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Studies were directed toward the formulation of a selective

Aeromonas medium that would permit the isolation of Aeromonas

species in the presence of other common bacterial flora. The final

composition of this medium, PBG Agar, in grams per liter, is:

Bacto-peptone, 10; Bacto-beef extract, 10; glycogen, 4; NaC1, 5;

sodium lauryl sulfate, 0. 1; brom thymol blue, 0. 1; agar, 15. The

pH of the medium after autoclaving is 6. 9-7. 1.

Any organism isolated from natural sources that gives char-

acteristic yellow colonies in this medium under the specified con-

ditions may presumptively be identified as either Aeromonas,

Vibrio, or Pleisomonas.. Aeromonas colonies are frequently



surrounded by a yellow acidic halo in the green medium, and

occasionally produce a small bubble of gas under the non-nutrient

agar overlay.

Biochemical and antigenic analyses were performed in an

attempt to differentiate virulent (LD
50

from one to 103 colony

forming units per fish) from avirulent (LD
50

greater than 106 cfu)

strains of A. salmonicida. The virulent and avirulent representa-

tives gave similar responses in the following tests: onset and dura-

tion of bacteremia in juvenile coho salmon after intramuscular in-

jection; time of recovery of the organism from fish kidney during

an acute infection; production of a leucocytolytic agent active on

juvenile steelhead trout white blood cells at a dilution of 1;3000; a

factor cytotoxic to cultured chinook embryo cells at a dilution of

1:320; formation of eight extracellular enzymes including elastase,

several proteases and hemolysins; and the failure to produce

hyaluronidase.

There were two real differences observed between a virulent

strain (As-SS-70) and an avirulent strain (As-Sil) of Aeromonas

salmonicida. When grown on 1% peptone agar containing 1. 5% NaCl,

colonies of As-SS-70 were opaque, convex, and granular while those

of As-Sil were translucent, less convex, and non-granular. An

attenuated strain of As-SS-70 gradually assumed avirulent colony

characteristics with continued passage on artificial media.



Sonicates of As-SS-70 and As-Sil were concentrated about 20

fold by dialysis against Polyethylene Glycol 4000. Use of these

concentrated antigens and As-SS-70 rabbit antiserum demonstrated

a unique antigen in the As-SS-70 sonicate by immunodiffusion tech-

niques. This unique precipitin line was not observed in the As-Sil

sonicate, or when anti-As-Sil rabbit antiserum was used. This

was the second difference found between the virulent and avirulent

strains.

Groups of juvenile coho salmon were injected intramuscularly

with about two LD
50

doses of virulent A. salmonicida and held at

temperatures of 74°F, 69°F, 64°F, 59°F, 54°F, 49°F, 44°F, and

39
o
F. Water temperatures of 59

oF and above produced high mor-

tality rates, with losses exceeding 40 percent at 54
oF and 49

o
F.

Mortality rates were very low at temperatures of 44oF and 39
o
F.

The mean time to death was estimated to be 3,5 days at 69°F, with

steady increases as water temperature decreased, to a maximum

of 31 days at 39
o
F. Thus, the disease process was accelerated

progressively as water temperature increased.

When juvenile spring chinook salmon were intraperitoneally

injected with about 1.5 LD
50

doses of A. salmonicida, the mean

time to death was estimated to be 2.9 days at 74°F, and was found

to progressively increase as water temperature decreased, to a

maximum of 18.4 days at 39°F.



The effect of temperature on the growth rate of A. salmonicida

in vitro appeared to be similar to its effect on the rate of progress

of the infection in juvenile salmonids.

The percentage of fatal infections among juvenile steelhead

trout and coho salmon injected with Aeromonas hydrophila was high

at temperatures of 64oF and above, moderate at 59oF, and zero at

49
oF and below.
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AEROMONAS SALMONICIDA AND AEROMONAS HYDROPHILA
(LIQUEFACIENS) AS PATHOGENS OF SALMONID FISH.

A. SELECTIVE AEROMONAS MEDIUM. B. COMPARATIVE
CHARACTERISTICS OF VIRULENT AND AVIRULENT STRAINS OF

AEROMONAS SALMONICIDA. C. EFFECT OF WATER
TEMPERATURE ON AEROMONAS INFECTIONS

INTRODUCTION AND LITERATURE SURVEY

Aeromonas salmonicida, the etiological agent of fish furun-

culosis, is a Gram-negative, fermentative organism that has been

found in most salmonid hatcheries and in many wild populations

(Herman, 1968). At times epizootics of this organism, the "great

red plague" of salmon and trout, have threatened the very existence

of fish culture (McCraw, 1952)

More reports have been written about this disease than any

other infection in fish (Herman, 1968). Despite the accumulated

knowledge about this organism; little is presently understood about

the dynamics of the disease in salmonids.

One of the problems encountered in working with this organism

is the apparent difficulty, or at least infrequency, of isolating it from

the environment. Few reports have been concerned with an isolation

medium for Aeromonas salmonicida. Duff et al. (1940) described

a medium that they felt was "fairly successful" in differentiating

A. salmonicida from most of the normal sewage organisms they



encountered. The objective of the work reported in Section A of

the thesis was to develop a medium that would permit the counting

of Aeromonas species in environmental samples in the presence of

other common bacterial flora. This medium should produce counts

comparable to those obtained with good plating media, inhibit the

growth of some of the unwanted organisms, and exhibit differential

reactions that would permit the recognition of aeromonad colonies.

This lack of a selective medium has hindered epizootiological

studies, such as determining the presence and survival of Aeromonas

in natural waters. A. salmonicida is considered to be an obligate

parasite with no ability to exist as a saprophyte under natural condi-

tions, so that its existence in river or tap water is short, a few days

at the most (McCraw, 1952). In natural river water, Williamson

(1928) found that the organism survived for 2 days; the survival time

in tap waters has been reported to be from 2 to 5 days (Arkwright,

1912; Plehn, 1924; Horne, 1928).

In discussing the establishment of new disease nidi, Pavlovsky

(1966) wrote:

"All this may occur if the disease agent remains
virulent long enough in the external environment. For
this reason, the matter of excretion of the agent into the
external environment no matter what its nature, and the
length of time during which it preserves its virulence
are of special importance."

Pathogenicity denotes the potential ability of microorganisms



to cause disease or to produce progressive lesions in a susceptible

host. Virulence introduces the concept of degree, or a quantitative

estimate of the number of microorganisms that must be adminis-

tered to the host to produce the desired result (Burrows, 1963).

Various factors such as enclotoxins, hemolysins, leucocidins,

and hyaluronidases have been shown to be related to the virulence of

certain bacteria (Burrows, 1963). For example, to be fully

virulent, Pasteurella pestis must be highly toxigenic, capable of

producing the V and W virulence antigens and the F 1 envelope antigen,

able to synthesize purines, and able to form pigmented colonies on

defined media containing hemin (Olsen, 1970).

Active immunization of fish against the more prevalent in-

fectious diseases is becoming increasingly important in pisciculture

(McCraw, 1952; Krantz et al., 1964; Spence et al., 196). It would

therefore appear advantageous to know the relative virulence, and

the antigenic and biochemical similarity, of various isolates so that

the most potent vaccine could be produced.

After establishing the relative virulence of strains of A.

salmonicida, various in vitro examinations were undertaken to

determine if a qualitative or quantitative difference could be detected

between virulent and avirulent strains. The results comprise Section

B of the thesis.

Aeromonas hydrophila, the other fermentative, Gram-negative
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bacterium in this study, has classically been associated with

disease in frogs and reptiles (Gibbs et al., 1966; Ewing et al., 1961;

Miles, 1950; Page, 1966).

Increasingly, however, Aeromonas hydrophila (liquefaciens,

punctata, etc.) is becoming important as a pathogen of fish,

especially those fish that have been stressed (Shimizu, 1969; Jankov,

1968; Lobountzov and Roudikov, 1968). This biochemically versatile

species is thought to be universally present in any pond containing

fish, and to be a saprophytic organism that in certain circumstances

can be highly pathogenic to fish (Wood, 1968).

As pointed out in a recent study (Environmental Protection

Agency, 1971):

"The disease cause and effect relationship (in fish)
is understood only in general terms of stress factors, one
of which is temperature. Other factors including the
general condition of the fish, nutritional state, size,
presence of toxicants, level of antibody protection,
exposure to nitrogen supersaturation, level of dissolved
oxygen, and perhaps other factors interrelate in the in-
fection of fish by disease."

Thus, while temperature can be a stress factor in itself, it

may be of more importance as a synergistic agent.

It is evident from the literature that most infectious fish dis-

eases are favored by increased water temperature. Experience with

natural outbreaks of a number of diseases in hatcheries, as well as

observations of disease in natural waters, tends to confirm these

findings (Ordal and Pacha, 1963). Be this as it may, there is no
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precise comparative information concerning the effects of water

temperature on the incidence of diseases in salmonid fishes.

The studies reported in Section C of the thesis endeavor to

help establish some of the effects of water temperature on

Aeromonas infections in juvenile salmonids, and on the survival

times of Aeromonads in "pure" water.



EXPERIMENTAL MATERIALS AND METHODS

A. Aeromonas Selective Medium

Bacterial Cultures

The bacterial cultures used in this study were obtained from

the Oregon State University Department of Microbiology Stock Culture

Collection (OSU); the University of Oregon Medical School (UOMS);

the Oregon State Veterinary Diagnostic Laboratory (VDL); the Center

for Disease Control (CDC); and the American Type Culture Collection

(ATCC).

Media and Chemicals.

Peptone, beef extract, brom thymol blue, and agar were pur-

chased from Difco Laboratories. Sodium lauryl sulfate was obtained

from Nutritional Biochemical Corporation. Reagent grade NaC1, from

J. T. Baker Chemical Company, was used throughout this study.

Oyster glycogen was obtained from both Sigma Chemical Company and

Nutritional Biochemical Corporation.

All commercial media were obtained from Difco or BBL Labor-

atories. When an agar medium was not available, 15 gm of agar was

added to the broth components to make 1 liter medium.
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Method of Plating Samples With Peptone-Beef Extract-Glycogen Agar

The diluent used for most of the study was sterile frog Ringer

saline (FRS) (Prosser and Brown, 1961). Ten fold serial dilutions

of the organisms were prepared in FRS, and mixed with the aid of a

Vortex-Genie (Scientific Industries, Inc.). One ml of sample was

placed into the bottom of a sterile Petri dish, and 15-20 ml of molten

agar (45
o
-48

oC) were added. Plates were then rotated to achieve a

uniform mixture. After the agar had gelled, plates were left in

place at room temperature until the agar surface dried, usually 4-5

hours. Plates were then overlaid with a sterile 2% solution of non-

nutrient agar in distilled water maintained at 45
o
-48

o
C. After

solidification of the overlay, plates were inverted and incubated at

either 37oC or 25 C for the specified time.

Colony Counts and Calculations

Colony counts (colony forming units, cfu) on the duplicate

plates were performed on a Quebec colony counter (Hellige, Inc.)

with the surface marked off in 1 cm2 areas. A Veeder hand counter

(Veeder-Root, Inc.) was used to record colony numbers.

Calculations for determining the variance, standard deviation,

and standard error of the difference between plate counts (Mainland,

1938) are presented in Table 1.
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B. Comparative Characteristics of Virulent and
Avirulent Strains of Aeromonas salmonicida

In Vivo Determination of Virulence

Experimental juvenile salmonids were moved from their 54oF

maintenance temperature to the 590 experimental temperature and

housed in 18 gallon aquaria. The culture to be examined was grown

in Brain Heart Infusion Broth (BHI) (Difco), Trypticase Soy Broth

(TSB) (Difco), or peptone-beef extract-glucose broth (PBg).

Aeromonas salmonicida was incubated at 18 oC for 48 hours while

25
oC for 18 hours was used for Aeromonas hydrophila. Bacterial

counts were estimated with a Petroff-Hausser Bacterial Counting

Chamber (C. A. Hausser and Son) using phase microscopy before

dilution with sterile FRS. Counts were confirmed with Peptone-Beef

extract-Glycogen Agar (PBG) using the previously described method,

with incubation at 25oC for 3 days.

Fish were lightly anesthetized with methyl pentenol (Airco

Chemical Co.), and 0.05 ml of the various dilutions inoculated intra-

muscularly into the right pectoral area, slightly above the midline. A

minimum of ten fish per dilution and four ten-fold dilutions were used

per determination. Dead fish were removed from the tanks daily, and

kidney tissue cultured as described in Section C.

Estimation of the LD
50

was obtained by the probit method, from
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visual examination of the mortality-dosage regression line (Boyd,

1966). Table 11 shows the aeromonad strains examined, their

source, the experimental host, and the estimated LD
50

in colony

forming units.

An attenuated (avirulent) strain of A. salmonicida was prepared

from the virulent As-SS-70 parent by repeated passage on artificial

media at an elevated temperature. Transfers were made at approxi-

mately 5-6 day intervals to fresh. 1% peptone agar containing 1.5%

NaC1, with incubation at 25°C, Figures 8, 9, and 10 show primary

growth from lyophilization tubes of As-SS-70 and As-Sil, and the

changes As-SS-70 underwent by the 15th transfer.

In Vivo Experiments

Acridine Orange Filter sterilized acridine orange (AO) was

added to 1% peptone broth at a final concentration of 10 ligm per ml.

Aeromonas salmonicida strain As-Thl -72 was then inoculated into

this broth and into 1% peptone broth containing no AO. Cultures were

incubated in the dark at 18°C for 6 days, centrifuged, and the pellet

resuspended in fresh 1% peptone broth. These cultures were incubated

at 18 oC for 24 hours and diluted with sterile FRS. Approximately

2 x 105 cfu in 0. 05 ml was injected= intramuscularly into 28 gram

juvenile coho maintained at 59 oF. Fish were then observed for the

development of a fatal infection which would indicate if virulence was
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lost by AO treatment.

Bacteremia, Phagocytosis. Groups of 35 coho, with an indivi-

dual average weight of 28 grams, were tempered to water at 59 oF.

Strains As-TH1-72 and attenuated As were incubated in PGg

Broth at 18°C for 48 hours. Cultures were diluted with sterile FRS

so that approximately 100 LD
50

doses were contained in 0. 05 nil.

Fish were lightly anesthetized with benzocaine before receiving an

intramuscular injection in the right pectoral area, slightly above

midline. Controls were similarly injected with sterile PBg Broth.

At 12 hour intervals, five fish from each group were removed

from the tanks, anesthetized with benzocaine, and bled by severing

the caudal artery. One drop of blood from a specimen was added to

1 ml sterile FRS and vortexed. It was immediately inoculated into

complete PBG Agar to determine the onset and duration of bacter-

emia. The remaining blood from each fish was then pooled in

heparinized centrifuge tubes. After centrifugation at 170 x g for

10 minutes, the huffy layer was removed with a Pasteur pipette and

processed for the examination of white blood cells by the method

described in Section C. This would give an estimate of the relative

amount of in vivo phagocytosis during an acute infection with A.

s almonic ida.

Appearance of Recoverable Bacteria in Kidney Tissue Cultures.

The same fish used to determine the time of bacteremia (immediately
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above) were autopsied. The kidney was sampled by aseptically

opening the fish from the ventral aspect with flamed instruments,

carefully moving the internal organs aside, and plunging a sterile

loop into the anterior half of the kidney, which was then macerated.

Tissue samples were streaked on BHI Agar containing skim milk

to determine the time of appearance of recoverable organisms in

the kidneys of infected fish.

In Vitro Experiments

After establishing the relative virulence of the cultures, var-

ious in vitro examinations were performed to see if a quantitative or

qualitative difference could be detected between virulent and aviru-

lent strains of A. salmonicida.

Growth on 1. 5% NaC1 Agar. Aeromonas salmonicida strains

As-SS-70 and As-Sil were visually compared after growth for 72

hours at 25 oC on 1% peptone agar containing 1.5% NaC1, to see if

colony morphology or granularity could be used as a basis for esti-

mating virulence.

Immunodiffusion Experiments. Five ml of turbid TSB cultures

were used to surface seed 300 ml of BHI Agar in Povitsky flasks.

Incubation was at 25°C for 3 days. The confluent growth from 3

flasks was then harvested with 20-25 ml of 0.1 M Tris buffer (Sigma

Chemical Co.), pH 9. 0 (Shimizu, 1969), with the aid of sterile glass
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beads. The cell suspensions were sonicated with a Model W185

Sonifier Cell Disruptor (Heat Systems-Ultrasonics Inc.) at a

setting of six for one minute per ml. Samples were cooled over

ice throughout sonication. After examination by phase microscopy

showed no whole cells, sonicates were centrifuged at 8, 700 x g in a

Spinco Model L Ultracentrifuge (Beckman Instruments, Inc.) for

20 minutes. Supernatants were divided into aliquots and stored at

-70 oC until needed. Dry weights of the sonicates were determined

by adding 0.50 ml to each duplicate, pre-weighed planchet, drying

at 105 oC for 24 hours, cooling in vacuo over CaCl2 and reweighing.

Approximately 20 fold concentrations of the sonicates were

prepared by dialyzing the sonicates in Polyethylene Glycol 4000

(J. T. Baker Chemical Co.) at 4°C.

Five ml samples of the As-SS-70 and As -Sil sonicates were

fractionated at 4oC on Sephadex G 100 (Pharmacia Fine Chemicals),

using 0.1 M Tris buffer, pH 9. 0 as the elutent. A head height of

15-20 cm was maintained in the 2.5 cm x 39 cm column. After

adding the sample to the top of the column, the first 35 ml to pass

through were voided. Forty 5 ml samples were then collected at a

flow rate of 60 ml per hour.

Immunodiffusion slides were prepared using pH 7.4 barbital

buffered agar (Mahnke and Rathman, 1971). Outer wells were 4.5

mm from the center well in the plexiglass templates. The center
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well served as the antiserum reservoir while the outer wells were

filled with sonicates. Rabbit antisera against As-SS-70 and As-Sil

were used for comparative purposes. Both antisera had comparable

agglutination titers (about 1:320) and were prepared from whole cell

antigens.

Diffusion and precipitation were allowed to occur for 3 days

at 25°C. At that time the templates were removed and the agar

washed in 0.85% .NaCl, pH 8.0, to remove excess protein. After

washing, the slides were immersed in 1% cadmium acetate (J. T.

Baker Chemical Co.) to enhance the precipitin lines, and stained

with 1% thiazine red R (Harleco). Slides were then washed over-

night in distilled water to remove excess dye, immersed in 95% eth-

anol, and air dried. Figures 12 and 13 show some combinations studied.

White Blood Cell Preparation. Juvenile salmonids were bled

by severing the caudal artery. Heparin. (Scientific Products) served

as the anticoagulant. Two ml blood was centrifuged at 170 x g

with a Universal UV Centrifuge for 5 minutes. The buffy layer was

removed and added to 2.0 ml of 0. 28% NaCl. After 2 minutes, 0.4

ml of 3. 68% NaCl was added and mixed. Three ml of Hank's bal-

anced salts solution (Hbss)(McCain, 1970) was then added, mixed,

and centrifuged at 170 x g for 10 minutes. The supernatant was re-

moved, leaving a clean preparation of white blood cells (WBC) which

were resuspended in 1.5 ml Hbss. Observation by phase microscopy
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showed the WBC to be viable.

