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Vibrio anguillarum ISOLATED FROM A NASAL ABSCESS
OF THE COD FISH (Gadus morhua) *

G. S. TRAXLER and M. F. LI
Fisheries Research Board of Canada, Halifax Laboratory, Halifax, Nova Scotia, Canada

Abstract: An abscess in the nasal region of a cod fish, held for experimental work,
resulted in a large swelling. Purulent exudate filled the nostrils. Among the signs of
distress was an apparent lack of equilibrium. Histological examination of the nasal
area showed extensive destruction of the muscle and connective tissue and leucocytic
infiltration.

Six microorganisms were isolated from the infected region. The suspected
pathogen was identified as Vibrio anguillarum. The other isolates, felt to be secondary
invaders or bacteria normally present in sea water, were Achromobacter, Flavo-
bacterium and Pseudomonas species. The vibrio grew well at salinities of 2-5% and

at temperatures of 10-24 C. It exhibited strong proteolytic activity.

Intramuscular injection of the suspected pathogen into mummichogs (Fundulus
heteroclitus) resulted in a lesion similar to that originally observed.

The results of electron microscopy are described.

INTRODUCTION

Infections of marine fish by Vibrio spp.
have been described frequently and the
importance of vibrio infections in fish has
been documented often '™

During the summer of 1970 a large
swelling in the nasal region of a cod fish
being held in the aquarium™ for experi-
mental work, developed into an ulcera-
tion of the musculature. The nares were
filled with a purulent exudate. The lesion
was due apparently to an abscess in the
region of the nares. A Vibrio sp., which
appeared to be the causative agent, was
isolated from the lesion. This report des-
cribes the degenerative changes in the
tissue at the site of the lesion, the pre-
liminary results of the pathogenicity test
of the isolate, and the morphology and
physiology of the organism.

MATERIAL AND METHODS

Microbiological Studies

The surface of the infected area was
washed repeatedly with 70% ethanol and
samples taken aseptically from the interior

of the abscess were streaked on trypticase
soy agar prepared with both distilled
water and a basal salt solution." The
isolates were maintained at 15 C. The
biochemical tests followed the procedures
outlined in the Manual of Microbiological
Methods.”” The pattern of carbohydrate
metabolism was determined by the
method of Hugh and Leifson,” the pre-
sence of cytochrome oxidase and produc-
tion of 2,3-butanediol were determined
by the methods outlined by Bullock.® The
taxonomic schemes of Shewan et al.®
and Bain and Shewan® were followed in
identifying the organisms.

Trypticase soy broth was the medium
used to determine the growth character-
istics of the suspected pathogen at various
temperatures and salt concentrations.
Growth was estimated by measuring the
increase in optical density of the cultures
at 12 hour intervals.

The sensitivity to various antibiotics
was determined by inoculating trypticase
soy agar plates with 0.1 ml of a 24 hour
culture. Sensidiscs (BBL) were placed on
the agar and the plates were incubated at
15 C for 24 hours.

[ This paper was presented at the Conference of the International Association of Aquatic Animal
Medicine, University of Guelph, Guelph, Ontario, Canada, April 29-30, 1971.
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Histological Studies

Muscle tissue removed from the infect-
ed area and from a healthy fish was fixed
in 10% formalin and embedded in paraf-
fin. The tissue was sectioned and stained
with hematoxylin and eosin before exam-
ination.

Smears from the abscess of the infect-
ed fish were stained with either the
Wright or the Gram stain.

Pathogenicity Tests

Groups of S mature mummichogs
(Fundulus heteroclitus) were injected in-
tramuscularly with 0.1 ml of a 24 hr
culture of the three salt requiring bacteria
grown in trypticase soy broth. Controls
were inoculated with 0.1 ml of sterile
medium. The fish were kept isolated in
separate tanks supplied with running sea
water at 15 C, and examined frequently
for pathological signs and mortality.

Assay of Proteolytic Activity

The organisms were grown in litmus
milk and incubated at 15 C for 3-4 weeks.
After centrifugation at 12,800 x g for 30
minutes in a refrigerated centrifuge the
supernatant solution was used for the
enzyme determination. The assay system
contained from 0.1 to 0.5 ml of the en-
zyme solution, 5 ml of 0.1 M Tris buffer
(pH 7.2) and 25 mg of Azocoll* in a 25
ml Erlenmeyer flask. The reaction mix-
tures were incubated in a shaking water
bath at 38 C for 20 minutes. The mixture
was filtered and the optical density of the
filtrate was determined at 520 mu in
a Coleman Junior Spectrophotometer.
Blanks for comparison were prepared in
the same manner except that the enzyme
solution was heated at 100 C for 10
minutes.

