River water 10/11/81 13 6

Bay ocean sediment 10/11/81 ND ND

Garibaldi water 10/11/81 12 27.5

Garibaldi sediment 10/11/81 12 27.5

Bay ocean oysters 10/11/81 ND ND

Garibaldi crabs 10/11/81 ND ND

Tillamook River water 11/25/80 8.5 0.2

Tillamook River sediment 11/25/80 ND ND

Bay City water 11/25/80 9.0 8.2

Bay City sediment 11/25/80 ND ND

Bay City oysters 11/25/80 ND ND

Garibaldi water 11/25/80 10.2 19.5

Garibaldi sediment 11/25/80 ND ND

Garibaldi crab 11/25/80 ND ND

Bay ocean water 02/17/81 10.5 2.25

Bay ocean sediment 02/17/81 ND ND

Tillamook River water 02/17/81 8.5 0

Fecal

coliform per 1000 ml or 1 gma

per 100 ml
b

or 100 gm VC VP° VF
d

positive negative negative negative

<0.3 0.3 0.3 <0.3

0.4 <0.3 <0.3 <0.3

240 9.3 4.0 <3.0

23 6.4 <3.0 <3.0

0.3 1.1 <0.3 <0.3

18 <0.06 4.2 <0.06

86 <0.06 0.22 <0.06

86 <0.06 <0.06 <0.06

ND negative ND ND

<2400 <0.03 <0.03 <0.03

39 7.0 <3.0 <3.0

<0.3 <0.3 <0.3 <0.3

4 <30.0 <30.0 <30.0

0.4 <0.3 <0.3 <0.3

395 <0.15 <0.15 <0.15

negative negative negative negative

170 30.0 <30.0 <30.0

ND <0.3 0.9 <0.3

79 <30.0 <30.0 <30.0

ND <0.3 <0.3 0.3

850 <0.15 <0.15 <0.15

110 <30.0 <30.0 <30.0

ND <0.3 <0.3 <0.3

negative negative negative negative

ND <3.0 <3.0 <3.0
.4
oo

158 <0.15 <0.15 <0.15

79 <3.0 <3.0 <3.0



Table 15. Continued.

Site

Fecal

coliform per 1000 ml or 1 gma

Water Salinity per 100 ml

Source Date Temp °C (ppt) or 100 gm VC VPc VF
d

Tillamook River sediment 02/17/81 ND ND 4800 <0.15 <0.15 <0.15

Garibaldi water 02/17/81 10.0 10.0 ND <3.0 <3.0 <3.0

Garibaldi sediment 02/17/81 ND ND 3200 <0.15 <0.15 <0.15

Bay City oyster 02/17/81 ND ND 48 <0.15 <0.15 <0.15

Bay ocean water 04/14/81 12 6 ND <3.0 <3.0 <3.0

Bay ocean sediment 04/14/81 ND ND ND <0.15 <0.15 <0.15

Tillamook River water 04/14/81 9 0 ND <3.0 <3.0 <3.0

Tillamook River sediment 04/14/81 ND ND ND <0.15 <0.15 <0.15

Garibaldi water 04/14/81 12.8 8.2 ND <3.0 <3.0 <3.0

Garibaldi sediment 04/14/81 ND ND ND <0.15 <0.15 <0.15

Bay ocean water 07/16/81 18 20 14 43.0 <3.0 <3.0

Bay ocean sediment 07/16/81 18 20 ND ND <3.0 <3.0

Tillamook River water 07/16/81 18 0.25 79 1.100 <3.0 <3.0

Tillamook River sediment 07/16/81 18 0.25 ND .4 <3.0 <3.0

Garibaldi water 07/16/81 11 29 8 4.0 <3.0 <3.0

Garibaldi sediment 07/16/81 11 29 ND <3.0 <3.0 <3.0

Garibaldi crab 07/16/81 11 29 ND negative negative negative

Bay City oyster 07/16/81 ND ND 115 <0.15 <0.15 ND

a
No V. vulnificus were isolated

bVC = V. cholerae

CVP = V. parahaemolyticus

dVF = V. fluvialis

eND = not determined
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Figure 1

The Oregon Coast: Three Estuaries

Sampled for the Presence of Vibrios



Tillamook Bay

Yaquina Bay

Pacific
Ocean.

Coos Bay

Figure 1

STATE OF OREGON

81



82

Figure 2

Sampling Sites at Tillamook Bay,

Tillamook, Oregon

A = shellfish, water, and sediment sampled

0 = water and sediment sampled
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Figure 3

Sampling Sites at Yaquina Bay,

Newport, Oregon

A = shellfish, water, and sediment sampled

0 = water and sediment sampled
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Figure 4

Sampling Sites at Coos Bay,

North Bend, Oregon

A = shellfish, water, and sediment sampled

0 = water and sediment sampled
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