Leucocytolysin. To determine if a leucocidin or leucolysin

was present, 0.1 and 0.2 ml of the As-SS-70 and As-Sil sonicates

were added to 0.2 ml of Hbss-juvenile steelhead WBC pre-

pared as described above. The mixtures were incubated at 25°C

for 30 minutes, with Hbss serving as the control. To confirm that

loss of WBC viability and cell lysis were not due to osmotic or

pH shock, sonicates were serially diluted with 0.1 M Tris buffer,

pH 7.4. One-tenth ml of the dilutions was added to 0.2 ml WBC.

Tris buffer, pH 7.4, served as the control, with incubation at 25°C

for 30 minutes. Slides were prepared, and examined by phase

microscopy for the presence of viable, dead, or lysed WBC. The

criteria for viability are those suggested by McLeod and McLeod

(1961).

Cytopathic Effect in Tissue Culture Cells. The ability of

As-SS-70 and As-Sil sonicates to produce cytopathic effect (CPE) in

cultured chinook embryo cells (Oncorhynchus tshawytscha) was ex-

amined. Strain CHSE-214 cells were planted inmicrotiter plates

(Linbro Chemical Co.) at an initial concentration of 4.0 x 105 cells

per ml. Sonicates were filter sterilized with 0.22p. membranes

(Millipore Filter Corporation) before 2-fold serial dilution with

sterile complete minimal essential medium (MEM) (McCain, 1970).

Autoclaved 0.1 M Tris buffer, pH 7.2, was diluted with MEM and
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used as the control. Each well contained 0.2 ml of the cell sus -

pension and 0.1 ml of the sonicate, Tris buffer, or MEM. Cells

were examined after 7 days incubation at 18°C for possible CPE.

In Vitro Phagocytosis. Forty-eight hour broth cultures of As-

SS-70 and As-Sil were centrifuged at 400 x g for 15 minutes, washed

once with Hbss, and resuspended to one-half the original volume

with Hbss. To 1.5 ml heparinized, non-immune yearling steelhead

blood was added 0.1 ml of the Hbss-cell suspension. After incuba-

ting the mixtures for 30 minutes at 18°C, WBC suspensions were

prepared as described above. Phase microscopy was used to deter-

mine the number of organisms that appeared to have been engulfed

by the polymorphonuclear leucocytes (PMN).

Hyaluronidase. Males and Turkington (1970) developed a pro-

cedure that measures the amount of N-Acetyl-Glucosamine released

from mucopolysaccharides by hyaluronidase. Chondroitin sulfate,

heparin, and human hyaluronic acid were purchased from Nutritional

Biochemical Corporation and dissolved in 0.03 M phosphate-citrate

buffer, pH 4.5, at a final concentration of 1.5 mg per ml. Fresh

beef synovial fluid, 5.6 ml, was diluted to 10 ml with this buffer, as

was 8 ml mucus from juvenile coho. All aeromonad strains were

grown for 24 hours at 25°C in 1% peptone broth. One ml samples of

the substrates were inoculated with 0.5 ml of the cultures and incu-

bated at 25oC for 24 hours. The amount of N-Acetyl-Glucosamine
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was then determined for each of the substrates.

Fibrinolysin. Sterile blood was obtained by cardiac puncture

of a 6 kg. New Zealand white rabbit. After removing the 20 guage,

one and one-half inch needle, ten ml of blood was gently expressed

into a centrifuge tube containing 2 ml of sterile 2% sodium citrate.

The tube was gently inverted several times to mix the contents,

then centrifuged at 400 x g for 10 minutes. Plasma was

aseptically removed and added to sterile, molten (56 oC)
1%

peptone agar. This temperature was maintained for 15 minutes

before cooling the agar and pouring into sterile Petri dishes. The

final concentration of plasma in the agar was 12 percent.

Aeromonads were streaked on the agar surface, and incu-

bated at 25 oC for 3 days. Plates were then examined for clearing

in the turbid medium, which would indicate fibrinolysis.

Hemolysin. Horse blood and sheep blood were added to

sterile, moltn. (48 C) 1% peptone agar at a final concentra-

tion of 5 percent. Aerornonads were streaked on the surface

of the agar and incubated at 25°C for 5 days. Lysis of the red

blood cells was shown by zones of clearing around colonies.
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Ribonuclease (RNase). The semi-quantitative method of

Lanyi and Lederberg (1966) was used to check for extracellular

ribonuclease (RNase). One mg acridine orange (Eastman

Kodak Company) and 15 mg yeast RNA (Calbiochem) were added

to 100 ml Nutrient Agar, autoclaved for 20 minutes, and held

at 50oC for 2 hours before pouring into Petri dishes. As-SS-70 and

A -Sil were streaked on this, agar incubated at 25 oC for 3

days, and examined under ultraviolet light for a color change

around the colonies.

Gelatinase. Ten percent gelatin (Difco) was added to 1%

peptone agar before autoclaving. After 3 days incubation at

25
oC, plates were flooded with acidic mercuric chloride. A

positive response was indicated by a clear area surrounding the

colony.

Lipase. Lipolysis was determined by adding 0.5 ml of

Tween 80 (Difco) to 100 ml of 1% peptone agar. A positive res-

ponse was shown by deposits of insoluble oleate around the col-

onies.

Elastase. Powdered elastin (Calbiochem) was added to 1%

peptone agar at a concentration of 1% w/v, autoclaved, cooled and
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poured into sterile Petri dishes. Aeromonas strains were streaked

on the agar to obtain isolated colonies and incubated at 25°C for

5 days. The presence of elastase was indicated by a clear area

around the colonies.

Caseinase. The ability of aeromonads to clear skim milk

in agar was investigated. Dry skim milk (Difco) was added to 1%

peptone agar at 2 gm per liter. Cultures were streaked on the

surface of the agar, incubated at 25°C for 3 days, and examined

for clearing.

It was hoped that the caseinolytic abilities of these organisms

might give an indication of their overall proteolytic power and

thus, possibly their relative virulence. TSB was inoculated with the

various aeromonads and incubated at 25oC for 48 hours. After ad-

justing the 0. D. of the cultures to 0.-17 (68% T) at 600 nm, by

dilution with sterile TSB, they were centrifuged at 400 x g and the

supernatants decanted. Matrix nonfat dry milk (Galloway-West Co.)

was dissolved in distilled water at 16% w/v, then heated in flowing

steam for 10 minutes. One-half ml milk was added to 2.5 ml super-

natant. The 0. D. changes were recorded after 0, 10, 20, and 30

minutes at 25o
C.

The results of the tests performed in agar media are sum-

marized in Table 12.
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C. Effect of Water Temperature on Aeromonas
Infections

Fish Holding Facilities

The three sizes of tanks, or aquaria, used to maintain fish at

the Fish Disease Laboratory, Corvallis, Oregon, were 180 and 122

gallon fiberglass outdoor holding tanks, and 18 gallon fiberglass in-

door experimental aquaria. The larger tanks were supplied with

well water at a constant temperature of 54oF and a flow rate of ap-

proximately one gallon per minute. The covered indoor aquaria

were supplied with flowing water heated or cooled to the desired tem-

perature. Heated water was furnished by a gas fired boiler capable

of maintaining four heated water streams at a rate of eight gallons

per minute. The refrigerated water was produced by a custom built

stainless steel chiller capable of supplying three chilled water

streams at eight gallons per minute. All equipment, piping, and

valves that came in contact with the water supply were stainless steel

or polyvinyl chloride, to eliminate possible toxicity to fish. Waste

water was chlorinated before discharge into the river.

The 64 indoor experimental aquaria were equally divided into

groups of eight tanks at each of the following temperatures: 74o,

69°, 64°, 590, 540, 490, 440, and 39°F. The rate of flow into ithese
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tanks was approximately one-half gallon per minute. The tempera-

ture of each stream was automatically controlled by a recorder-

controller and mixing valve within a range of + 0. 5o F. To lessen

the amount of nitrogen supersaturation, stream outlets at each

aquarium were covered with fiberglass netting.

Overall Experimental Plan

Before initiating an experiment, fish were tempered to the

various experimental water temperatures. Since the literature

dealing with the rate of thermal acclimation does not contain any

complete analysis of the problem (Fry, 1947), the following protocol

was used. When first received from the hatchery, fish were placOd

in the large outdoor holding tanks at 54 F. The number of fish to be

used in one experimental group, either 25 or 35, were moved to an

indoor 18 gallon aquarium supplied with 54
oF water. Water at the

next 5°F F ncrement, either 49 F or 59
oF, was then introduced at

the rate of one-half gallon per minute. Within one to one and one-

half hours, the water temperature had reached the 490 or 59
oF level.

The fish were maintained at this temperature for 48 hours. Water

at the next temperature level was then introduced into the tank, and

the new temperature maintained for 48 hours. The process was re-

peated at 48 hour intervals until the desired temperature was reached.

Thus it took eight days to temper fish from their 54°F maintenance
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temperature to the upper 74 oF experimental temperature.

The experimental design adopted in this work required the

use of sixteen 18 gallon aquaria for each experiment, with two tanks

for each of the eight water temperatures. One tank was used to

house fish to be infected with the pathogen, while the other tank was

assigned to uninfected control fish. Two complete and identical

experiments were conducted concurrently, each consisting of eight

groups of infected fish and eight groups of control fish. The purpose

of this plan was to provide information concerning the degree of

variation to be expected between groups of fish receiving, insofar as

possible, exactly the same treatment.

Experimental Fish Species

The experimental fish species employed in this work were

juvenile coho salmon (Oncorhynchus kisutch), juvenile spring chinook

salmon (0. tshawytscha), and juvenile steelhead trout (Salmo

gairdneri). Their average weight ranged from 10 to 30 grams in

different experiments.

Experimental Aeromonas Strains

Two strains of Aeromonas salmonicida were used to infect fish.

Strain As -5 G was isolated from the kidney of a coho salmon during

an outbreak of furunculosis at the Siletz Hatchery in Oregon. Stock
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cultures were grown in peptone-beef extract-glucose broth, centri-

fuged, resuspended in skim milk, and lyophilized. The second

strain, As-SS-70, was isolated from the kidney of a chinook salmon

at the South Santiam Hatchery in Oregon. It was serially passed

through 13 juvenile coho by the intraperitoneal inoculation of macer-

ated kidney tissue from fish infected in the preceding transfer. Kid-

ney tissue from the last fish in the series was pooled, macerated,

suspended in skim milk, and lyophilized.

Aeromonas hydrophila (liquefaciens) strain Ah-Kl was isolated

from the kidney of an adult shad during an epizootic in Coos Bay,

Oregon. Stock cultures were maintained in peptone-beef extract-

glucose agar (PBg Agar) covered with a layer of sterile neutral min-

eral oil. Strain Ah-JZ 45 was isolated from the kidney of a naturally

infected juvenile spring chinook salmon at the Fish Disease Laboratory

and maintained as above on PBg Agar.

Inoculation of Fish

Experimental infections in fish were produced by the intramus-

cular or intraperitoneal injection of a broth culture of the organism

diluted with sterile frog Ringer saline. All A. salmonicida strains

were grown for 48 hours at 18 oC, while 25 oC for 18 hours was used

for A. hydrophila. An estimate of the bacterial concentration was

obtained from cell counts in a Petroff-Hausser Bacterial Counting
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Chamber (C. A. Hausser and Son) using phase microscopy.

Cultures were then diluted with sterile FRS to represent from 1.2

to 2.3 LD
50

doses, based on prior estimates of the virulence of the

strain. Colony counts were confirmed by standard pour plate

methods employingPBQ Agar incubated at 25oC for three days.

Fish were lightly anesthetized with methyl pentenol (Airco

Chemical Co.) or benzocaine (J. T. Baker Chemical Co.); 0.05 ml

of the desired concentration of the organism was then injected and

the fish returned to fresh water. Control fish received a sham in-

jection of 0.05 ml of a sterile filtrate of the broth, diluted to the

same extent as the infectious broth, or 0.05 ml of sterile FRS. All

injections were performed using a 1 cc Cornwall metal pipetting

holder (Becton, Dickinson and Co.) fitted with a 1 cc disposable

tuberculin syringe (American Hospital Supply). The 26 guage, one-

half inch disposable needles (Becton, Dickinson and Co.) were

changed after 25-50 injections. With this apparatus it was possible

to inject 20-25 fish per minute, assuring that all fish received ap-

proximately the same number of cells. The 74°F experimental fish

were injected first, followed by those at 69°F, then 64°F, and so

forth until the 39°F experimental fish had received their injection.

Control fish were then inoculated, again starting at 74 oF and pro-

gressing to the 39°F tanks.
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Microbiological Examination of Kidney Tissue

For the cultural examination of fish kidney, loopfuls (about

0.05 ml) of tissue from the anterior half of the kidney were streaked

on plates of Furunculosis Agar (Difco) or Brain Heart Infusion Agar

(Difco), modified by the addition of 2 gm skim milk solids (Difco)

per liter. Plates were incubated at 25 oC for 48 hours. Suspect

colonies that produced clearing in these media were picked and

inoculated onto two plates of Furunculosis Agar, and into tubes of

Oxidative-Fermentative Medium (Difco) and Moller's Arginine

Decarboxylase Medium (Difco). One of the plates was incubated at

37
oC to inhibit A. salmonicida but allow A. hydrophila to grow, the

other at 25°C to permit growth of A. salmonicida. Cultures from

the appropriate plates were then examined for their morphology,

Gram reaction, motility, and cytochrome oxidase reactions. A.

salmonicida is a fermentative, Gram-negative, non-motile rod that

is cytochrome oxidase positive. A. hydrophila differs, in other ways,

by being motile and able to grow at 37°C.

Effect of Temperature on Growth Rates In Vitro

The growth rates of aeromonads were determined at each of

the eight temperatures used in the fish experiments. A flask con-

taining about 200 ml peptone-beef extract-glucose broth was
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inoculated with the desired strain to give an initial concentration of

104 to 105 cells per ml. The inoculated, medium was then distributed

in 3 ml aliquots in 100 mm x 13 mm screw cap culture tubes. A

minimum of three tubes were incubated at each of the eight tempera-

tures. Growth was estimated by determining the optical density

(0. D.) changes of the broth at 650 nm after various intervals of incu-

bation. A later determination was usually performed to confirm the

results.

Experimental Phase in Fish

Aeromonas salmonicida. The effect of temperature on infec-

tion with Aeromonas salmonicida was studied in juvenile coho salmon

and juvenile spring chinook salmon.

In the coho experiments, A, salmonicida strain As-5 G, with

an estimated LD
50 of about 47 colony forming units (cfu) per fish

(Table lt)was used. Each of the 32 tanks in these experiments (2 ex-

perimental tanks and 2 control tanks at 8 temperatures) held 25 fish

that weighed an average of 28 grams each. The duplicate experi-

ments, involving a total of 400 experimental fish and 400 control fish,

were thus carried out concurrently.

The fish were tempered to the various temperature levels as

mentioned previously. Approximately 2.3 LD50 doses (110 cfu) in

0.05 ml were injected intramuscularly into the right pectoral area,
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slightly above the midline. Control fish received a sham injection

of 0.05 ml of a sterile filtrate of the culture diluted to the same ex-

tent with sterile frog Ringer saline. Dead fish were collected daily

and kidney tissue samples cultured, as described previously. All

groups were observed for a period of 55 days.

Aeromonas salrnonicida strain As-SS-70 was used to infect

juvenile spring chinook salmon. As with the coho, 400 fish were

used in each of the duplicate experiments. These 10 gram fish were

distributed at random among the tanks, 25 fish per tank, and tem-

pered to the various temperatures. They then received an intra-

peritoneal injection of about 1.4 LD50 doses (425 cfu) while control

fish received 0.05 ml of sterile frog Ringer saline. As in the coho

experiments, dead fish were collected daily, autopsied, and cultures

made from kidney tissue. The observation period was 35 days.

Aeromonas hydrophila (liquefaciens). Juvenile steelhead trout

and juvenile coho salmon were the experimental hosts in determining

the effect of temperature on infection with Aeromonas hydrophila.

In duplicate experiments employing 25 gram steelhead, a total

of 1,120 fish were randomly distributed among 32 tanks, with 35 fish

per tank. Fish were tempered by the previously described method.

Groups of fish to be infected with this organism received an intra-

muscular injection of approximately 1.7 LD
50

doses (2. 2 x 107 cfu)

of strain Ah-K1. Control fish were injected with the sterile filtrate
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diluted with frog Ringer saline. All groups were held at their res-

pective temperatures for 27 days. As in the A, salmonicida experi-

ments, dead fish were collected daily, autopsied, and cultures made

from kidney tissue. Infected fish that survived the 27-day experi-

mental period were sacrificed and examined in the same manner.

The kidneys from 10 control fish at 74o, 696, 64o, 59o, and 54 oF

were also examined by kidney tissue culture at the end of the obser-

vation period.

Aeromonas hydrophila strain JZ 45 was used as the infecting

agent with juvenile coho the experimental host. Each tank held 35

fish that weighed an average of 25 grams. As with the steelhead,

each of the duplicate experiments involved 560 fish (280 experimental

fish, 280 control fish) for a total of 1,120 individuals. They were

tempered to the various water temperatures by the established

method. Fish that were held at 54oF and below received an intra-

muscular injection of about 1.2 LD
50

doses (2. 25 x 107 cfu); those

fish held at 59oF and above received 2,9 x 107 cfu per fish. In both

cases, control fish received 0.05 ml of a sterile filtrate of the BHI

Broth, diluted with sterile FRS. Fish were observed for 15 days

after injection. As in the other experiments, dead fish were col-

lected daily, autopsied, and cultures made from kidney tissue. In-

fected fish that were held at 49°F and below, and survived to the end

of the observation period, were moved to 69oF by the established
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tempering procedure. They were held at this elevated temperature

for two days to see if residual levels of the pathogen remained in

their tissues.

Survival of Aeromonas in Well Water The survival times of

Aeromonas salmonicida and Aeromonas hydrophila were determined

in non-sterile well water collected at the Fish Disease Laboratory,

Corvallis, Oregon. Preliminary examinations of this water source

proved it to be free from Aeromonas species.

One sample of water was collected from a gas fired stainless

steel boiler (at approximately 170 oF) to simulate water that had

passed through the cooling tower of a nuclear reactor. The other

sample was collected at the ambient temperature (54oF) as it came

from the well. Both samples were allowed to equilibrate to 25°C

before inoculation.

Aeromonas salmonicida strain AS-SS-70 and A. hydrophila

strain Ah-JZ 45 were grown for 48 hours at 18°C in PBg Broth,

centrifuged at 400 x g for ten minutes, and the pellets resuspended

in sterile FRS to 10% of the original volume. One-tenth ml of these

suspensions were inoculated into 500 ml of the water samples. This

small inoculum was used to lessen the introduction of any nutrients

from the broth, or inorganic ions from the FRS.

The inoculated samples were well mixed to achieve an even

distribution of the organisms, then 100 ml aliquots were placed
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in 250 ml De long Culture Flasks (Be 11co) and capped with Stainless

steel Morton Culture Tube Closures (Bel lco). Flasks were held at

39°F (3. 9°C), 54°F (12. 2°C), and 69°F (20. 6°C). At selected in-

tervals flasks were removed from the incubators, the requisite

amount of water withdrawn, and the flasks immediately returned to

the incubators to lessen the amount of temperature fluctuation.