Electron Microscopy

Stock cultures were grown on trypti-
case soy agar at 15 C. For negative
contrast staining, organisms were sus-
pended in a 1% aqueous solution of

*Calbiochem., Los Angeles, California
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potassium phosphotungstate at pH 7.0.15.
The suspension was placed on Formvar
coated grids and drained. For the
examination of ultrathin sections the
cells were fixed with osmium tetroxide."
The sections were stained with uranyl
acetate followed by Millonig lead staining
as previously described.”® Sections were
cut on an LKB microtome and the pre-
pared specimens examined in a Hitachi
HS7S electron microscope.

RESULTS

The severely swollen and abscessed
nasal region is shown in Fig. 1. The
infection developed into an ulcer sur-
rounded by inflamed tissue. The fish
swam with a lack of equilibrium and
became lethargic, lying motionless at the
surface.

There was extensive damage to the
connective and muscle tissues surround-
ing the lesion, with pronounced leucocytic
infiltration.

Smears from inside the inflamed area
showed the presence of numerous gram
negative microorganisms, many of which
exhibited a slight curvature (Fig. 2).

A total of six bacteria were isolated
from the abscess and classified as: two
species of Achromobacter, two Pseudo-
monas, one Flavobacterium and one
Vibrio. The biochemical characteristics
of the Vibrio sp. are shown in Table 1.
The organism was a motile gram nega-
tive rod. Elongated cells were often pre-
sent in pure cultures depending upon the
age of the culture. Older cultures ap-
peared to be more variable in cell mor-
phology. Only the Vibrio sp. liquified
gelatin and hydrolized litmus milk.

Preliminary pathogenic tests with the
three salt requiring bacteria injected
intramuscularly into mummichogs show-
ed that the Vibrio sp. caused a mortality
of 60% compared to the 12% in the
controls. The mortality of the fish inject-
ed with the Pseudomonas and Achromo-
bacter spp. was 40% and 24%, respec-
tively. Furthermore, only the fish injected
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FIGURE 1. Nasal abscess of cod fish showing swelling and ulceration.
FIGURE 2. Smear from the interior of the abscess. Gram Stain, X 1340.
TABLE 1. Characteristics of cod isolate.
Test Results Test Results
Nitrate reduced Litmus milk Hydrolysis

+
Indole produced +
H.S produced —
Gelatin hydrolyzed +
Starch hydrolyzed +
Citrate utilized —
Methyl red —
Acetylmethylcarbinol —
Catalase produced +

Cytcchrome oxidase +
2.3-butanediol —
Glucose oxidation
Glucose fermentation
Sucrose oxidation
Sucrose fermentation
Mannitol oxidation
Mannitol fermentation

Acld, no gas
Acid, no gas
Acid, no gas
Acid, no gas
Acid, no gas
Acid, no gas

+ = positive
— = negative

with the Vibrio sp. showed initial patho-
logical signs of swelling and discoloration
at the site of injection followed by the
development of an open lesion. The or-
ganism was reisolated from the lesior
and when reinoculated caused 60%
mortality.

The organism grew well in salinities of
2-5% at 15 C (Fig. 3). The isolate grew
as well in a medium prepared with 3%
sodium chloride as with supplemented
salt solution, indicating a requirement for
sodium chloride. The organism failed to
grow at 37 C but grew well from 10-24 C
(Fig. 4).

Downloaded From: https://bioone.org/journals/Journal-of-Wildlife-Diseases on 02 May 2024
Terms of Use: https://bioone.org/terms-of-use

The biochemical and physiological
characteristics of the suspected pathogen
identify it as Vibrio anguillarum. The
sensitivity to various antibiotics is shown
in Table 2. The organism exhibited strong
proteolytic activity (Fig. 5) when grown
in litmus milk at 15 C.

Electron micrographs of V. anguillarum
(Fig. 6a) revealed polymorphic cells with
a single polar flagellum. Thin sections
showed an undulant cell wall parallel to,
but separated from, the plasma membrane
by an electron-translucent area (Fig. 6b).
The apparent nuclear material was dif-
fuse and poorly defined (Fig. 6c).
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FIGURE 4. Growth of the vibrio at various temperatures in trypticase soy broth medium.
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TABLE 2. Sensitivities to various antibiotics of Vibrio anguillarum isolated from cod.