Various dilutions were prepared in sterile FRS, and plated in

PBG Agar by the previously described methods. Agar surfaces were

dried at 25 oC for 6-8 hours before the 2% non-nutrient agar overlay

was added. Plates were then inverted and incubated at the selected

temperatures.

Bacterial density in the water was estimated from colony counts

and the dilution factor by the previously mentioned method.
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EXPERIMENTAL RESULTS

A. Aeromonas Selective Medium

Calculation of Variability of Colony Counts

The precision of a viable, or colony, count is limited by the

sampling error and by the technical error. The sampling, or

experimental, error of plate counts was determined from 45 pairs

of plate counts of A. salmonicida. These duplicate counts were

selected from those obtained over a considerable period of time

to take into account any technical, or day to day, error introduced

by the experimenter.

Table 1 gives the colony counts and the calculations used to

compute the variance, the standard deviation, and the standard er-

ror of the difference, or the least significant difference between two

counts. After the duplicate counts were recorded, their values were

converted to logarithms. The difference between the log values was

then determined for each pair of samples. These log differences

were then squared, and the squares summed, to give a total of

0.10386. The mean square, or variance, was obtained by dividing

0.10386 by the number of samples, 90, to give a value of 0.001154.

The standard deviation, "s", is the square root of the variance, or

10. 001154, which is 0.03397. In a normal distribution, 95% of a

series of measurements would be expected to fall within a range of
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Table 1. Calculation of the Difference. Between Duplicate Pour Plate
Counts on a Series of Aeromonas salmonicida Plate Counts.

Duplicate
count,
colonies/
plate

Logarithms
of counts

Difference in
logarithms

Difference
squared

228-254 2.3579-2.4048 0.0469 0..00219961
203-232 2.3075-2.3655 0.0580 0.00336400
104- 92 2.0170-1.9638 0.0532 0.00283024
122-137 2.0864-2.1367 0.0503 0.00253009
178-180 2.2504-2.2553 0.0049 0.00002401
150-138 2.1761-2.1399 0.0362 0.00131044
114-133 2.0569-2.1239 0.0670 0.00448900
136-159 2.1335-2.2014 0.0679 0.00461041
105-107 2.0212-2.0294 0.0082 0.00006724
110-108 2.0414-2.0334 0,0080 0.00006400
99-110 1,9956-2.0414 0.0458 0.00209764
95-` 88 1.9777-1.9445 0.0332 0.00110224
50- 53 1.6990-1.7243 0.0253 0.00064009
79- 80 1.8976-1.9031 0.0055 0.00003025
77- 65 1.8865-1.8129 0.0736 0.00541696
59- 54 1.7709-1.7324 0.0385 0.00148225
38- 41 1.5798-1.6128 0.0330 0.00108900
46- 47 1.6628-1.6721 0.0093 0.00008649
51- 43 1.7076-1.6335 0.0741 0.00549081
33- 45 1.5185-1.6532 0.1347 0.01814409
35- 37 1.5441-1.5682 0.0241 0.00058081
39- 44 1.5911-1.6435 0.0524 0.00274576

390-368 2.5911-2.5658 0.0253 0.00064009
352-377 2.5465-2.5763 0.0298 0.00088804
198-177 2.2967-2.2480 0.0487 0.00237169
94- 87 1.973101.9395 0.0336 0.00112896
99- 91 1.995601.9590 0.0336 0.00133956

420-418 2.6232-2.6212 0.0020 0.00000400
81-772 1.9085-1.8573 0.0512 0.00262144

252-213 2.4014-2.3284 0.0730 0.00532900
139-109 2.1430-2.0374 0.1056 0.01115136
89- 83 1.949401.9191 0.0303 0.00091809

141-142 2.1492-2.1523 0.0031 0.00000961
91- 96 1.9590-1.9823 0.0233 0.00054289
98- 95 1.9912-1.9777 0.0135 0.00018225
71- 76 1.8513-1.8808 0.0295 0.00087205

Continued
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Table 1 - -Continued

Duplicate
count,
colonies/
plate

Logarithms
of counts

Difference in
logarithms

Difference
squared

94- 95 1.9731-1.9777 0.0046 0.00002116
78 - 84 1.8921-1.9243 0.0322 0.00103684
73- 83 1.8633-1,9191 0.0558 0.00311364

129-117 2.1106-2.0682 0.0424 0.00179776
106-120 2.0253-2.0792 0.0539 0.00290521
124-146 2.0934-2.1644 0.0710 0.00504100
155-145 2.1903-2.1614 0.0289 0.00083521
109-104 2.0374-2.0170 0.0204 0.0041616
305-293 2.4843-2.4669 0.0174 0.00030276

Sum of the squares 0.10386420

Sum of the squares
Number of samples

Mean square, or variance

0.1038642
90

0.1038642
90

= 0.001154

Standard deviation 'I0.001154 = 0.03397

2 HSI!

Standard error of the difference

0.06794

2 _.]2(s)2 0.002308=0.04804
logs

2 S. E. of the difference for P = 0. 05; hence, the least significant
difference 0.09608 logs

3 S. E. of the difference for P = 0. 01; hence the least significant
difference 0.14412 logs
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2s on either side of the mean. Thus, 95% of single plate counts of

the same bacterial suspension would be expected to fall within

0.06794 log units on either side of the true log mean.

To determine how great the difference must be between any two

counts to be considered significantly different, the standard error of

the difference is calculated. The standard error of the log difference,

which is the square root of two times the standard deviation, or

2 (s) was 0. 04804. A range of two times this value, or 0.09608

log units, contains 95% of the difference between two measurements

to be expected from inherent, or technical, error. Hence, if two

measurements differ by more than twice the standard error of the

difference, they can be said to be significantly different at P =0. 05,

or 95% of the time. Three times the standard error of the difference,

or 0.1441 log units, gives the value of P =0. 01, or 99% of the time.

As an example, the log of a count of 130 colonies is 2. 1139. The log

of a count of 100 colonies is 2.000. The difference is 0.1139 log units,

indicating that the two counts are significantly different at P=0.05,

but not at P=0. 01.

Examination of Commercially Available Media

Initially 32 commercial media, including Furunculosis Agar,

Brain Heart Infusion Agar, Tryptose Agar, Mueller-Hinton Agar, and

Trypticase Soy Agar were judged for their ability to support luxur-

iant growth of several aeromonad strains. Four strains of A. sal-

monicida (As, RCGS, 67, and 69) and one strain of A. hydrophila
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(SD 17) were diluted in sterile distilled water and inoculated onto the

dried agar surfaces using a bent glass rod as a spreader (Meynell and

Meynell, 1965). After incubation at 14°C for 54 hours, colony num-

bers and sizes were estimated. A numerical value of "0" means no

growth; a "+1" means a few small colonies; a "+2" represents larger,

more numerous colonies; "+3" means still more colonies that are

larger; and "+4" indicates the most numerous colonies that are the

largest.

Table 2 lists the media examined and their relative scores. As

can be seen, BrainHeartlnfusionAgar (BHI) was the only medium to

score a relative "+4" on its ability to support luxuriant growth of all

the aeromonad strains examined. This served as our reference med-

ium in formulating a selective medium.

pH Indicators

Since it was decided to base differentiation upon carbohydrate

utilization, a pH indicator was required. Various concentrations of

Brom Thymol Blue, Brom Cresol Purple, and Neutral Red were added

to BHI broth. Brom Thymol Blue (B TB) appeared to be the most sensi-

tive with the low carbohydrate concentration, 2.0 gm glucose per liter,

found in BHI and was selected for further study.

After the Peptone-Beef Extract-Glycogen medium (PBG) was

formulated, A. hydrophila strain 1105 and A. salmonicida strain

As -SS-70 were inoculated into PBG broth without indicator. One sample

of each culture was overlaid with light mine ral oil to aid in maintaining

anaerobic conditions. The A. salmonicida broths were incubated at
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Table 2. Commercially Available Medi01 examined for Their
to Support Luxuriant Growth of Aeromonas. Species and Their
Relative Scores

Agar c/

As

d/A. salmonicida A. hydrophila51/

RCGS 67 69 SD 17

Brain.Heart Infusion 4 4 4 4 4
Furunculos is 4 4 3 4
Salmonella-Shigella 0 0 0 0 1

Violet Red Bile 1 2 3 3 2

Plate Count 2 2 0 0 2
C zapek 0 0 0 0 0
Starch 1 2 2 1 4
Brilliant Green 2 1 0 2 1

Brilliant Green Bile 3 3 3 2 3

Formate Ricinoleate 0 0 0 0 0

Mueller -Hinton 3 4 4 4 3

Potato Dextrose 0 0 0 0 2

Trypticase Soy 0 0 0 0 1

E ijkman 3 3 4 2 3

Veal Infusion 4 3 4 3 3

Selenite F 0 0 0 0 0
Nutrient Agar 3 2 3 3 3

Nutrient Gelatin 2 2 3 3 3

Russell Double Sugar 3 2 2 3 3

Eosin Methylene Blue 2 2 2 1 2

E. C. 3 2 3 2 3

Simmons Citrate 0 0 0 0 1

Koser Citrate 0 0 0 0 1

MacConkey 3 2 3 3 2

Bismuth Sulfite 0 0 0 0 0

Desoxycholate 3 2 2 2 2
Desoxycholate Citrate 3 1 0 2 3

Oxgall 0 0 0 0 0

G. C. Base 3 3 4 3 3

Tryptose 3 3 3 3 4
Triple Sugar Iron 3 3 3 3 3

Lauryl Tryntose 3 3 3 3 3

Continued
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Table 2--Continued.
a. All media were from Difco Laboratories except Trypticase Soy

and Nutrient Agar, which were purchased from BBL Labora-
tories.

b. A "0" means no growth; a "+1" means a few small colonies;
"+2" represents larger, more numerous colonies; "+3" means
still more colonies that are larger; "+4" indicates the most
numerous, largest colonies.

c. Where an agar medium was not available, 15 gm agar was added
to the broth components to make 1 liter of medium

d. Spread plates were incubated at 14°C for 54 hours.

25 °C for 3 days, while the A. hydrophila broths were incubated,

at 37 °C for 24 hours. The final pH of all samples, as determined

with a Corning Model 12 Research pH Meter, was found to be pH

5. 6-5. 8.

Six pH indicators were then added to PBG Agar and checked

for their reaction with A. hydrophila 1105. Brom Phenol Blue,

with a pH range of 3.0-4.9, Brom Cresol Green, with a range of

3.8-5.4, and Chlor Phenol Red, pH 4.8-6.4, did not give any indica-

tion of a pH change, even after prolonged incubation. Aeromonad

colonies were light tan when Brom Cresol Purple, pH 5.2-6.8, was

incorporated into the medium, but the whole plate changed color,

indicative of a diffuse acidic reaction. Brom Thymol Blue, pH

6.0-7.6, gave bright yellow colonies in a green medium. Colonies

were frequently surrounded by a yellow acidic halo. Neutral Red,

pH range 6.8-8.0, gave no indication of a pH change.
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Burnison (1968) reported that Brom Thymol Blue (BTB)

may be inhibitory to some microorganisms. In our hands, 0. 01%

BTB appeared to be stimulatory to most of the strains of Aeromonas

that were examined. Tables 3 and 9 demonstrate these effects. Of

the five strains of A. salmonicida that were examined for BTB

effects, four showed increased plate counts of 23% to 56% in the

presence of BTB compared to counts obtained in the same medium

without BTB. In BHI Agar with BTB, A. salmonicida strains RCGS,

67, and 69 gave duplicate plate counts significantly different, at

P =0. 05, from those obtained with BHI containing no BTB. The single

strain of A. hydrophila (punctata, WFDL) that was examined with

PBG Agar appeared to be stimulated (P=0.01) by the addition of

0. 01% BTB. A. salmonicida strain 5G showed no apparent effect

of BTB addition to PBG Agar if the latter also contained sodium

lauryl sulfate. Increasing the BTB concentration above 0. 01 %,

however, lowered the viable plate counts for both species, as

demonstrated in Table 9. The decreased plate counts obtained

with 0. 025% BTB in PBG Agar for both A. hydrophila and A.

salmonicida are significantly different (P =0. 01) from those obtained

with 0. 01% BTB added to PBG Agar.
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Table 3. Effect of Brom Thymol Blue Added to Brain Heart Infusion
Agar on Pour Plate Counts of Aeromonas salmonicida. a/

Medium Average number

A.

of colonies/plate

salmonicida strain
As RC GS 67 69

Brain Heart Infusion Agar 267 225 73 114

Brain Heart Infusion Agar
with 0. 01% Brom Thymol
Blue 330 297b/ b114/ 223b/

a/ Incubated at 25°C for 3 days.
b/ Significantly different, P = O. 05, from counts obtained with BHI

containing no BTB.

Table 4. Effect of Adding Sodium Lauryl Sulfate, Alone and Combined
with Brom Thymol Blue, to Brain Heart Infusion Agar Upon.
Pour Plate Counts of Aeromonas Species. a/

Medium Average number of colonies/plate

A. hydrophila A. salmonicida
SD 17 As

Brain Heart Infusion Agar 198 375

Brain Heart Infusion Agar
with 0. 01% Sodium Lauryl
Sulfate 183 365

Brain Heart Infusion Agar
with 0. 01% Sodium Lauryl
Sulfate and 0. 01% Brom
Thymol Blue 183 365

a/ Incubation at 25 oC for 3 days.
b/ No counts were different, P = 0. 05, from those obtained with the

Brain Heart Infusion reference agar.
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Selective Agents

To increase the selectivity of the medium, some of the various

agents used to inhibit Gram positive organisms and coliforms in

media designed for isolation of enteric pathogens were studied. These

included sodium desoxycholate, crystal violet, methylene blue, bril-

liant green, selenite, and sodium lauryl sulfate. They were em-

ployed at the concentrations found in selective enteric media. All of

these except sodium lauryl sulfate (SLS) were too inhibitory to one

or more of the aeromonad strains examined. Sodium lauryl sulfate

was originally used in microbiological media as a selective agent

for the coliform group (Cowles, 1938; Mallmann and Darby, 1941).

This anionic detergent is a potent solvent for lipopolysaccharide

and lipoprotein, but is not a specific inhibitor of metabolism. It

may injure cells by disorganizing the cell membrane (Nakamura,

1968). Tables 4 and 9 show the effect of adding SLS to BHIand PBG

Agar, respectively. A. salmonicida strains As, RCGS, 67, and

69 were not affected by the addition of 0. 01% SLS to the BHI

reference agar. In PBG Agar, neither A. hydrophila (punctata,
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WFDL) nor A. salmonicida 5 G were significantly affected by

0. 01% or 0. 02% SLS. Increasing the SLS concentration to 0.3

gm/1 was detrimental, at P =0. 05, to both species. Plates were

inoculated by pour plate methods, with incubation at 25°C for

3 days.

Nitrogen Sources

Darby and Mallmann (1939) and McCrady (1943) reported that

the nitrogen source was of importance in bacterial growth dynamics.

They found that Bacto-tryptose was superior to Bacto-peptone for

selectivity and growth by E. coll.

Various nitrogen sources, such as Trypticase (BBL), Peptone

(Difco), and Tryptose (Difso) were examined for their quantitative

effect on growth of aeromonads. They were added, singly and in

combination, to a basal medium composed of, in gm/1: maltose

(Difco), 5; yeast extract (Difco), 5; NaC1, 5; agar, 15. Table 5

shows some of the combinations tried, and their effects in compari-

son with BHI. As can be seen in this experiment, Bacto-peptone was

superior to either tr-ypticase or tryptose for viable plate counts with

A. hydrophila SD 17. Fortuitously, the combination of peptone

(10 gm/1) and beef extract (10 gm/1) used in PBG Agar were
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included in this experiment. The carbohydrate was maltose,

5 gm /1. As can be seen from Table 5, the Peptone-Beef extract-

Maltose medium was better, at P =0. 05, than any of, the other com-

binations. It was also better, at P =O. 01, than all other combinations

except numbers 5 and 9, both of which contain high levels of Bacto-

peptone.

Peptone, tryptose, try-ptone, casitone, and protone, all from

Difco, were then added to a basal medium composed of, in gm/1;

Bacto-beef extract, 10; NaC1, 5; glycogen, 5; SLS, 0. 1; BTB, 0. 1;

agar, 15. Table 6 shows the results obtained with A. salmonicida

strain As. Peptone may appear to be slightly inferior to casitone in

this trial, but it appeared to be as good as tryptose and protone.

Only tryptone was shown to be inferior (P =0. 05) to peptone. Colony

counts obtained with the other peptones did not significantly differ

from those obtained with Bacto-peptone. Further work showed that

while casitone was occasionally superior to peptone, Bacto-peptone

usually gave high plate counts. It was decided, therefore, to use a

consistently good nitrogen source instead of one that occasionally

gave higher counts.

Bacto-peptone contains nitrogen in a form which is readily

available for bacterial growth requirements. It has a high peptone

and amino acid content and only a negligible quantity of proteoses
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Table 5. Effect of Various Peptones-Added to a Yeast Extract-
Maltose Agar Base in Relation to Brain Heart Infusion
Agar on Viable Pour Plate Counts of Aeromonas hydrophila
SD 17. a/

Average number oft)/
colonies per plate

Brain Heart Infusion Agar 156

Basal Medium c/ 196f /

Basal Medium plus Peptone (10gm/1) and
Beef extract (10 gm/1)

Peptone Source added to Basal Medium
TRYPTICASE-PEPTONE-TRYPTOSE d e/

428
f, g/

1. 15 5 5 126
f/

2. 5 15 5 265
f

3. 5 5 15 274/

4. 20 0 0 40--
f/

5. 0 20 0 328f/

6. 0 0 20 237f /

7. 15 10 0 77--
f/

8. 15 0 10 55f/

9. 0 15 10 308f /

10. 0 10 15 283f/

a/ Plates were incubated at 25°C for 3 days.
b/ Average of duplicate plate counts.
c/ Basal medium; Yeast extract, 5 gm/I; Maltose, 5 gm/1; NaC1,

5 gm/I; Agar, 15 gm/1.
d/ Trypticase came from BBL; Peptone and Tryptose from Difco.
e/ Amounts are in gm/1.
f/ Significantly different, P =O. 05, from BHI reference medium.
g/ All combinations were significantly different, P =0. 05, from the

peptone-beef extract combination added to the basal medium.
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Table 6. Effect of Various Peptones Added to a Beef Extract-
Glycogen Agar Base with Brom Thymol Blue and
Sodium Lauryl Sulfate on Pour Plate Counts of
Aeromonas salmonicida strain As

BHI Agar

Basal Medium b/

Average number of
colonies/plate a/

160

110

Basal Medium with 10 gm/1 Peptone 140

Tryptone 106
c/

Tryptose 130

Ca s itone 155

Protone 140

a/ Average of duplicate pour plates incubated at 25°C for 3 days.
b/ Components of basal medium, in gm/1: beef extract, 10;

NaC1, 5; glycogen, 5; Sodium lauryl sulfate, 0.1'; Brom thymol
blue, 0. 1; agar, 15.

c/ Significantly different from peptone at P =0. 05.
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and more complex nitrogenous constituents. A complete discussion

of the various peptones can be found in the Difco and BBL manuals.

The use of Bacto-peptone might possibly aid in selecting for

Aeromonas species over the enterics, as it is a non-optimal peptone

for E. coli and possibly other enterics.

Fermentable carbohydrates

Aeromonads are fermentative organisms, physiologically

closely resembling the Enterobacteriaceae (Eddy, 1960). It was

felt, and demonstrated, that the major problem in developing a

selective Aeromonas medium would arise with the ubiquitous

enterics, Hence, differential carbohydrate fermentation was of

utmost importance.

Filter sterilized carbohydrates were added, at a final concen-

tration of 0.5%, to a basal medium composed of, in gm/1:

peptone, 15; beef extract, 3; NaC1, 5; SLS, 0. 1; BTB, 0.1.

Table 7 compares the carbohydrate reactions of Aeromonas hydro-

phila, and Escherichia coli after overnight incubation at 25°C. Four

of the carbohydrates were then selected for further study with addi-

tional organisms, as shown in Table 8. As can be seen, only the

aeromonads and Serratia marcescens produced acid from glycogen,

making it the obvious choice for a differential carbohydrate.

Eddy (1962) mentions that 2 of the 66 strains of the
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Table 7. Acid Production from Various Carbohydrates by
Aeromonas hydrophila SD 17 and Escherichia coli in
Peptone -Beef Extract Broth Containing Brom Thymol
Blue and Sodium Lauryl Sulfate. a/

Carbohydrate

rhamnose
dextran
a -fucose
ribitol

A. hydrophila b/ E. coli

+
-
-
-

+
-
_

-
galactose + +
starch + -
maltose + +

i-erythritol - -
sucrose +
dextrin + +
lactose - +

d -xylose - +
inulin - -
glycogen + -
fructose + +
mannitol + +
i-inositol - -
adonitol -
mannose + +
trehalose + +
salicin +
d-sorbitol - +
dextrose + +
dulcitol - +
d-ribose + +
cellobiose +
levulose + +

a/ Duplicate tubes were incubated at 37oC and 25 oC and examined
after 24 and 48 hours, respectively.

b/ A "+" indicates acid formation, while "-" means no acid was
formed.
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Table 8. Acid Production from Selected Carbohydrates by
Aeromonas Species and Other Gram Negative Organisms
in Peptone-Beef Extract Broth Containing Brom Thymol
Blue and Sodium Lauryl Sulfate. a/

Organism Carbohydrate b/

Cellobiose Starch Levu lose Glycogen

Aeromonas hydrophila SD17 a a a a

Aeromonas salmonicida 67 a a a

69 a a a
It ft 71 a a a

BK a a a

Enterobacter
aerogenes a a a

Escherichia coli a

Proteus vulgaris a

Serratia marcescens
Pseudomonas fluorescens
Alcaligenes faecalis

a/ Tubes containing 0. 5% carbohydrate were incubated at 25oC

for 48 hours.
b/ "a" indicates acid formation, while "-" means no acid was

formed.
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Table 9. Effect of Variations in Brom Thymol Blue, NaCl, and
Sodium Lauryl Sulfate Concentrations in Peptone-Beef
Extract-Glycogen Agar on Plate Counts of Aeromonas
species incubated at 25°C.

A.
(punctata,

PBG Agar, completea/

PBG Agar with Brom Thymol Blue
Variable

0. 000%
0.010%
0. 025%

PBG Agar with NaC1 Variable

0.5%
1.0%
2. 0%

Average No. of colonies/plate

hydrophila A. salmonicida
WFDL)

361

17912/
361 b/133

361 b/
209 1-3./
138--

(5G)

443

450
443 b/
197

443
373b/
116

PBG Agar with Sodium Lauryl Sulfate
Variable

0.00%
0.01%
0.02%
0.03%

372
361
328
275

b/

506
443
429
315

b/

PBG Agar with no Brom Thymol
b/ b/Blue, no Sodium Lauryl Sulfate 198 590

a/ Complete PBG Agar; Peptone, 10 gm/1; Beef extract, 10 gm/1;
Glycogen, 4 gm/1; NaCl, 5 gm/1; Brom Thymol Blue, 0.1 gm/1;
Sodium Lauryl Sulfate, 0.1 gm/1; Agar, 15 gm/ 1.

b/ Significantly different, at P =0. 05, from the concentration used in
complete PBG Agar.
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A. hydrophila complex that he studied could not ferment glycogen,

while all 12 of his strains of A. salmonicida had this ability. He

suggested, nevertheless, that the ability to ferment glycogen might

be included in a revision of the description of the genus Aeromonas.

Incubation Temperatures

Glycogen utilization by certain of the enterics presented a

complication. When glycogen was incorporated into Oxidative-

Fermentative medium (Difco), or when tubed PBG Agar was

inoculated by stabbing, slight acid was anaerobically produced by

the following cultures from the Center for Disease Control (CDC):

Arizona, 170-71 and 1368-71; Citrobacter, 3124-70 and 509-71;

Edwardsiella tarda, 1483-59; Enterobacter aerogenes, 3254-70;

Enterobacter cloacae, 1354-71; Enterobacter hafniae, 1493-71;

Enterobacter liquefaciens, 4933-70; and Serratia, 3103-65 and

6102-65. But this was not enough acid to be considered a good

positive reaction, or as much acid as that produced by the aero -

monads. Upon inoculation with each of the above cultures, both

media changed from the green color of a control tube to a greenish-

yellow. With the aeromonads, the reaction was complete, resulting

in a bright yellow color. Thus differentiation in the tubes was pos-

sible (Figures 1 and 2). The complication arose with the use of

PBG Agar in pour plates. All plates were originally incubated at



49

25
oC for 3 days. With the prolonged incubation, the CDC cultures

mentioned above gave false positive reactions, i.e., a character-

istic yellow colony by a non - aeromonad. Fortunately, when A.

hydrophila and the enterics are incubated at 37°C in PBG Agar, there

is a readily discernible difference in colony size and color. After

incubation at 37 oC for 18-24 hours, colonies of A. hydrophila are

larger and more intensely yellow than are those of the enterics

(Figures 3 through 7). Colonies of aeromonads are 0.3-0.5 mm in

diameter while those of the enterics are 0.1-0.2 mm. Also, Aero-

monas colonies are frequently surrounded by a yellow acidic halo

in the green medium (Figure 3). Gas production in PBG Agar

by aeromonads is a phenomenon not yet observed with any of the

enterics. A small number of aeromonad cells have the ability to

produce gas in PBG Agar, apparently from glycogen fermentation.

This is readily observed in tubed PBG Agar (Figure 1). In plate

cultures, one finds a small bubble of gas under the agar overlay;

it tends to dissipate with prolonged incubation. If numerous aero-

monads are present in the sample, the agar will occasionally be

disrupted by the volume of this gas. It is interesting that this can be

observed with strains that are anaerogenic when glucose is the carbo-

hydrate (compare Figures 1 and 2). Presumably the pathway for

breakdown of glycogen must differ in some way from the glucose

pathway.



Figure 1. Growth of Aeromonas and various Gram-
negative bacteria in tubed peptone-beef extract-
glycogen (PBG) agar at 25°C for 48 hours. Tubes
from left to right contain Aeromonas hydrophila,
Enterobacter aerogenes, Citrobacter, Serratia
marcescens, Eschrichia coli, Arizona, Red
Mouth Organism, Pseudomonas fragei, Aeromonas
salmonicida, and uninoculated control agar.

Figure 2. Growth of Aeromonas and various Gram-
negative bacteria in tubed peptone-beef extract-
glucose (PBg) agar at 37°C for 24 hours. Tubes
from left to right contain Aeromonas hydrophila,
Enterobacter aerogenes, Citrobacter, Serratia
marcescens, Escherichia coli, Arizona, Red
Mouth Organism, Pseudomonas fragei,
Aeromonas salmonicida, and uninoculated
control agar.
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Figure 3. Colonies of Aeromonas hydrophila Ah-JZ 45
in PBG agar, incubated at 37 °C for 24
hours.

Figure 4. Colonies of Escherichia coli in PBG agar,
incubated at 37° C for 24 hours.
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Figure 5. Colonies of Enterobacter aerogenes in PBG agar,
incubated at 37°C for 24 hours.

Figure 6. Colonies of Citrobacter in PBG agar, incubated
at 37 °C for 24 hours.
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Figure 7. Colonies of Serratia MS.rcescens in PBG
agar, incubated at 37°C for 24 hours.

Figure 8. Colonies of Aeromonas salmonicida in PBG
agar, incubated at 25°C for 3 days.
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Plates used for isolation or counts of A. salmonicida must be

incubated at 25°C for 3 days. If A. hydrophila and the enterics are

present, they form large colonies in contrast to the pin point colonies

of A. salmonicida (Figure 8).

Characteristics of Bacterial Species Grown in PBG Agar

The results of plating numerous bacterial species in PBG Agar

are summarized in Table 10. Some of the organisms examined are

pathogens while some are not. Some species could be expected to

occur naturally in certain water samples, while others would not.

It may be noted that all of the Gram-negative organisms tested,

except Aeromonas proteolytica, Vibrio fetus, and V. marinas,

produced colonies in this medium. Only the several Aeromonas,

Vibrio, Pleisomonas, and Enterobacteriaceae cultures gave yellow

colonies after incubation for three days at room temperature.

When the plates are incubated at 25°C for 3 days to allow

A. salmonicida to develop, Aeromonas hydrophila, Vibrio

Pleisomonas, and the enterics appear as large (1. 0 mm) bright

yellow colonies in contrast to the pin point yellow colonies of

A. salmonicida. After incubation for 24 hours at 37°C, the enterics

are smaller than the aeromonads, and more of a brownish-orange

color. Those enterics that were found to give a confusing or ques-

tionable reaction in PBG Agar are noted in Table 10 with a + to
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draw attention to this fact. Colonies of the other Gram negative

bacteria were colorless, or surrounded by a blue alkaline zone.

Most of the Gram positive cultures failed to grow, although

Brevibacterium linens, Lactobacillus dextranicum and L. lactis,

Streptococcus faecalis and Strep. liquefaciens, and the genus

Bacillus were exceptions. These organisms produced very small

colonies that could be easily distinguished from those of the Gram-

negative organisms by size and brownish-orange color.

Based upon the reactions of the bacteria in Table 10, it

appears that any organism isolated from natural sources that gives

characteristic yellow colonies (0.5-1.0 mm after 24 hours at 37oC,

or pin point colonies after incubation at 25oC for 3 days) in this

medium under the specified conditions may presumptively be identi-

fied as either Aeromonas, Vibrio, or Pleisomonas. A somewhat

consistent phenomenon, observed when aeromonads are plated in

F'BG Agar, is gas production by a small percent (less than 2%)

of the colonies. This is evidenced by a small bubble of gas under

the agar overlay, which tends to dissipate with prolonged incubation.

The gelatinase and decarboxylase reactions would differentiate these

genera, of course. For example, Pleisomonas shigelloides does

not produce gelatinase while the other genera do. Aeromonas

hydrophila produces arginine dihydrolase but not lysine decarboxy-

lase, while the vibrios give the opposite reactions. A. salmonicida
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Table 10. Bacterial Species Examined for Their Ability to Grow in
PBG Agar, and to Produce Yellow Colonies After
Incubation at 25oC and 37oC.

Growth

Achromobacter spp.
Aeromonas dourgesi (ATTC 23211) +

Aeromonas hydrophila (ATCC 7966) +
Aeromonas liquefaciens (ATCC

14715)
Aeromonas proteolytica (ATCC

15338) NG
Aeromonas punctata (ATCC 11163) +
Aeromonas salmonicida

(ATCC 14174)
Arizona (CDC 170-71)
Arthrobacter spp.
Azotobacter agilis
Bacillus cereus
Bacillus coagulans
Bacillus megatherium
Bacillus subtilis
Bacillus thuringiensis
Brevibacterium linens
Brucella abortus
Brucella melitensis
Brucella suis
Chromobacterium lividum
Corynebacterium diphtheria NG
Corynebacterium xerosis NG
Citrobacter (CDC 3124-70)
Citrobacter (CDC 509-71)
Edwardsiella tarda (CDC 1483-59)
Enterobacter aerogenes

(CDC 3254-70)
Enterobacter cloacae

(CDC 1354-71)
Enterobacter hafniae

(CDC 1493-71)
Enterobacter liquefaciens

(CDC 4933-70)
Continued

Yellow colonies at

25
oC

37
oC
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Table 10 -- Continued.

Yellow colonies at
Growth 25 °C 37 °C

Erwinia aeroidea
Erwinia amylovora
Erysipelothrix rhusiopathiae (VDL) NG
Escherichia coli
Klebsiella pneumoniae
Lactobacillus acidolphilus NG
Lactobacillua bulgaricus NG
Lactobacillus citrovorum NG-
Lactobacillus dextranicum
Lactobacillus lactis
Listeria monocytogenes (VDL) NG
Micrococcus radiodurans NG
Neisseria catarrhalis NG
Padlewski (UOMS)
Pediococcus cerevisiae NG
Photobacterium fisherii
Photobacterium spp.
Pleisomonas shigelloides

(ATCC 14029)
Propionibacterium shermanii NG
Pseudomonas aeruginosa
Pseudomonas fluorescens
Pseudomonas fragei
Pseudomonas graveolens
Pseudomonas nigrifaciens
Pseudomonas putida
Pseudomonas putrefaciens
Pseudomonas stutzeri
Pseudomonas viscosa
Red Mouth Organism
Salmonella cholerasuis
Salmonella enteriditis
Salmonella paratyphi A
Salmonella paratyphi B
Salmonella pullorum
Salmonella typhirnurium
Salmonella typhosa
Sarcina flava NG
Sarcina lutea NG
Sarcina ureae NG

Continued
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Table 10--Continued.

Growth

Serratia marcescens
Shigella alkalescens
Shigella paradysenteriae
Shigella sonnei
Staphylococcus aureus NG
Staphylococcus epidermidis NG
Streptococcus cremoris NG
Streptococcus diacetilactis NG
Streptococcus faecalis
Streptococcus lactis
Streptococcus liquefaciens
Streptococcus thermophilus
Streptococcus zymogenes NG
Vibrio anguillarum
Vibrio alginolyticus
Vibrio cholerae (UOMS)
Vibrio fetus (VDL) NG
Vibrio marinus NG
Vibrio parahaemolyticus

Yellow colonies at
25

oC
37°C

1. A "+" means a positive response, a "-" indicates a negative
response.

2. A "+" represents atypical yellow colonies.
3. NG means did not grow.
4. At least 30 other strains of Aeromonas salmonicida and

members of the Aeromonas hydrophila-liquefaciens-punctata-
dourgesi complex have been examined for their ability to grow
in PBG Agar. All produced characteristic yellow colonies.

5. For purpose of clarity, technical names have not been underlined
in the table.
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can be recognized by its growth characteristics, lack of motility,

and ability to produce brown pigment.

Agar Overlay

The necessity of the agar overlay described on page 7 should

be emphasized. Any colony that grows_on the surface of the agar,

be it aeromonad or other, produces a large alkaline zone as evi-

denced by a prussian blue color. If peptone is the principal nutri-

ent, the pH can rise due to alkali formed by the deamination of

amino acids (Meynell and Meynell, 1965). This not only interferes

with the pH reaction of nearby sub-surface colonies, but occasion-

ally can be inhibitive to nearby colonies, as judged by the lack of

growth near or below the surface colony.

The necessity of having a dry nutrient surface before adding

the overlay is obvious, as microorganisms can be washed from a

moist surface to grow on top of the overlay, interfering with the

proper reaction. The overlay does not hinder the picking of a

colony by removing an agar plug or penetration with a sterile needle.

The overlay might also aid in increasing the amount of acid

produced from the glycogen. The amount of acid formed depends

partly on the manner in which a sugar is metabolized. Some species

metabolize sugars anaerobically to produce organic acids, but, if

oxygen is available, these are in turn broken down to water and CO2.
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The acid produced is therefore less under aerobic than under

anaerobic conditions, for example at the surface compared to the

depths in agar. The pH can also rise although the sugar is fer-

mented because of the amount of alkali produced by deamination of

the amino acids (Meynell and Meynell, 1965). Not only is the

glycogen content of this medium relatively low (4 gm/1) but the

amounts of peptone (10 gm/ 1) and beef extract (10 gm/1) are high.

Bacto-peptone has one of the highest total nitrogen and peptone

nitrogen contents of the peptones available (Difco Manual, 1953).

This medium has been used to monitor both A. salmonicida and

A. hydrophila in hatchery waters, to recover these organisms from

the intestines of experimentally infected fish, to determine their

growth rates, and to isolate A. hydrophila from other biological

samples.

While further experience with, and possible modifications of,

this medium will be required to completely define its usefulness

and reliability, it appears thus far to be superior to other available

media for the purposes mentioned.
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B. Comparative Characteristics of Virulent
and Avirulent Strains of Aeromonas

salmonicida

In Vivo Deterthination of Virulence

The relative virulence of several strains of Aeromonas sal-

monicida and Aeromonas hydrophila are shown in Table 11. The

strain to be examined was grown in BHI Broth, TSB, or PBg Broth

and incubated at 18°C for 48 hours (A. salmonicida) or 25 oC for 18

hours a. hydrophila). Fish were moved from their 54°F mainten-

ance temperature to the 59oF experimental temperature and held

for 2 days before use. The culture was diluted with sterile FRS to

the desired concentrations at 10 fold intervals after estimation of

the cell density with a Petroff-Hausser Counting Chamber using

phase microscopy. Plate counts using PBG Agar confirmed the

visual estimation. Fish were lightly anesthesized with methyl

pentenol and injected intramuscularly in the right pectoral area

with 0.05 ml of the culture. Dead fish were removed from the tanks

daily, autopsied, and kidney tissue cultured to confirm cause of

death. The LD
50

values, as determined from the mortality-dosage

regression lines, are given in the number of cfu necessary to kill

an estimated 50 percent of the population (Table 11). It was

necessary to use cfu instead of cell numbers because all cells might

not form visible colonies in PBG Agar, and because cells of
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Table 11. Origin and Virulence of
and Aeromonas hydrophila.

Strains of Aeromonas salmonicida

Strain Source Experimental
host Estimated L D

50

A. salmonicida

As- TH1-72 coho coho 1

As-5G coho coho 47

As-Sil coho coho 1 x 108

As- SS-70 chinook chinook 300

As- SS-70

attenuated

chinook coho 300

As-SS-70 chinook coho 4.4 x 105

A. hydrophila

Ah-K 1 shad chinook 1.3x 107

Ah-JZ 45 chinook steelhead 1.9x 107

1. LD50 estimated in terms of colony forming units calculated by
the probit method (Boyd, 1966).

2. All A. salmonicida strains were grown for 48 hours at 18°C in
a suitable broth and diluted with sterile frog Ringer saline.
A. hydrophila cultures were grown at 25°C for 18 hours and
diluted with sterile frog Ringer saline.

3. All infections were produced by the intramuscular or intraperito-
neal injection of the test organism.

4. Test fish were maintained at 59°F throughout the determination.
5. The average weight of fish ranged from 10 to 30 grams in

different determinations.

1/
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A. salmonicida tend to clump to a variable degree, obviating single

cell counts.

A. salmonicida strain As-TH1-72, which contained 3-5 cells

per clump, appeared to be the most virulent of the strains exam-

ined, with an estimated LD
50 of approximately 0.67 cfu (2-4 cells)

per fish. As-Sil, at the other end of the virulence scale, had an

estimated LD
50 of about 1 x 108 cfu per fish. The attenuated strain

of As-SS-70, after 34 passages on artificial media, had changed

from an LD
50 of about 300 cfu per fish of the parent to an estimated

4 x 105 cfu.