Antibiotic Concentration Cod isolate * Shewan
Chloramphenicol 30 ug + +
Dihydrostreptomycin 10 ug — +
Erythromycin 15 ug + +
Neomycin 30 ug — +
Novobiocin 30 ug + +
Penicillin 10 units — —
Polymyxin B 300 units + +
Tetracycline 30 ug + +
* reported by Pacha and Kiehn, 1969.

+ = sensitive
— = resistive
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FIGURE 5. Proteolytic activity of culture medium.
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FIGURE 6.
cells; (b) ultrathin section (note the irregular undulant cell wall); (c) ultrathin section (note the
single polar flagellum and the diffuse nature of the nuclear material).

DISCUSSION

The signs of the infection in the nasal
region of the cod are similar to the signs
of vibrio infections outlined by Bullock
and McLaughlin.'

The preliminary pathogenicity tests
using mummichogs as the test animal
indicate that V. anguillarum was the
pathogen. The effects, however, of the
Pseudomonas and  Achromobacter  spp.
cannot be disregarded and will be the
subject of further investigation.

Anderson and Conroy' outlined the
biochemical characteristics used to differ-
entiate the three biotypes of V. anguil-
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Fine structure of the vibrio: (3) negative stain showing polymorphic nature of the

larum. The ability of our isolate to
produce indole and acid from sucrose
and mannitol places it with type A.
Slight biochemical and morphological
differences are apparent between our iso-
late and a strain of V. anguillarum type
A isolated from a cod by Shewan and
reported by Pacha and Kiehn."” Our iso-
late lacked the ability to produce acetyl-
methylcarbinol, utilize citrate and grow
at 37 C. In addition, our isolate was not
sensitive to dihydrostreptomycin and neo-
mycin.

Anderson and Conroy indicated that
V. anguillarum showed optimum growth
in media containing 1.5-3.5% NaCl.!
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This is supported by the evidence that
maximum growth at 15 C for our isolate
occurred at salinities from 2-5%.

The electron micrographs of V. anguil-
larum revealed a structure typical of gram
negative organisms.” The cell wall was
irregularly undulant lying parallel to a
well defined cytoplasmic membrane. A
similar cell wall and plasma membrane
structure was observed by Wiebe and
Chapman®™ in marine pseudomonads but
not achromobacters. The diffuse and
poorly defined nuclear area of V. anguil-
larum, while similar to that of V. para-
haemolyticus,” was in contrast to the well
defined nuclear area of the marine pseu-
domonads.™

The mode of pathogenicity of vibrio
infections is unknown. Bullock' mention-
ed the possible role of endotoxins. The

Acknowledgements

proteolytic activity of our isolate and the
histological evidence of extensive tissue
damage indicate a possible role of the
proteinase in the development of the
lesions. The production of an extra-
cellular proteinase by a pseudomonad,
was important in the development of
lesions in rainbow trout."” A compound,
produced by Pseudomonas aeruginosa,
toxic to insect larvae, was isolated and
characterized as proteinase.” Although
no special effort has been made in this
study to characterize the proteinase, the
use of a non-specific substrate to detect
proteolytic activity cannot rule out the
possible production of collagenase by our
isolate. The characterization and deter-
mination of the role of the proteinase in
the development of the lesions is an area
which warrants and will receive further
attention.

We thank Dr. J. E. Stewart for his interest and assistance in this work. We also thank Dr.
R. A. Laycock for her helpful discussions in identifying the bacteria; and Mrs. B. M. Zwicker for
her suggestions in performing the antibiotic sensitivity tests.

LITERATURE CITED

1. ANDERSON, J. J. W, and D. A. CONROY. 1970. Vibrio disease in marine
fishes. A Symposium of the American Fisheries Society on Diseases of
Fishes and Shellfishes. Special Publication No. 5. American Fisheries

Society. Washington, D.C.

2. BAIN, N., and J. M. SHEWAN. 1968. Identification of Aeromonas, Vibrio and

related organisms. Identification Methods for Microbiologists.

Academic Press, New York.

Part B.