Aeromonas hydrophila strains had estimated LD
50s of between

1 x 106 and 2 x 107 cfu per fish, comparable to other reported val-

ues (Eddy, 1960; Shimizu, 1969).

In Vivo Experiments

Acridine Orange. Cells of the virulent A. salmonicida strain

As-TH1-72 were grown for 6 days at 18 °C C n the dark in 1% peptone

broth containing 10 p. gm per ml of filter sterilized acridine orange

(AO). This concentration of acridine orange has been found effec-

tive in eliminating plasmids from Gram-negative bacteria (Hayes,

1969). This strain was also inoculated into unadulterated 1%

peptone broth and incubated under identical conditions. Broths were

centrifuged at 400 x g and the pellets resuspended in fresh 1%
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peptone broth. After incubation at 18°C for 24 hours, cultures

were diluted with sterile FRS so that approximately 2 x 105 cfu

were contained in 0. 05 ml. Fish were anesthetized with benzo-

caine and injected intramuscularly. All fish that had received the

untreated cells and the AO treated cells died on the third day post

injection. Fish were not cultured to see if the pathogen could be

recovered from the kidney, but all had typical lesions at the site

of injection. That AO treated A. salmonicida is pathogenic to

fish tends to indicate that pathogenicity, at least in strain As-TH1-

72, is not controlled by the presence of a plasmid.

Bacteremia. About 100 LD
50

doses of As-Thl -72 and

attenuated As-SS-70 were injected intramuscularly into 15 juvenile

coho averaging 28 grams in weight. To determine the onset and

duration of bacteremia, three fish were sampled at 12 hour intervals

by severing the caudal artery. One drop of blood (about 0.05 ml)

was added to 1 ml sterile FRS, vortexed, and plated using PBG

Agar. Both aeromonad strains were recovered from most of the

blood samples 12 hours after infection. No samples yielded isolates

at hours 24 and 36. Only one of the three specimens from the

avirulent A. salmonicida injected group yielded an isolate at 48

hours post injection. At 60 and 80 hours post infection, A.

salmonicida was recovered from 100% (3 of 3) of the specimens

from each group which had been injected with viable cells. Controls
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which had been injected with sterile PBg Broth yielded no isolates

of A. salmonicida throughout this study.

These data in d ic at e that when A. salmonicida is intra-

muscularly injected into juvenile coho, there is an initial bacteremia

where the organisms can be spread throughout the body. Most of

the cells then become localized in the tissues, or are removed by

the host defenses, as they apparently disappear from the blood.

The localized cells then appear to start to multiply, possibly after

destroying the host defenses, producing a massive bacteremia

shortly before death of the host.

Phagocytosis. Pooled blood samples from the fish in the

bacteremia experiment were collected for white blood cell (WBC)

preparations. After recovering the viable WBC by the established

method (Section C), slides were prepared and examined by phase

microscopy for evidence of in vivo phagocytosis. There was a

virtual absence of phagocytosis of both virulent and avirulent strains

observed throughout this study, indicating that in an acute infection,

the host defenses either do not become functional in time, or that

they are overwhelmed by the pathogen.

Appearance of Recoverable Bacteria in Kidney Tissue Cultures.

Kidney tissue samples from the juvenile coho in the bacteremia

experiment were cultured to determine when the infecting organism

could be recovered in relation to the time of bacteremia, the amount
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of phagocytosis, and the relative virulence of the strains.

One loopful (about 0.03 ml) of kidney tissue was streaked

on BHI Agar containing skim milk and incubated at 25°C for 4 days.

The identities of suspect colonies were confirmed. Cultures of

A. salmonicida were obtained from fish injected with As -TH1 -72

at 12 hours post infection but not at 24 hours. At 36 hours post

infection, the organism was recovered from 1 of 5 fish, and at

48 hours from 2 of the 5 specimens. Both the 60-hour and 80-hour

samples yielded 100% (5 of 5) recoveries.

These data, integrated with those from the bacteremia study,

tend to imply that a nidus of infection is established, possibly in

the kidney, during the primary stages of the infection. Then

virulent Aeromonas salmonicida As -TH1-72 became non-

recoverable from the blood and kidney tissue, by the methods em-

ployed in this study, for the next 12-24 hours. This could be due to

the specific or non-specific host defenses, or to a change in the

physiological condition of the host or pathogen. Nevertheless,

As-TH1-72 appears to be able to overcome these defense mechanisms

and start becoming more populous (hours 24-36 and later). An over-

whelming infection, and concomitantly death, results.

The group of fish injected with about 100 LD50 doses of

attenuated As-SS-70 yielded recoveries at all sampling periods,

possibly due to the large number (about 4 x 107) of organisms
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originally injected. In either case, A. salmonicida was recovered

from none of the controls.

In Vitro Experiments

Growth on 1.5% NaCI Agar. Colony appearances of A.

salmonicida strains As-SS-70 and As -Sil were noted after growth for

72 hours at 25°C on 1% peptone agar containing 1.5% NaCl. Col-

onies of virulent As-SS-70 appeared convex, cream colored, opaque,

and granular (Figure 9). Also, they could be moved around on the

agar surface without disruption of the colony integrity. Conversely,

strain As-Sil, the avirulent representative, was translucent, slightly

convex, had a bluish-green tint when viewed with oblique light

(Figure 10). This type of colony was easily penetrated with a needle.

In the process of attenuating strain As-SS-70, successive transfers

gradually assumed non-granular colony characteristics (Figure 11).

This difference in colonial characteristics was the most significant

difference found between the virulent and avirulent strains.

Immunodiffusion Experiments. Five ml of turbid TSB

cultures were used to surface seed 300 ml BHI Agar in Povitsky

flasks. Incubation was at 25 oC for 3 days. The confluent growth

from 3 flasks was then harvested with 20-25 ml of 0.1 M Tris buffer,

pH 9. 0, and sonicated for one minute per ml. Sonicates were then

centrifuged at 8,700 x g, and the supernatants stored at -70°C until



Figure 9. Colony of virulent Aeromonas salmonicida
As-SS-70. Primary growth from lyolphil-
ization tube on 1% peptone agar containing
1.5% NaC1 and incubated at 25°C for 3
days (500x).

Figure 10. Colonies of avirulent Aeromonas salmonicida.
Primary growth from lyophilization tube on
1% peptone agar containing 1.5% NaC1 and
incubated at 25°C for 3 days (500x),
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Figure 11. Colony of attenuated As -SS -70. Fifteenth
transfer on 1% peptone agar containing
1.5% NaC1 and incubated at 25°C for 3
days (590x).



69



70

needed.

Dry weights of the sonicates, determined after drying at

105oC for 24 hours, were as follows, in mg per ml: As-SS-70,

35.1; attenuated As-SS-70, 76.5; As -Sil, 45.4; As -TH1-72, 60. 9;

As-SS1-72, 79.3; and As-ATCC 14174, 67.2.

The As-SS-70 and As-Sil sonicates were fractionated on

Sephadex G 100, using 0.1 M Tris buffer, pH 9.0 as the elutent.

After voiding the first 35 ml to pass through the column, forty 5 ml

samples were collected at a flow rate of 60 ml per hour. Fraction 6

of each sonicate contained most of the turbidity, while the pigment

was found in fractions 25 through 35.

Immunodiffusion slides, using pH 7.4 barbital buffered agar,

were prepared and inoculated with the various sonicates and

antisera. Rabbit anti-A. salmonicida antisera to whole cell antigens

of As-SS-70 and As -Sil were used for comparative purposes.

Antigenic comparisons of some of the strains are shown in Figures

12 and 13, after diffusion and precipitation had occurred for 3 days

at 25 °C. The two visible precipitin lines of As-SS-70 and As-Sil

are seen to fuse in Figure 12 when anti-As-SS-70 antiserum is used.

This indicates that As-SS-70 and As-Sil sonicates appeared to be

antigenically identical, when tested in an unconcentrated form

against antiserum to As-SS-70.

Figure 13 shows the results when approximately 20-fold



Figure 12. Immunodiffusion pattern of unconcentrated
sonicates of As-SS-70 and As -Sil in pH 7.4
barbital buffered agar. Rabbit anti-As-SS-70
antiserum was placed in center well,
As-SS-70 sonicate in the left well, and
As-Sil sonicate in bottom well. Incubated at
25 °C for 3 days.

Figure 13. Immunodiffusion pattern of 20-fold concentrates
of sonicates of As-SS-70 and As -Sil in pH 7.4
barbital buffered agar. Rabbit anti-As-SS-70
antiserum was placed in center well, As-SS-
70 concentrated sonicate in the left well, and
concentrated As-Sil sonicate in the bottom
well. The right well contained the Sephadex
G-100 Fraction 6 of As-SS-70. Incubated at
25°C for 3 days.
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concentrates of these sonicates were prepared by dialysis against

polyethylene glycol, and compared to As-SS-70 fraction 6. As

can be seen, fraction 6 contains the two precipitin lines that appear

to be identical to those of As-SS-70 and As-Sil. Use of the concen-

trated sonicates allowed a fast moving antigen to be observed in the

As-SS-70 sonicate that was not present in the As-Sil sonicate or

As-SS-70 fraction 6 when As-SS-70 antiserum is used. This indicates

that an antigenic component was present in the virulent As-SS-70

sonicate that could not be detected in the avirulent As-Sil sonicate.

This was the second significant difference noted between these two

cultures.

Leucocytolysin. Various dilutions (0. 1 and 0.2 ml) of the

As-SS-70 and As-Sil sonicates were added to the WBC preparations

from juvenile steelhead trout. Tris buffer, 0.1 M, pH 7.4, was

used as the diluent with Hbss serving as the control solution. The

sonicate-WBC suspensions were incubated at 25 oC for 30 minutes

before slides were prepared and observed by phase microscopy.

Both the As-SS-70 and As-Sil sonicates, at a 1:3000 dilution, lysed

most of the WBC: those that were not lysed were killed. These

effects were not observed at a dilution of 1:30, 000. Tris buffer

exposed cells showed viability throughout this study at all correspond-

ing dilutions. This would tend to indicate that both As-SS-70 and

As-Sil strains of A. salmonicida produced a leucocytolytic agent
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in a 1:3000 dilution. WBC exposed to Tris buffer showed viability

at all corresponding dilutions, indicating that the diluent exerted

no deleterious effects.

Cytopathic Effect in Tissue Culture Cells. In order to deter-

mine if As-SS-70 and As -Sil sonicates could produce cytopathic

effects (CPE) in salmonid cells, chinook embryo cells, strain

CHSE-214, were planted in microtiter plates at an initial concen-

tration of 4 x 105 cells per ml. After filter sterilization through

a 0.22 p, membrane, sonicates of As-SS-70 and As -Sil were serially

diluted 2-fold with sterile MEM. Sterile Tris buffer, 0.1 M, pH 7.2,

was diluted with MEM to serve as the control. Each of the tripli-

cate wells contained 0.2 ml of the cell suspension and 0.1 ml of the

sonicates, Tris buffer, or MEM. This would determine which com-

ponent--the sonicate or the buffer-- was responsible for possible

CPE. Cells were examined after 7 days incubation at 18°C for

possible CPE. CPE was present, as judged by cell size and shape

and the overall appearance of the monolayer, in both sonicates at a

final dilution of 1:320, indicating the presence of some cytotoxic

agent. Cells exposed to the diluted Tris buffer did not show any

deleterious effects.

In Vitro Phagocytosis. Broth cultures of As-SS-70 and As-SiI

were centrifuged, washed once with Hbss, and resuspended in Hbss

to one-half their original volume. One-tenth ml of these suspensions
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were added to 1.5 ml non-immune, heparinized juvenile steelhead

blood and incubated at 18°C for 30 minutes. At that time WBC

slides were prepared as described above. Phase microscopy was

used to count the number of microorganisms that appeared to have

been engulfed by polymorphonuclear leucocytes (PMN). The fol-

lowing number of bacteria were counted in 30 PMN from each dup-

licate run; As-SS-70, 12 and 15; As-Sil, 16 and 12.

This indicates that phagocytosis was minimal to non-existent

when non-immune juvenile steelhead blood was used to determine

the phagocytic rate.

It was surprising that the avirulent strain was not engulfed by

phagocytes in greater numbers than the virulent strain, since many

bacterial virulence factors are anti-phagocytic factors (Burrows,

1963).

Hyaluronidase. The amount of N-Acetyl-Glucosamine

reacting material released from various mucopolysaccharides by

hyaluronidase was studied by the method of Males and Turkington

(1970). Hyaluronidase activity by A. salmonicida was not detected

when chondroitin sulfate, heparin, hyaluronic acid, beef synovial

fluid, and coho mucous were used as substrates.

Fibrinolysin. Citrated plasma was prepared from sterile

rabbit blood obtained by cardiac puncture. Plasma was added to

sterile, molten (56°C) 1% peptone agar and held at this temperature
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for 15 minutes before pouring into Petri dishes. After growth on

the agar for 3 days at 25°C, all strains of A. salmonicida produced

about the same amount of clearing in the turbid medium, indicating

about the same amount of fibrinolys in production.

Hemolysin. Hemolysis was detected when horse blood and

sheep blood were added to 1% peptone agar at a concentration of 5%,

inoculated with A. salmonicida and incubated at 25°C for 3 days.

Both virulent and avirulent strains were hemolytic.

RNase. No RNase was found when acridine orange and yeast

RNA were added to Nutrient Agar, inoculated with Aeromonas

salmonicida cultures and observed under ultraviolet light.

Gelatinase. A. salmonicida cultures gave a positive indication

of gelatinase activity after 3 days incubation at 25°C when 10% gelatin

was added to 1% peptone agar and flooded with acidic mercuric

chloride.

Lipase. All A. salmonicida strains showed lipolytic activity

when grown on 1% peptone agar containing 0. 5% Tween 80 by the

deposition of insoluble oleate around the colony.

Elastase. Powdered elastin produces an opaque medium when

added to 1% peptone agar at a final concentration of 1%. When A.

salmonicida cultures were grown on this medium, all produced

about the same amount of clearing around the colonies, indicating

that approximately the same amount of elastase was produced by
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Table 12. Some Extracellular Enzymes Found in Virulent and
Avirulent Strains of Aeromonas salmonicida.

Strain

Hyaluronidase
Fibrinolys in
Horse blood agar

hemolysin
Sheep blood agar

hemolys in
DNase (NA)
RNase
Gelatinase + + + + + +
Lipase + + + + + +
Elastase + + + + + +
Caseinase + + + + + +

1. All cultures were incubated at 25°C for three days except
Hyaluronidase (1 day).and Elastase (5 days),

virulent and avirulent A. salmonicida.

Caseinase. All Aeromonas salmonicida strains produced

proteinase capable of hydrolyzing skim milk as shown by agar

and broth tests. No relationship was shown to the virulence of the

isolate.

These studies, reported in Table 12, tend to confirm that A.

salmonicida is biochemically homogeneous, and that virulence is not

correlated with any of the extracellular enzymes studied.
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C. Effect of Water Temperature on eromonas Infections

Aeromonas salmonicida Infection in Juvenile Coho Salmon

Results of the experiments involving coho infected with

Aeromonas salmonicida strain As-5 G are shown in Table 13. Fish

were tempered to the various temperature levels at the rate of a

5
oF change every 48 hours. These 28 gram fish were then lightly

anesthesized with methyl pentenol, and injected intramuscularly

with 0.05 ml of broth diluted to contain about 2.3 LD50
doses (110

cfu per fish). Control fish received a sham injection of 0.05 ml of

a sterile filtrate of the broth, diluted to the same extent as the

infectious broth. Fish were immediately returned to fresh water,

and observed for 55 days. Dead fish were collected daily, autop-

sied, and kidney tissue samples cultured on Furunculosis Agar

modified by the addition of 2 gm skim milk solids per liter. After

48 hours incubation at 25°C, suspect colonies were picked to other

media and their identification confirmed.

Fish held at the 74°F experimental temperature are not in-

cluded in these results due to the high mortality suffered by the

controls. The same percent mortality (100%) of the infected fish

was achieved at 69oF with greatly lessened death of controls.

As seen in Table 13, it is apparent that among the infected



Table 13, Effect of Water Temperature on Aeromonas salmonicida Infection in Juvenile Goho.Salmon.

Water
temperature

Fraction
Experiment 1

of fish in each

Controls

group that died
Experiment 2

Percent mortality
two experiments combined
Infected Controls

Mean time
to death

(days)Infected Infected Controls

23.3 °C (74 °F) 25/25 13/25 25/25 20/25 100.0 66.0 3.0

°C
o

20.6 (69 F) 25/25 2/25 25/25 0/25 100.0 4.0 3.5

°C
o

17.8 (64 F) 24/25 3/25 23/25 5/25 94.0 16.0 4.5

15.0°C (59°F) 16/25 0/25 19/25 0/25 70.0 0.0 6.8

12.8 °C (54 °F) 9/25 0/25 12.25 0/25 42.0 0.0 9. 0

F)9.4oC(49 F) 11/25 0/25 12/25 0/25 46.0 0.0 12, 9

6. 7
o

C (44
o

F ) 2/25 0/25 4/25 0/25 12.0 0.0 23.5

3.9°C (39°F) 4/25 0/25 3/25 0/25 14.0 0.0 36.4

1. Average weight of experimental fish was approximately 28 grams.
2. Fish were infected by an intramuscular injection of about 2.3 LD50

doses (110 organisms) of a 48 hour broth culture of A. salmonicida strain
As-5 G. Control fish received a sham injection of a sterile filtrate of the broth diluted with sterile frog Ringer saline.

3. All groups of fish were held at the indicated temperatures for 55 days. Dead fish were collected daily, autopsied, and cultures made from
kidney tissue.

4. The deaths of control fish at 74
oF are presumably due to the fact that this temperature is slightly above the upper limit of tolerance for

juvenile coho. Both unfavorable physiological effects and activation of some resident microorganisms with potential pathogenic properties
apparently contributed. A. hvdrophila was isolated from the kidney in some cases, and abundant external growth of a fungus was observed
on many fish at this temperature.

5. The least significant difference between percent mortality values was determined to be 14.1% at the 0.0S probability level and 19.4% at the
0.01 probability level (Appendix, A).
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groups, the percent mortality decreased in a step-wise manner

from 100% at 69°F to 12% and 14% at 44°F and 39°F, respectively.

In three instances, a 5°F decrease did not significantly alter the

percent mortality; this is evident at 69°F and 64°F; 54°F and 49°F;

and 44 oF and 39 oF. However, mortality was significantly lower at

59°F than at 64°F, at 54°F than at 59°F, and at 44°F than at 49°F.

The data tend to indicate that the development of a fatal infection in

juvenile coho salmon is impeded at water temperatures of 44°F and

below, and progressively enhanced at water temperatures of 49 F

and above.

Microbiological Examination of Juvenile Coho Salmon Kidney Tissue

Table 14 shows the results of culturing kidney tissue from

the infected groups of coho. A. salmonicida was recovered from the

majority (52% to 100%) of the individuals that succumbed to the in-

fection at each temperature. These recoveries tend to indicate that

death was due to the specific Aeromonas infection. It may be pre-

sumed that the remaining fish from which the organism was not

recovered also died of the infection, since all control fish at these

temperatures remained healthy after receiving a sham injection and

being held under the same conditions. Aeromonas salmonicida was

not recovered from the kidney of any of the infected fish that sur-

vived to the end of the observation period. Presumably the injected



Table 14. Recovery of Aeromonas salmonicida by Culture of Kidney Tissue of Juvenile Coho Salmon.

Water
temperature

Proportion of experimentally infected fish yielding positive cultures at autopsy
Fatally infected fish Surviving fish

No. positive Percent
positive

No. positive
No. tested No. tested

23.3 oC (74 oF) 43/50 86.0 0/7
20.6°C (69°F) 41/50 82.0 0/9
17.8°C (64°F) 31/47 66.0 0/3
15.0°C (59°F) 25/35 71.4 0/15
12. 8oC (54oF)

11/21 52.4 0/29
9.4°C (49°F) 14/23 60.8 0/27
6. 7°C (44°F) 6/6 100.0 n. t.
3.9oc (39oF) 6/7 85.7 n. t.

1. 25 control fish from the 39°F and 44°F groups, and all 50 controls in each of the other 6 temper-
ature groups were examined by culturing kidney tissue on Furunculosis Agar (Difco).
A. salmonicida was not isolated from any of these fish.

2. n, t. indicates not tested.
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organisms had been removed by the body defense mechanisms of

these individuals. In order to strengthen this supposition, fish

surviving to the end of the experiment were moved, at the sarrie

rate as used to temper fish, to water at 69 oF and held for 5-10

days. While this temperature is favorable to the development of

this infection, no deaths occurred. When these fish were sacri-

ficed and autopsied, A. salmonicida was not recovered from the

kidney of any of them.

Relationship of Time to Death and Temperature

Regression analysis confirmed the linear relationship between

the log of the mean day to death and water temperature (Figure 14).

A correlation coefficient of -0.8850 was computed and found to be

highly significant (Appendix B). This relationship is indicative that

progress of a fatal infection was accelerated at the higher temper-

atures, and progressively retarded at the lower temperatures

studied.

Effect of Temperature on In Vitro Growth Rates of As-5 G

The effect of water temperature upon the average time from

infection to death could be an expression of the combined influence

of temperature on growth of the bacterium and on the defense mech-

anism of the host. To aid in clarifying this question, the growth
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rates of strain As-5 G were determined at each of the eight tem-

peratures used in the fish experiments.

A flask of peptone-beef extract-glucose broth was inoculated

with As-5 G to give an initial concentration of approximately 2 x 105

cfu per ml. The inoculated broth was distrbuted in 3 ml aliquots

in 100 mm x 13 mm screw cap culture tubes. Five replicate tubes

were then incubated at each of the eight temperatures. Growth was

measured by determining optical density (0.D.) changes at 650 nm

after various intervals of incubation. The blank for the Spectronic

20 spectrophotometer was a tube of broth that had been heated to

kill the inoculum. The growth rates computed from the average

O.D. changes are shown in Figure 15. A duplicate experiment

later confirmed these results.

Aeromonas salmonicida As-5 G grew very slowly at 39°F

and 44°F, with the rate of growth increasing with each 5°F increase

in temperature. The maximum rate of growth in this experiment

was observed at 69°F. Thus the effect of temperature on the in vitro

growth rate of A. salmonicida appears to closely follow a pattern

similar to its effect on mortality among infected juvenile coho. In

other words, high temperatures resulting in the most rapid

growth of A. salmonicida in vitro resulted ;.n the shortest

mean time to death among infected fish, while slow growth



. 44

. 40

. 36

. 32

. 28
tr)

.24
CO

rts
a) .20

cd

2 ,16
0

. 12

08

. 04

84

10 20 30 40 50 60 70 80
Incubation period (hours)

90

Figure 15. Effect of temperature on growth rate of Aeromonas
salmonicida As-5G in Peptone-beef extract-
glucose broth.



85

rates at lower temperatures were associated with longer mean

times to death of fish. The data in Figure 14 suggest that tempera-

ture also controls the growth rate of the organism in vivo; this in

turn appears to have a major controlling influence on the progress

of the infection in injected juvenile coho salmon.

Aeromonas salmonicida Infection in Juvenile Spring Chinook Salmon

In further experiments with A. salmonicida, juvenile spring

chinook salmon were tempered to the eight experimental tempera-

tures by the established method., These ten gram fish were lightly

anesthesized with methyl pentenol and injected intraperitoneally

with 0.05 ml of a broth culture of strain As-SS-70. The infecting

dose contained about 1.4 LD
50

doses, or 425 cfu per fish, while the

control inoculum was 0.05 ml of sterile FRS. Fish were observed

for 35 days post inoculation for the development of lesions and death.

Dead fish were collected once a day, autopsied, and cultures made

from kidney tissue.

The results of these .experiments are shown in Table 15. It is

apparent that there was a variation in the percent mortality observed

at the different temperatures, with some of the differences statis-

tically significant. However, the consistent reduction in mortality

with decreasing temperature, as seen in the coho experiments, was

not observed with spring chinook. The results obtained in 6 of the 8



Table 15, Effect of Water Temperatu eon Aeromonas salmonicidainfection in Juvenile Spring Chinook Salmon.

Water
temperature

Fraction of
Experiment 1

fish in each group

Controls

that died
Experiment 2

Controls

Percent mortality
two experiments combined

Infected Controls

Mean time
to death

(days)Infected Infected

23.3°C (74°F) 22/25 0/25 20/25 0/25 84.0 0.0 2.9

20.6°C (69°F) 18/25 0/25 22/25 1/25 80.0 2.0 3.5

17.8°C (64°F) 19/25 1/25 17/25 0/25 72.0 2.0 4.6

15.0 C ( 59 oF ) 23/25 0/25 25/25 0/25 96.0 0.0 7.0

12.8
o
C (54

oF)
16/25 2/25 19/25 1.25 70.0 6.0 8.1

9.4 °C (49
o
F) 16/25 0/25 14/25 0/25 60,0 0.0 11.3

6. 7
oC

(44
oF)

6/25 1/25 13/25 2/25 38.0 6.0 14.6

3.9°C (39 °F) 18/25 0/25 16/25 1/25 68.0 2.0 18.4

1. Average weight of experimental fish was approximately 10 grams.
2. Fish were infected by an intraperitoneal injection of about 1.4 LDso doses (425 organisms) of a 48 broth culture of A. salmonicida strain

As-SS-70. Control fish received a sham injection of 0.05 ml of sterile frog Ringer saline.
3. All groups of fish were held at the indicated temperatures for 35 days. Dead fish were collected daily, autopsied, and cultures made from

kidney tissue.
4. The least significant difference between percent mortality values was determined to be 14.9% at the 0.05 probability level and 20.5% at

the 0.01 probability lever (Appendix A).
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temperature groups are compatible with such a trend, but the

mortality at both 59°F and 39°F were higher than was expected.

In both cases the values were significantly different from those for

the adjacent temperature groups. Reasons for these irregular, or

at least unexpected, results are not apparent, though it appears that

some variable other than temperature exerted an undetermined

effect. The experimental method differed in three details from those

of the coho experiments. A. salmonicida strain As-SS-70 was used

instead of strain As-5 G; approximately 1.4 LD50 doses were ad-

ministered instead of 2.3 LD
50

doses; and the route of inoculation

was intraperitoneal instead of intramuscular. However, there seems

to be no a priori reason to assume that these differences could ac-

count for the irregularities.

The dissolved oxygen level in water at the various tempera-

tures was measured to eliminate oxygen stress as a contributing

factor. Dissolved oxygen was found to vary from 6.8 ppm (69 F)

to 10.8 ppm (39oF), indicating that nom-stressful amounts of oxygen

were present.

E.ffect.of Temperature on In Vitro Growth Rates of As-SS-70

The in vitro growth rates of strain As-SS-70 were determined

to eliminate the possibility that temperature affected the strains

differently. Strain As-SS-70 was inoculated into peptone-beef
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extract-glucose broth at an initial concentration of 104 to 105 cells

per ml. As in the previous determination, 3 ml aliquots were

distributed into 100 mm x 13 mm screw cap tubes and incubated

at each of the eight temperatures. The 0. D. changes were recorded

at 650 nm, with uninoculated broth serving as the blank. Figure 16

shows the average 0. D. changes at various intervals of incubation,

As before, a duplicate run at a later date confirmed the growth

dynamics.

As can be seen, strain As-SS-70 grew slowly at the lower

temperatures, with progressively higher temperatures yielding

faster 0. D. changes. Thus, the effect of temperature on the growth

rates of both strains of A. salmonicida appears to be similar. Also,

higher temperatures resulting in faster growth rates were associ-

ated with shorter mean times to death as described below. The

data show that with Aeromonas salmonicida, temperature controls

the rate of growth in vitro, which in turn has a major controlling

effect on mortality in infected juvenile salmonids.

Microbiological Examination of Juvenile Spring Chinook Kidney Tissue

The results of culturing kidney tissue from fatally infected

spring chinook are shown in Table 16, Aeromonas salmonicida was

recovered from the majority of these fish in each temperature group.

Inoculated fish that survived the infection were not examined by
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Table 16. Recovery of Aeromonas salmonicida by Culture of Kidney Tissue of.Juvenile Spring
Chinook Salmon..

Water
temperature

Proportion of fatally infected fish yielding positive cultures
at autopsy

No. positive Percent
positiveNo. tested

23.3°C (74°F) 35/42 83.2
20.6°C (69°F) 35/40 85.0
17.8°C (64°F) 31/36 86.1

ooc (59on 33/48 68.8
12.8°C (54°F) 33/35 94.3
9.40C (49°F) 20/251/ 80.0
6.7°C (44°F) 12/19 63.2
3.9oc (39oF)

29/34 85.3

1; Only 25 of the 30 dead fish in this group were cultured, as the tissues of the remaining 5 had
undergone some decomposition.

2. 10 control fish from each of the temperatures were examined by culturing kidney tissue.
A. salmonicida was not isolated.
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kidney culture in this case.

Relationship of Time to Death and Temperatures

The mean interval between infection and death was determined

by combining data from the two experiments. It was found to be 2. 9

days at 74°F, and to progressively increase as the water tempera-

ture decreased, reaching a maximum of 18.4 days at 39 oF. When

the log of the mean day to death was plotted against temperature

(Figure 17), a linear relationship was revealed, exactly as in the

coho salmon experiments. Regression analysis confirmed this

relationship, with a correlation coefficient of -0.8229 (Appendix B).

Figure 17 shows that in juvenile spring chinook salmon also, the

time to death was retarded at the lower temperatures, and acceler-

ated at increased temperatures. This again suggests that tempera-

ture controls the growth rate of the bacterium in vivo. At 39°F and

44 oF, the spring chinook succumbed to the infection nearly twice as

rapidly as did the coho, although at temperatures of 54°F and above,

the average times to death were closely similar for the two species.

Aeromonas hydrophila Infection in Juvenile Steelhead Trout

The mortality data from the duplicate experiments involving

Aeromonas hydrophila strain Ah-K 1 as the infectious agent are

presented in Table 17. Juvenile steelhead trout, weighing about 25
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Table 17. Effect of Water Temperature onAeromonas hydrophila Infection in Juvenile Steelhead Trout.

Water
temperature

Fraction
Experiment 1

of fish in each

Controls

group that died
Experiment 2

Percent mortality
two experiments combined

Infected Controls

Mean time
to death

(days)Infected Infected Controls

23.3
oC

(74°F) 28/35 0/35 28/35 0/35 80.0 0.0 1.6

20.6
oC

(69°F) 18/35 0/35 26/35 0/35 62.9 0.0 1.7

17.8°C (64°F) 26/35 0/35 19/35 0/35 65.6 0,0 2.2

15.0°C (59°F) 9/35 0/35 18/35 0/35 38.6 0.0 2.0

12.8°C (54°F) 10/35 0/35 15/35 0/35 35.7 0,0 3.3

9.4°C (49°F) 0/35 0/35 0/35 0/35 0,0 0.0

6.7°C (44°F) 0/35 0/35 0/35 0/35 0.0 0.0

3.9°C (39°F) 0/35 0/35 0/35 0/35 0.0 0.0

1. Average weight of experimental fish was approximately 25 grams.
2. Fish were infected by an intramuscular injection of about 1.7 LD50 doses (2.2 x 10 5

organisms) of an 18 hour broth culture of
hydrophila strain Ah-K 1. Control fish received a sham injection of a sterile filtrate of the broth diluted with sterile frog Ringer saline.

3. All groups of fish were held at the indicated temperatures for 27 days. Dear fish were collected daily, autopsied, and cultures made from
kidney tissue.

4. The least significant difference between percent mortality values was determined to be 16.07% at the 0.05 probability level and 22. 13% at
the 0.01 probability level (Appendix A).
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grams each, were randomly distributed into the appropriate tanks.

The 35 fish in each group were tempered to the eight water temper-

atures by the previously described method. Approximately 1.7 LD50

doses, or 2.2 x 107 cfu, were injected intramuscularly into the right

pectoral area. Control fish were injected with the sterile broth

filtrate diluted with sterile FRS. All groups were held at their res-

pective temperatures for 27 days. Dead fish were collected daily,

autopsied, and cultures made from kidney tissue. Infected indivi-

duals that survived the 27-day observation period were sacrificed

and examined in the same manner. Ten control fish from each tern-

perature from 74oF through 54oF were also sacrificed and examined.

As seen in the mortality data in Table 17, the highest percent

mortality occurred among the infected fish at 74oF, while all the

sham injected controls survived this temperature. Mortality was

significantly reduced at 690F and was essentially the same at 640F.

A further significant reduction is evident at 59oF and 54oF, where

38. 6% and 40. 1% of the fish died, respectively. Progress of the

disease was apparently halted at 49 oF and below, as no deaths oc-

curred at these temperatures. As with the infections caused by A.

salmonicida, increased mortality tended to be associated with in-

creased temperatures.



95

Relationship of Time to Death and Temperature

The mean interval between infection and death for these ex-

perimental fish is seen in Table 17. The interval was found to in-

crease slightly from 1.65 days at 74°F to 3.3 days at 54°F, in-

dicating that temperature exerted some effect on time to death

after infection.

Microbiological Examination of Juvenile Steelhead Trout Kidney
Tissue

The results of culturing kidney tissue from the infected groups

of steelhead are shown in Table 18. Sixty-eight to 93% of the in-

fected fish that died yielded cultures of A. hydrophila. These data

provide supportive evidence that death of these individuals was

caused by the injected organism. It may be presumed that the re-

maining fish in these groups, from which the organism was not

recovered, also died from the infection, since all but one of the

control fish remained healthy. Some of the injected fish that sur-

vived to the end of the observation period still harbored the organism

in their kidneys: 23 percent (3 of 13) of the survivors at 74°F

yielded positive cultures, with the recovery rate decreasing to 2

percent at 54 oF (1 of 42). The recovery rates are shown in Table 18.

None of those at 49°F or below yielded the organism. Because of

the small numbers of surviving fish from which the organism was



Table 18. Recovery of Aeromonas hydrophila by Culture of Kidney Tissue of Juvenile Steelhead Trout.

Proportion of experimentally infected fish yielding Positive cultures at autopsy
Water Fatally infected fish Surviving fish
temperature No. positive Percent positive No. positive Percent positive

No. tested No. tested

23.3°C (74°C) 41/S7 72.0 3/13 23.1

20.6°C (69°F) 30/44 68.2 7/25 28.0

17.8°C (64°F) 38/47 80.7 4/23 17.4
o15.0°C (59 F) 26/28 92.8 3/43 7.0

12.8°C (54°F) 21/27 77.7 1/42 2.4

9.4°C (49°F) 0 0 0/70 0

6.7°C (44°F) 0 0 n. t.

3-9°C (39 °F) 0 0 n. t.

1. Ten uninfected control fish from each of the following temperature groups were tested for the possible presence of A. hydrophila:
23.3°C (74°F ), 20.6°C (69°F ), 17.8°C (64°F), 15.0 C (59°F), and 12. 8 °C (54°F). Among these fifty fish, only one yielded a culture
of the organism.

°(49F), 6.-°- o2. No deaths occurred in the 9.4°C 7 C (44°F), and 3.9o
C (39

o
F) groups of fish. All 70 of the survivors at 9.4 C (49 °F) were

cultured for the organism, but all were negative.
3. n. t. indicates not tested.
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recovered, the differences in percent positive cultures between

any two adjacent temperatures are not statistically significant.

At the end of the 27-day observation period, the infected fish

that had been held at 39°F, 44°F, and 49°F, and among which no

deaths had occurred, were transferred to aquaria supplied with

water at higher temperatures. The 39 oF groups were tempered to

59oF water, the 44oF groups to 64oF water, and the 49oF groups to

69
oF water. This was done to determine if it was possible that

small numbers of A. hydrophila, which might be surviving in some

organ or tissue, could be activated at the elevated temperatures and

produce a fatal infection. These fish were held at the higher tem-

peratures for five days, but no deaths occurred. This suggests that

those organisms originally injected into the fish held at the three

lower temperatures had died out and been disposed of by the host

defenses.

Effect of Temperature on In Vitro Growth Rates of Ah-K 1

The in vitro effect of temperature on the growth rates of

A. hydrophila K 1 was also determined. Peptone-beef extract-

glucose broth was inoculated with strain K 1 at an initial concen-

tration of 104 to 105 cells per ml and distributed in 100 mm x 13 mm

screw cap tubes. The three ml aliquots were then incubated at each

of the eight experimental temperatures. Growth was determined
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by spectrophotometer at 650 nm, with uninoculated broth serving as

the blank. The observed growth rates, based on 0. D. changes,

are shown in Figure 18. In this case as with the others, higher

temperatures resulted in faster growth rates, and coincided with

the shorter mean times to death for the injected fish.

Aeromonas hydrophila Infection inJtvenile Goho Salmon

Juvenile coho salmon, with an average weight of 25 grams,

were infected with A. hydrophila strain Ah-JZ 45. As with the

steelhead, each group consisted of 35 fish that had been tempered

to the appropriate water temperature. A total of 1,120 fish were

thus used in the two concurrent experiments. After anesthesization

with benzocaine, fish received an intramuscular injection of 2.25 x

107 cells per fish (those at 54°F and below) or 2. 9 x 107 cells per

fish (those at 59°F and above). In either case, control fish re-

ceived 0.05 ml of a sterile filtrate of the BHI Broth, diluted with

sterile FRS. The observation period in this instance lasted 15 days.

As in the other experiments, dead fish were collected daily,

autopsied, and cultures made from kidney tissue. All fish that had

been held at 49 oF and below, and had survived the infection, were

tempered to water at 69 oF and held for two days. This would give

an indication if there were residual levels of the pathogen remaining

in the host tissues.
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Figure 18. Effect of temperature on growth rate of Aeromonas
hydrophila Ah-K1 in Peptone-beef extract-glucose
broth.
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Relationship of Percent Mortality and Temperature

The mortality data from the duplicate A. hydrophila-coho

salmon experiments are shown in Table 19. As can be seen,

100% mortality occurred at the three highest temperatures, with

a 97% kill at 59°F. The mortalities at 54°F (41.4%) and at 49°F

and below (0%) are significantly different from those at 59oF and

above (Mainland et al., 1956). All sham injected control coho

remained healthy at these temperatures.