3. BULLOCK, G. L. 1961. A schematic outline for the presumptive identification
of bacterial diseases of fish. Progressive Fish Culturist 23 (4): 147-151.

4. BULLOCK, G. L., and J. J. A. McLAUGHLIN. 1970. Advances in knowledge
concerning bacteria pathogenic to fishes (1954-1968). A Symposium of the
American Fisheries Society on Diseases of Fishes and Shellfishes. Special
Publication No. 5. American Fisheries Society, Washington, D.C.

5. COLWELL, R. R. 1970. Polyphasic taxonomy of the genus Vibrio: Numerical
taxonomy Vibrio cholerae, Vibrio parahaemolyticus, and related Vibrio spp.

J. Bacteriol. 104 (1): 410-433.
6. HOSHINA, T.

1957. Further observations on the causative bacteria of the

epidemic disease like furunculosis of rainbow trout. J. Toyko Univ. Fish.

43: 59-66.

7. HUGH, R,, and E. LEIFSON. 1953. The taxonomic significance of fermentative
versus oxidative metabolism of carbohydrates by various gram negative

bacteria. J. Bacteriol. 66: 24-26.

Downloaded From: https://bioone.org/journals/Journal-of-Wildlife-Diseases on 02 May 2024
Terms of Use: https://bioone.org/terms-of-use



214

JourqvaLoi_VYildlife Diseases Vol. 8, July, 1972

10.

12.

13.

14.

KELLENBERGER, E., A. RYTER, and J. SECHAUD. 1958. Electron micro-
scope study of DNA-containing plasma. II. Vegetative and mature phage
DNA as compared with normal bacterial nucleoids in different physiological
states. J. Biophys. Biochem. Cytol. 4: 671-678.

LI, M. F,, and C. FLEMMING. 1967. A proteolytic pseudomonad from skin
lesions of rainbow trout (Salmo gairdnerii). 1. Characteristics of the patho-
genic effects and the extracellular proteinase. Can. J. Microbiol. 13 (4):
405-416.

LI, M. F., and G. S. TRAXLER. 1971. A prcteolytic pseudomonad from skin
lesions of rainbow trout (Salmo gairdneri). 111. Morphological studies. J.
Fish. Res. Bd. Canada 28 (1): 104-10S.

LOVELACE, E. E., H. TUBIASH, and R. R. COLWELL. 1968. Quantitative
and qualitative commensal bacterial flora of Crassostrea virginica in
Chesapeake Bay. Proceedings of the National Shellfisheries Association 58:
82-87.

LYSENKO, O., and M. KUCERA. 1968. The mechanism of pathogenicity of
Pseudomonas aeruginosa. VI. The toxicity of proteinases for larvae of the
greater wax moth, Galderia mellonella L. Folia Microbiologica 13: 295-299.

PACHA., R. E.. and E. D. KIEHN. 1969. Characterization and relatedness of
marine vibrios pathogenic to fish: physiology, serology, and epidemiology.
J. Bacteriol. 100 (3): 1242-1247.

RUCKER, R. R. 1959. Vibrio infections among marine and freshwater fish.
Prog. Fish. Cult. 21: 22-25.

RICHTER, G. W., and Y. KRESS. 1967. Electron microscopy of a strain of
Bordetella bronchiseptica. J. Bacteriol. 94: 1216-1224.

SHEWAN, J. M., G. HOBBS, and W. HODGKISS. 1960. A determinative
scheme for the identification of certain genera of gram-negative bacteria,
with special reference to the Pseudomonadaceae. J. Appl. Bacteriol. 23 (3):
379-390.

SOCIETY OF AMERICAN BACTERIOLOGISTS. 1957. Manual of Micro-
biological Methods. McGraw-Hill Book Co. Inc., New York.

SMITH. I. W. 1961. A disease of finnock due to Vibrio anguillarum. J. Gen.
Microbiol. 24: 247-252.

STEWART, J. E., and H. E. POWER. 1962. A sea water aquarium for marine
animal experiments. J. Fish. Res. Bd. Canada 20 (4): 1081-1084.

WIEBE, W. J., and G. B. CHAPMAN. 1968. Fine structure of selected marine
pseudomonas and achromobacters. J. Bacteriol. 95: 1862-1873.

Received for publication June 11, 1971

Downloaded From: https://bioone.org/journals/Journal-of-Wildlife-Diseases on 02 May 2024

Terms of Use: https://bioone.org/terms-of-use