Microbiological Examination of Juvenile Coho Salmon Kidney Tissue

Kidney tissue was cultured on BI--II Agar containing skim milk

as previously described. After incubation at 25 oC, the identity of

suspect colonies was confirmed. It is worth noting that 100% of the

dead fish in these experiments yielded A. hydrophila by kidney tissue

culture (Table 20). Ten control fish from each of the temperatures

of 54oF and above were sacrificed and examined by kidney tissue

culture. Only one specimen each from 74oF,
69

oF, and 64oF

yielded an isolate identified as Aeromonas hydrophila. That these

specimens were not frozen before autopsy possibly aided in the 100%

recoveries.

Infected fish held at 49°F and below, and among which no deaths

occurred, were tempered to 69°F and observed for 2 days. The host



Table 19. Effect of Water Temperature on Aeromonas hydrophila Infection in Juvenile Coho Salmon.

Water
temperature

Fraction
Experiment 1

of fish in each

Controls

group that died
Experiment 2

Percent mortality
two experiments combined
Infected Controls

Mean time
to death

(days)Infected Infected Controls

23.3°C (74°F) 35/35 0/35 35/35 0/35 100.0 O. Q 1.0

20.6°C (69°F) 35/35 0/35 35/35 0/35 100.0 0.0 1.1
o17.8°C (64F) 35/35 0/35 35/35 0/35 100.0 0.0 2.5

15.0°C (59°F) 33/35 0/35 35/35 0/35 97.2 0.0 3.3

12.8°C (54 °F) 16/35 0/35 13/35 0/35 41.4 0.0 6.8

F)9.4°C (49 F) 0/35 0/35 0/35 0/35 0,0 0.0

6.7°C (44 °F 0/35 0/35 0/35 0/35 0.0 0.0

3.9°C (39 o F) 0/35 0/35 0/35 0/35 0.0 0.0

1. Average weight of experimental fish was approximately 25 grams.
2. Fish were infected by an intramuscular injection of about 1.2 LD

50
doses (2.25 x 107 organisms) in those of 54oF and below, and about

1.5 LD5(21 doses (2.9 x 107 organisms) for those at 59oF and above. The inoculum was an 18 hour broth culture of A. hydrophila strain
Ah-JZ 45. Control fish received a sham injection of a sterile filtrate of the broth diluted with sterile frog Ringer saline.

3. All groups of fish were held at the indicated temperatures for 15 days. Dead fish were collected daily, autopsied, and cultures made
from kidney tissue.

o
4. The percent mortality at 12.8o

C (54 F) is statistically different from those values at 15.0°C (59°F) and 9.4°C (49°F) at a probability
level of 0.01 (Mainland, et_al., 1956).
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Table 20. Recovery of Aeromonas hydrophila byCulture of Kidney
Tissue of Juvenile Coho Salmon.

Water
temperature

Portion of fatally infected fish
yielding positive cultures at autopsy

No. positive Percent
positiveNo. tested

23. 3oC (74°F) 70/70 100. 0

20.6°C (69°F) 70/70 100.0

17.8°C (64°F) 70/70 100. 0

15.0°C (59°F) 68/68 100.0

12.80C (54°F) 29/49 100.0

1. 10 control fish from each of the temperatures were examined by
culturing kidney tissue. A. hydrophila was isolated from one
specimen at each of the temperatures 740, 69o, and 64oF.

defenses appeared to have removed the injected organisms from

their bodies as no deaths occurred.

Effect of Temperature on In Vitro Growth Rates of Ah-JZ 45

Peptone-beef extract-glucose broth was then inoculated with

approximately 105 cells of this strain and incubated at 390F, 49oF,

54
oF, 59 F, and 69 o

iF in 100 mm x 13 mm screw cap tubes. This

was done to see if the growth rate of strain Ah-JZ 45 differed

drastically at these temperatures from those of Ah-K 1.

The observed 0. D. changes are shown in Figure 19. As can

be seen by comparing Figures 19 and 20, the relative growth rates

at the temperatures in question are similar to those observed
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with Ah-K 1, and again higher temperatures resulted in faster

growth rates, and coincided with shorter mean times to death for

infected fish (Table 19).

Survival of Aeromonas in Well Water

Non-sterile well water was collected at the Fish Disease

Laboratory, Corvallis, Oregon, and used for determining survival

times of A. salmonicida and A. hydrophila. One water sample

had been heated to 170°F, the other was collected at the ambient

temperature (54oF) as it came from the well.

A. salmonicida As-SS-70 and A. hydrophila Ah-JZ 45 were

grown for 48 hours at 18°C in PBg Broth, centrifuged, and the

pellets resuspended in sterile FRS. Water samples were inoculated

to contain 4.8 x 106 cfu per ml of A. salmonicida, and 8.3 x 106 cfu

per ml of A. hydrophila. One hundred ml aliquots were incubated

in 250 ml flasks at 39°F, 54°F, and 69°F. Samples were taken at

selected intervals and plated in PBG Agar by the previously des-

cribed methods.

Counts of A. salmonicida in the 69°F unheated water had de-

clined to 1.9 x 106 cfu per ml by 24 hours, 8.3 x 105 by 84 hours

(3-1/2 days), and 2.1 x 104 cfu per ml water by the seventh day

(Table 22). Colony counts from the heated water held at 69oF were

slightly higher throughout this period.
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Table 21. Survival of Aeromonas hydrophila in Heated and Unheated
Well Water Maintained at Various Temperatures.

Incubation Sampling Viable counts per ml water
temp. period Water treatment

(days) Unheated Heated

69°F 0 8.3 x 1076 8.3 x 106
1 2.5 x 10 1.6 x 107
2

3-1/2 3.3 x 1055 1.7 x 106
10 1 . 3 x 10 3.1 x 106

54
oF 6

0 8.3 x 107 8.3 x 106
1 1.5 x 10, 2.1 x 107
2 1.1 x 107 4.4 x 107
3-1/2 1.7 x 106 6.2 x 106

10 2.4 x 1G5 4.7 x 106

39oF
0 8.3 x 106 8.3 x 106
1

2 7.5 x 106 1.4 x 107
3-1/2 4.9 x 106 6.2 x 106

10 5.2 x 10 2.6 x 106

1. Viable counts determined by pour plate methods using PBG Agar,
with incubation at 37°C for 24 hours.

2. Heated water refers to water that had been heated to 170oF to
simulate passage through the cooling tower of a nuclear reactor,
and cooled to 25 C before inoculation.

3. Unheated water was collected at the ambient temperature 54 F.

A. salmonicida appeared to survive longer in cooler water.

For example, at the end of three and one-half days, unheated water

held at 54oF contained 1.7 x 106 cfu per ml, and after seven days,

6.3 x 105 cfu.

Aeromonads in the 39°F unheated water showed an increase at
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Table 22. Survival of Aeromonas salmonicida in Heated and
Unheated Well Water Maintained at Various
Temperatures.

Incubation Sampling
temp. period

(days)

Viable counts per ml water
Water treatment

Unheated Heated

69°F 0 4.8 x 1066 4.8 x 1066

1 1.9 x10 2.2 x 10
2
3-1/2 8.3 x 1G5 1.1 x 105

5
10 1.1 x 103 2.0 x 10

o 6 654 F 0 4.8 x 106 4.8 x 106
1 2.1 x 106 2.8 x 106
2 2.8 x 106 2.2 x 106
3-1/2 1.7 x 103 1.3 x 106

10 8.2 x 10 3.8 x 10

39°F 0 4.8 x 106
6

4.8 x 106
1 6.6 x 106

6
2 2.8 x 106 2.6 x 106
3-1/2 1.2 x 106 1.9 x 10

1 0 1.5 x 10 9.0 x 105

1. Viable counts determined by pour plate methods using PBG Agar,
with incubation at 25 C for 3 days.

2. Heated water refers to water that had been heated to 170°F to
simulate passage through the cooling tower of a nuclear
reactor, and cooled to 25 C before inoculation.

3. Unheated water was collected at the ambient temperature 54oF.
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24 hours, (6. 6 x 106 cfu per ml) which had decreased to 1.2 x 10 6

cfu at 84 hours, and 6,1 x 105 at the end of the seventh day. At

both 54°F and 39°F, heated water yielded similar counts to those

obtained in unheated water,

The survival rate of A. hydrophila in these water samples

appear to be different from those observed with A, salmonicida,

in that all water samples yielded increased colony counts at 24

hours (Table 21). In unheated water, a downward trend was

noticed to start at 48 hours, and continue through the 84-hour and

10-day samples. The counts at this time had fallen to 1.3 x 105

°F), 2.4 x 10 (54°F) and 5. x 10 (39°(69 F) cfu per ml water.

Colony counts obtained from the heated water tended to be higher,

being 3.1 x 106, 4.7 x 106, and 2.6 x 106 cfu per ml water,

respectively (Table 21).

These data indicate that A. salmonicida and A. hydrophila can

survive for a moderately long time in "pure" water, and that

heating this water makes it beneficial for survival. Heating water

free from trade wastes to 170°F could kill competing organisms,

or somehow make nutrients more readily available to the aerom-

onads.
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DISCUSSION

Aeromonas salmonicida has been infrequently isolated from

the environment. In an attempt to overcome this difficulty, a

selective medium was formulated that permits the isolation of

Aeromonas species from environmental samples in the presence of

other common bacterial flora. This medium has been used to

isolate Aeromonas from the intestines and lesions of experimentally

infected fish, to monitor the survival rate of aeromonads in inocu-

lated water samples held at various temperatures, and to isolate

A. salmonicida and A. hydrophila from hatchery waters.

Colony counts of Aeromonas species obtained with this medium

are higher than those obtained with commercially available media, indi,

eating the relative superiority of peptone-beef extract glycogen agar.

Of the numerous bacterial species that have been plated in

this medium, the few organisms that produce characteristic yellow

colonies can presumptively be identified as either Aeromonas,

Vibrio, or Pleisomonas. It thus appears superior to the other

presently available media for the purposes mentioned.

The term "virulent" aeromonad appears to be based in part

on the experiences of the individual investigator. For example,

Klontz et al. (1966) found that it took 0. 1 ml of their strain of

virulent A. salmonicida, washed from agar and suspended in
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saline to an 0. D. of about 0.40, to kill juvenile rainbow trout by

intramuscular injection.

Eddy (1960) and Shimizu (1969) reported that about 108 and

106 cells of virulent A. hydrophila (liquefaciens) were necessary to

kill goldfish and eels, respectively.

In the work reported here, virulent strains of A. salmonicida

had estimated LD
50

values of from one to less than 103 cfu per fish

for juvenile salmonids; those of intermediate virulence had values

of 103 to 106 cfu; and those classified as avirulent values of greater

than 106 cfu per fish.

The virulence of our strains of A. hydrophila ranged from 106

to 107 cells per fish, well within the published range.

Various factors have been shown to be related to the virulence

of bacteria. Plasmids in intestinal bacteria control the synthesis of

a wide variety of bacterial products, such as hemolysins, colicins,

fimbriae, and enterotoxins that can be associated with virulence

(Gyles, 1972). Treatment of Gram-negative bacteria with concen-

trations of acridine orange too low to prevent growth leads to the

loss of plasmids (Hayes, 1968). The growth of virulent As-TH1-72

in 10 p.gm acridine orange per ml broth had no detectable effect on

the virulence of this organism when 2 x 105 cfu were injected into

fish. This implies that virulence in this strain of A. salmonicida

is not controlled, per se, by a plasmid.
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Furunculosis is usually described as a generalized bacteremia

(McCraw, 1952; Klontz et al., 1966), We recovered A. salmonicida

from the blood of most of the fish examined 12 hours after receiving

an intramuscular injection of about 100 LD
50

doses. No isolations

were made from the 24 and 36 hour specimens, while one culture

was obtained from the three 48 hour specimens. A massive bact-

eremia was observed in the 60 and 80 hour samples, with isolations

being made from the blood of all individuals.

It appears that there is an initial bacteremia, with the organ-

isms being dissipated throughout the body before the host defenses

become operative. After mobilization of these host defenses, the

invading organisms apparently are removed from the blood stream

and either localized or destroyed (24-48 hours post infection).

Surviving bacteria then apparently reduce the host defenses, pos-

sibly through a leucocytolytic agent, to such an extent that they

can multiply and produce a fatal infection.

Both the As-SS-70 and As-Sil sonicates were leucocytolytic

to juvenile steelhead trout WBC at a final dilution of 1:3000, in-

dicating that virulence is not determined by this factor alone.

This toxin, or some other agent, could also be responsible

for the virtual absence of phagocytosis in vitro and during acute

infections. It was surprising that the avirulent strain was not

engulfed by phagocytes in greater numbers than was the virulent
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strain, In many bacteria, virulence factors are anti-phagocyte factors.

It was shown that A. salmonicida tends to be temporarily re-

duced in numbers in the kidney shortly after the organisms disappear

from the blood.

Lobountzov and Roudikov (1968) found that a sterile broth fil-

trate of A. punctata was cytotoxic to cultured piglet kidney cells.

We found that sonicates of both virulent and avirulent A. salmonicida

were toxic to cultured chinook embryo cells at dilutions of 1:320,

indicating another similarity between virulent and avirulent strains.

Serological analyses that have been performed on A. salmonicida

strains in the past indicate that this species is antigenically homogen-

eous. Karlsson (1964) studied 12 strains of A. salmonicida that had

been isolated from a wide geographical area. He detected no anti-

genic differences by precipitation, agglutination, or double diffusion

precipitation in agar gel.

Spence et al. (1965) used anti-A. salmonicida antiserum from

immunized rainbow trout to study the agglutination pattern of six

Oregon isolates. Both the homologous and heterologous antigens

gave similar agglutination end points.

Popoff (1969) studied 39 smooth strains of A. salmonicida. He

found it impossible to differentiate these strains by cross-absorption

agglutination using rabbit antisera,

The appearance of the fast moving precipitin line in Figure 13

is of interest. This difference between virulent As-SS-70 and



112

avirulent As-Sil sonicates was observed only whett the sonicates

were very concentrated, and only with the anti-As-SS-70 anti-

serum. As-SS-70 fraction 6 contains at least two antigens that

appear to be identical to those of the As-SS-70 and As-Sil sonicates

when As-SS-70 antiserum is used (Figure 13). Since fraction 6

rapidly passed through the Sephadex G 100 column, it would contain

high molecular weight material.

The most easily observed difference between virulent

As-SS-70 and avirulent As-Sil A. salmonicida is seen in Figures 9,

10, and 11. When grown on 1% peptone agar containing 1.5% NaC1,

As-SS-70 colonies appeared opaque and very granular. As-Sil, by

contrast, appeared translucent and non-granular. By the 15th

transfer on artificial media at elevated temperatures, the attenuated

As-SS-70 strain had already developed some of the characteristics

of an avirulent colony.

Differences in granularity between virulent and avirulent

isolates could be observed when they were grown on regular agar,

but these were enhanced by growth on agar with a high salt content.

Aeromonas salmonicida is reported to be a biochemically

homogeneous species (Eddy, 1960; Popoff, 1969; McCraw, 1952).

The studies reported here confirm those observations as no quali-

tative or quantitative difference could be detected between virulent,

attenuated, and avirulent strains of A. salmonicida.
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The data indicate that the development of a fatal infection in

juvenile coho salmon due to injected Aeromonas salmonicida is

suppressed at water temperatures of 44oF and below, and progres-

sively enhanced at temperatures of 49°F and above. Presumably

the host defenses were better able to dispose of the injected organ-

isms at temperatures of 44oF and below. Fish at 49oF and 54oF

evidence an apparent intermediate ability to prevent the development

of a fatal infection, while this ability rapidly breaks down at 59°F

and above. This host resistance to infection is probably due in part

to the greatly reduced growth rates of the bacterium at the lower

temperatures. Partial corroboration for this comes from the fact

that the controls were injected with a sterile broth filtrate of the

culture and remained healthy. Thus a toxin did not appear to be

the primary cause of death. That A. salmonicida was not recovered

from any fish that survived the injection is further support that the

host was able to eliminate the offending organism. And finally,

further confirmation that the growth of the organism appears to be

responsible for a fatal infection is seen in Figure 14, demonstrating

the linear relationship between log of the mean day to death and water

temperature.

One can thus conclude that temperature controls the growth

rate of the microorganism, which in turn appears to exert a con-

trolling effect on mortality in infected juvenile coho salmon.
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The same arguments can be put forth for most of the deaths

observed in the spring chinook with A. salmonicida.

The two discrepancies between these experiments and those

with coho, i.e., percent mortality at 59oF and 39 F, beg for

clarification. That this difference does not appear to be due to

some differential effect of temperature on the growth rates of the

experimental aeromonad strains can be ascertained by comparing

Figures 15 and 16. The relative growth rates at the temperatures

in question are seen to be similar.

Either unknown variables were exerting unknown effects on

the host, or it is an inherent response to this species's (or popula-

tion's) host defenses to react accordingly at these temperatures.

Further experimentation is needed to explain these findings.

Fatal infection of salmonids with Aeromonas hydrophila was

prevented at water temperatures of 49oF and below. It appears that

the host defenses, aided by the slow growth rate of the microbe at

the lower temperatures, were successful in eliminating the pathogen

before a fatal infection could occur. Progressively increasing tem-

peratures were associated with faster growth rates of the bacterium,

shorter mean times to death, and higher percent mortalities.

The data tend to indicate that Aeromonas salmonicida and

Aeromonas hydrophila can survive for moderately long periods of

time in "pure" well water that is not contaminated with trade or
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domestic wastes. Furthermore, heating this water to about 170oF

appears to lengthen the observed survival time, possibly by killing

competitive organisms, or making nutrients more readily available.

Colony counts were found to be higher in the cooler waters

than in water maintained at 69oF, indicating longer survival at the

lower temperatures.

If the organisms were surviving on the nutrients available to

them, this could become a limiting factor. That this appears to be

the case as shown with A. hydrophila in unheated water maintained

at 69oF. The organisms increased in cell numbers much faster

for the first 24 hours at 69°F than at the other temperatures, and

showed the fastest decline in cell numbers after 24 hours.
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SUMMARY AND CONCLUSIONS

1. Studies were undertaken to formulate a selective medium

that would allow isolation of Aeromonas species from en-

vironmental samples. The final composition of this medium,

in gm per liter, is: Bacto-peptone, 10; Bacto-beef extract,

10; glycogen, 4; NaC1, 5; sodium lauryl sulfate, 0. 1; brom

thymol blue, 0. 1; agar, 15, The pH of the medium after

autoclaving is 6. 9-7. 1.

2. Aeromonas, Pleisomonas, and Vibrio species produce

characteristic yellow colonies in this medium.

3. In most strains of Aeromonas species, a small percent of

the population--usually 2 5%--have the ability to produce

gas in PBG Agar, presumably from glycogen fermentation.

4. Sonicates of virulent and avirulent Aeromonas salmonicida

contained approximately the same amount of a leucocytolytic

agent for juvenile steelhead white blood cells.

5. When cultured chinook embryo cells were exposed to sonicates

of virulent and avirulent A. salmonicida, cytotoxic effects

were observed with both at a dilution of 1:320.

6. Sonicates of virulent As-SS-70 and avirulent As-Sil strains of

A, salmonicida were concentrated about 20 fold by dialysis

against Polyethylene Glycol 4000. Use of these concentrated
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antigens and anti-As-SS-70 rabbit antiserum demonstrated

a unique antigen in the As-SS-70 sonicate by immunodif-

fusion techniques. This unique precipitin line was not ob-

served in the As-Sil sonicate, or when anti-As -Sil anti-

serum was used. It was one of the two differences found

between the virulent As-SS-70 and avirulent As-Sil strains.

7. There was a virtual absence of in vivo and in vitro phago-

cytosis of virulent and avirulent A. salmonicida by juvenile

salmonid polymorphonuclear leucocytes.

8. Virulent As-SS-70 colonies appear opaque, convex, and

granular when grown on 1% peptone agar containing 1. 5%

NaCl.

9. Avirulent As-Sil colonies are translucent, slightly convex,

and non-granular when grown on 1% peptone agar containing

1.5% NaCl. This difference in colony form was the second

real difference found between the two strains.

10. As-SS-70 was attenuated by repeated passage on 1% peptone

agar containing 1. 5% NaC1, with incubation at 25 o
C.

Colonies gradually assumed the avirulent colony character-

istics.

11. No differences in production of eight different enzymes

could be detected between virulent and avirulent A.

salmonicida strains.
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12. Water temperatures of 59oF and above produced high

mortality rates in juvenile coho salmon injected with

Aeromonas salmonicida. Even at 49 oF and 54 F losses

exceeded 40 percent.

13. Mortality rates of coho salmon injected with A. salmonicida

were very low at temperatures of 39 oF and 44 F.

14. The mean time to death of juvenile coho salmon injected

with about 2 LD
50

doses of A. salmonicida was estimated to

be 3.5 days at 69oF, with steady increases as water temper-

ature decreased, to a maximum of 31 days at 39°F.

15. Among juvenile spring chinook salmon injected with about

1.5 LD
50

doses of A. salmonicida, the mean time to death

was estimated to be 2.9 days at 74°F, and was found to

progressively increase as water temperature decreased, to

a maximum of 18.4 days at 39°F.

16. The effect of temperature on the growth rate of A. salmon-

icida in vitro appears to be similar to its effect on the rate

of progress of the infection in juvenile salmonids.

17. The percentage of fatal infections among juvenile steelhead

trout and coho salmon injected with Aeromonas hydrophila

was high at temperatures of 64°F and above, moderate at

59oF and 54oF, and zero at 49oF and below.
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18. Aeromonas salmonicida and Aeromonas hydrophila can

survive for moderately long periods of time in "pure"

well water uncontaminated with trade or domestic wastes.

19. Heating the "pure" well water tends to lengthen the survival

time for both A. salmonicida and A. hydrophila.

20. Both species tend to survive longer at lower temperatures

than at 69°F in "pure" well water.



120

BIBLIOGRAPHY

1. Arkwright, Joseph A. 1912. An epidemic disease affecting
salmon and trout in England during the summer of 1911.
Journal of Hygiene 12:391:-413.

2. Boyd, William C. Fundamentals of immunology. 4th ed.
New York, Interscience Publishers, 1966. 773 p.

3. Burnison, Bryan Kent. Antagonistic properties of aquatic
myxobacteria and pseudomonads. M.S. Thesis. Corvallis,
Oregon State University, 1968. 81 numb, leaves.

4. Burrows, William. Textbook of microbiology. 18th ed.
Philadelphia, W. B. Saunders, 1963. 1155 p.

5. Cowles, Philip B. 1938. A mgdified lactose broth for use in
the presumptive test for coliform bacteria. Journal of the
American Water Works Association 30 (4): 979-080.

6. Darby, C. W. and W. L. Mallmann. 1939. Studies on media
for coliform organisms. Journal of the American Water Works
Association 31(4): 689-706.

7. Difco Laboratories, Incorporated. Difco Manual. 9th ed.
Detroit, Michigan, 1953. 350 p.

8.. Duff, D. C. B.., M. Isobel MacArthur and Helen G. Thompson.
1940. Observations on the viability of Bacterium salmonicida.
Journal of the Fisheries Research Board of Canada 5 (1): 1-7.

9.. Eddy, B. P. 1960. Cephalotrichous, fermentative Gram-
negative bacteria: the genus Aeromonas. Journal of Applied
Bacteriology 23(2):216-249.

10. Eddy, B. P. 1962. Further studies on Aeromonas. I.
Additional strains and supplementary biochemical tests.
Journal of Applied Bacteriology 25(2):137-146.

11. Environmental Protection Agency. 1971. Columbia River
thermal effects study. Vol. 1. Biological effects study.
Washington, D. C. Department of Commerce, 1971. 68 p.



121

12. Ewing, W. H. R. Hugh, and Jane G. Johnson. 1961. Studies
on the Aeromonas group. U. S. Department of Health, Edu-
cation and Welfare, Communicable Disease Center, Atlanta,
Georgia. 37 p.

13. Fry, F. E. J. 1947. Effects of the environment on animal
activity. Publications of the Ontario Fisheries Research
Laboratory, No. 68. The University of Toronto Press,
Toronto. 62 p.

14. Gibbs, Erich L., Trudy J. Gibbs, and Peter C. Van Dyck,
1966. Rana pipiens: Health and disease. Laboratory
Animal Care 16(2):142-160.

15. Gyles, C. L. 1972. Plasmids in intestinal bacteria.
American Journal of Clinical Nutrition 25:1455-1458.

16. Hayes, William. The genetics of bacteria and their viruses.
2nd ed. New York, John Wiley and Sons, 1968. 925 13

17. Herman, Roger Lee. 1968. Fish furunculosis, 1952-1966.
Transactions of the American Fisheries Society 9 7 ( 3 ) :
221-230.

18. Horne, J. H. 1928. Furunculosis in trout and the importance
of carriers in the spread of the disease. Journal of Hygiene
28:67-68.

19. Jankov, G. Y. 1968. Etudes sur les proprietes pathogenes de
quelques souches d'Aeromonas et de Pseudomonas et leur
action sur des carpes saines. Office International des
Epizooties, Bulletin 69(7-8):1085-1098.

20. Karlsson, K. A. 1964. Serologische studien von Aeromonas
salmonicida. Zentralblatt fur Bakteriologie, Parasitenkunde,
Infektionskrankheiten and Hygiene. I. Abt. Originale 194:
78-80.

21. Klontz, George W., William T. Yasutake, and A. John Ross.
1966. Bacterial diseases of the salmonidae in the western
United States: pathogenesis of furunculosis in rainbow trout.
American Journal of Veterinary Research 27(120): 1455-1460.



122

22. Krantz, G. E., J. M. Reddecliff, and C. E. Heist. 1964.
Immune response of trout to Aeromonas salmonicida. Part II.
Evaluation of feeding techniques. Progressive Fish Culturist
26:65 -69.

23. Lanyi, Janos K. and Joshua Lederberg. 1969. Fluorescent
method for the detection of excreted ribonuclease around
bacterial colonies. Journal of Bacteriology 92(2): 1469-1472.

24. Lobountzov, K. A. and N. I. Roudikov. 1968. Etude des
proprietes de la toxine d'Aeromonas punctata. Office
International des Epizooties, Bulletin 69(7-8):1099-1105.

25. Mahnke, Cy and Kay Rathman. Food Research Institute
technique for determination of staphylococcal enterotoxin in
foods. Madison, Food Research Institute, University of
Wisconsin, 1971. 20 p.

26. Mainland, Donald B. The treatment of clinical and laboratory
data. Edinburgh, Scotland, Oliver and Boyd, 1938. 333 p.

27. Mainland, Donald, Lee Herrera, and Marion I. Sutcliffe.
Tables for the use with binomial samples. New York,
New York University College of Medicine, 1956. 83 p.

28. Males, J. L. and R. W. Turkington. 1970. Hormonal
regulation of hyaluronidase during spermatogenesis in the
rat. Journal of Biological Chemistry 245(23): 6329-6334.

29. Mallmann, W. L. and C. W. Darby. 1941. Uses of lauryl
sulfate tryptose broth for the detection of coliform organisms.
American Journal of Public Health 31(1):127-134.

30. McCain, Bruce B. The Oregon sockeye salmon virus: A.
Biophysical and biochemical characteristics. B. Antigenic
relationship to two other salmonid viruses. Ph. D. Thesis.
Corvallis, Oregon State University, 1970. 145 numb, leaves.

31. McCrady, Mac H. 1943. A practical study of lauryl sulfate
tryptose broth for the detection of the presence of coliform
organisms in water. American Journal of Public Health
33(10):1199-1207.



123

32. McCraw, Bruce M. 1952. Furunculosis of fish. Special
Scientific Report: Fisheries No. 84. U. S. Department of
the Interior, Fish and Wildlife Service. 87 p.

33. McLeod, Joyce A. and J. W. McLeod. 1961. The technique
and interpretation of tests for leucocidin with special refer-
ence to the value of ethylene diamine tetra-acetic acid (EDTA).
British Journal of Experimental Pathology 41(2):171-178.

34. Meynell, G. G. and Elinor Meynell. Theory and practice in
experimental bacteriology. London, Cambridge University
Press, 1965. 288 p.

35. Miles, E. M. 1950. Red-leg in tree frogs caused by
Bacterium alkaligenes. Journal of General Microbiology
4:434-436.

36. Nakamura, H. 1968. Genetic determination of resistance to
acriflavine, phenethyl alcohol, and sodium dodecyl sulfate
in Escherichia soli. Journal of Bacteriology 96:987-996.

37. Olsen, Peter F. Sylvatic (wild rodent) plague. In: Davis,
John W., Lars H. Karstad, and Daniel 0. Trainer (eds.).
Infectious diseases of wild mammals. Ames, Iowa State
University Press, 1970. 421 p.

38. Ordal, Er ling J. and Robert E. Pacha. The effects of tem-
perature on disease in fish. In Proceedings of the Twelfth
Pacific Northwest Symposium on Water Pollution Research.
1963. p. 39-56.

39. Page, L. A. 1966. Diseases and infections of snakes: a
review. Bulletin of the Wildlife Disease Association 2:111-126.

40. Pavlovsky, Eugene N. 1966. Natural nidality of transmissible
diseases, tr. by Frederick K. Plous, Jr. Urbana, University
of Illinois Press, 1966. 261 p,

41. Plehn, Marianne. 1924. Praktihum der Fischkrankheiten.
Stuttgard, p. 179. (Cited in: McCraw, Bruce M. 1952.
Furunculosis in fish. Special Scientific Report: Fisheries
No. 84. U. S. Department of the Interior, Fish and Wildlife
Service. 87 p. )



124

42. Popoff, M. 1969. Etude sur les Aeromonas salmonicida. I.
Caracteres biochemiques et antigeniques. Recherches
Veterinaires 3:49-57.

43. Prosser, C. Ladd and Frank A. Brown, Jr. Comparative
animal physiology. 2nd ed. Philadelphia, W. B. Saunders,
1962. 688 p.

44. Shimizu, Tomoko. 1969. Studies on pathogenic properties of
Aeromonas liquefaciens. I. Production of toxic substance to
eel. Bulletin of the Japanese Society of Scientific Fisheries
35(1):55-63.

45. Spence, K. D., J. L. Fryer, and K. S. Pilcher. 1965.
Active and passive immunization of certain salmonid fishes
against Aeromonas salmonicida. Canadian Journal of
Microbiology 11:397-405.

46. Williamson, I. J. F. 1938. Furunculosis of the salmonidae.
Fishery Board of Scotland. Salmon Fisheries 5:1-17.

47. Wood, James W. Diseases of Pacific salmon: their preven-
tion and treatment, State of Washington, Department of
Fisheries, 1968. Various paging,



APPENDIX



125

1U:PENDIX

**************44*******444*********4-********4*** ****,4***44**414,

*amova12 - 0`!= /TWO FACTOR AALYSIS OF VARIANCE. OS -3 VER.3.5
OREGON STATE UNIVERSITY COli,UTER CENTER OATE - 10/14/72
************44.4444-.***************************4*****..**44*********-

SOURCE

EXP TYPE

TEMP

EXP TYPE X

PRO3LEM 1-'01 2ND TRY

OF SS ME F

1 1.89637813E 04 1.39637813E 04 428.2576

2.00329687E 04 2.86185268E 03 64.6290

6.22846375E 03 8.39781250E 02 ->20.0939 _A

ERROR 15 7.08500000E 02 4.42812560E 31'

TOTAL

SOURCE

EXP TYnE
(EX0 )

59.75000

TEMP

MEANS

31 4.59337188E 04

(CON )

11.06250

( 74)

( S4)

21 .00100

EXP TYPE X TEMP

( 69)
52,01000'

( 49)
23.00000

, 74) (EXP , 69)
\,100.00T11, 103.00030
(EXP (EXP , 49)

42.00110 46.00000
(CON , 74) (CON , 69)

66.00030 4.00000
(CON , (CON 49)

0 0

( F4)
56.25000

( 44)

6.00000

( 59)
35.00000

.( 39)
7.0000.0

.(EXP 59) ;

94.00000 70.00000
(EXP , 44) (EXP , 39)

12.00000 14.00000
(CON , 04) (CON , 59)

-4

18,50000 0

(CON 44) (CON , 39)

Analysis of Final Percent Mortality Data in Text Table 13
in Juvenile Cohn Salmon.

A. salmonicida

r = 2; t = 2.12 for P = 0.05; t = 2.92 for P = 0.01; 44.28 = 6.6544

Least significant difference
.n n n n n

14.11 percent for P = 0.05

19.43 " * " P = 0.01
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3AMOVA12 - ON.:_/Td0 FACTOR P:ALYSI3 OF VARIANCE. 0S-3 VER.3.5
OREGON STATE UNIVE:SITY COMIUTER CENTER DATE - 10/14/72

PR03LE1 I-01 2ND TRY

SOURCE OF SS MS

EXP TYPE

TEMP

EXP TYPE X TEMP

ERROR

TOTAL

SOURCE MEANS

1 3.73125030E 04 3.73125000E

7 1.75950000E 03 2.51357143E

7 2.51950000E 03 3.59928571E

16 7.92000000E 02 4.95000000E

31 4.23835000E 04

126

14 763.3889

02 5.0779

02 7.2713

01

EXP TYPE
(EXP )

71.00000

TPMP,
( 74)

42.00000
( 54)

33.00300

EXP TYPE X TcAP
(EXP , 74)

84.00000
(EXP , 54)

70. 00100
(CON , 74)

( 69)
41.09000

( 49)
30.00000

( 64)
37.00000

( 44)
22.00000

( 59)
43.00000

( 39)
35.00000

(EXP 69).

80.00000
(EXP , 49)

60.00000
(CON , 69)

0 2.00000.
(CON , 64) (CON , 49)-r

6.00100 0

. 1P-XP. 64) (EXP , 59)
72.00000 96.60000 I

(EXP 44) (EXP , 39)

38.00000 . 68.00000
(CON , 64) (CON , 59)

2.00000 0

(CON , 44) (CON , 39)
6.0000C 2.00000

Analysis of Final Percent Mortality Data in Text Table 15. A. salmonicida
in Juvenile Spring Chinook 'Salmon.

r = 2; t = 2.12 for P = 0.05; t = 2.92 for P = 0-.01; 49.5 = 7.0356

Least significant difference = 14.92 percent for P = 0.05

" n " n " = 20.54 n " " P= 0.01
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ORESON STATE UNIV=PSITY COMFUTER CENTER DATE - 10/14/72
************444*********************44*****************************

SOURCE

EXP TY°E

TEMP

EXP TYPE

ERROR

TOTAL

127

PROBLEM I-0: 2ND

OF SS

TRY

MS

1 1.05055753E 04 1.05085753E J4

7 7.75114719L 03 1.10730674E 03

7 7.73552219E 03 1.10554603E 03

16 9.19065000E 02 5.74415625E 01

31 2.69179097E 04

SOURCE MEANS

EXP TYPE
. _

(EXP )
36.42530

(CON )

.18125

182.9490

19.2771

19.2464

TEMP
( 74) ( 69) ( 64)

40.72500 32.12500 33.57500
( 54) ( 49) ( 44)

20.00000

EXP TYPE X TEsIP
(EXP 74)

8/.45310
(EXP , 54)

40.'00-000
(CON 9 74)

: 0

(CON 54)
0

(EXP 77 69)
64.25000

(EXP , 49)
0

(CON , 69)
0

(CON 49)
0

0

( 59)
20.00000

( 39)

(EXP , 64) (EXP , 59)
67.15000 38.55000

(EXP t 44) (EXP , 39)
0 0

(CON y 64) (CON , 59)
0 1.45000

(CON , 44) (CON , 39)

Analysis of Final Percent Mortality Data in Text Table 17. A. hv,irophila

in Juvenile Steelhead Trout.

r = 2; t = 2.12 for P = 0.05; t = 2.92 for P = 0.01; 57.44. = 7.5790

Least significant difference = 16.07 percent for P = 0.05
VI It rr = 22.13 n n n P= 0.01



APPENDIX B

REGRES SION 2L1.`1..A_LY:3 IS. AE1;:01''101'.q.A3 S AIL1 NIC ID A
IN JUVENILE. COHO SiELYON. TEXT FIG.

.3

.3
#:1
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1

1
2
2
1

1 I
1
7

.1

7
7

5
5 2 1
6
4

7
4

2
3

1.

4
4 4

4
4

3

8

- TEMPERATURE
_JEXIT

RELATION BETWEEN WATER TEM2ERATURE AND LOG NO. OF DAYS TO
DEATH.-- A. SALMONICIDA-INTEGTION IN COHO SALMON.

4

Y( 2)= 2.4629115E 02- + -2.7651534E-02 X( 11_
= LOG NO. DAYS TO DEATH ( TEIVERA1 attE

R_ SQUARED = ,VARIATION AOCOMIrr..1) FOR
WITH LnIF,.

VAR S.E. OF REGR. COEF.
low

. 0 6.004E7282E-02 4.10155473E 01
1. 9.45055545E-G4 . -2.92591627E 01

CORRELATICN COEFFICIENT -0.8849775_= LINEAR RELATIONSHIP
BETWEEN TEMPERATURE
MD LOG NO. OF DAYS

TO DEATH.



REGRESSION ANALYSIS. AER.- ON:tS S=ONICIDA
IN JUVENILE CHINOOK -?2,10N. TEXT FIG. 17

A-2
.6
.4 _ .

. 5 3
. 2
.1# 7

_1
3

1.1 3 3.
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1

1
1

3
1

4

9

2

JIF

TE14iPERATUF3 ).*
*EXIT

RELATION BEMTE-7N WA TER TEMPERATUff AND LOG NO. OF DAYS. TO
_DEATH. A. SALMONICIDA INFECTION IN CHINOOK SALMON.

Y( 2D= 2.1215'319E 01. 4. -2.2968089E-02 X( 1)_ _
= LOG NO, DAYS TO DEATH ( 1, =7 =.1.1PERATD-BE

R SQUARED = .67720766 = % OF VARIATION ACCOUNTED FOR__.
WITH

VAR S. E. OF REGR. COEF.
0 5.596114448E-02

9.44280422E-04

CORRELATION COEFFICIENT

T
3.79089236E 01

-2.43233771E 01.

70..8229263-7-* ,_LIN.E.AR RELATIONSHIP
JETWMN TEMPERATTJRE
LED LOG NO. OF DAYS

TO DEATH


