LOYOLA

VERSITY CHICAGO

LORIAM

Loyola University Chicago

OWIW-AvV §

D Loyola eCommons
Master's Theses Theses and Dissertations
1964

The Immunological Response of a Freshwater Fish
to Bacteria of Marine Origin

Robert S. Pekarek
Loyola University Chicago

Recommended Citation

Pekarek, Robert S., "The Immunological Response of a Freshwater Fish to Bacteria of Marine Origin" (1964). Master's Theses. Paper
1947.
http://ecommons.luc.edu/luc_theses/1947

This Thesis is brought to you for free and open access by the Theses and Dissertations at Loyola eCommons. It has been accepted for inclusion in
Master's Theses by an authorized administrator of Loyola eCommons. For more information, please contact ecommons@luc.edu.
Copyright © 1964 Robert S. Pekarek


http://ecommons.luc.edu
http://ecommons.luc.edu/luc_theses
http://ecommons.luc.edu/td
mailto:ecommons@luc.edu

The Immunological Response
of a Freshwater Fish to

Bacteria of Murine Origin

by
Robert S, Pekarek

A Thegis Submitted to the Faculty of the Graduate School
of Loyola University in Partial Fulfiliment of
the Requirements for the Degree of

Muster of Science

June
1964

- T Ay

BT

o e v




I.
i1,
1S ¥

v,

V.

TABLE OF CONTENTS

Purnose
RiﬁtQtYuﬁuaotu'-.n‘i&.u.c001#**GQ&O&Q‘&‘.»IQ&O*.IQ*

Irmrunization of o PFreghwater Pish
to a Bacterium of Marine Qrigiu¢*¢.,g..ﬁ...qc-..eg.

Introduction

Materials and Methods
Results

Niscussion and Conclusions

Seroclogical Studies on Morphologically
and Physiologically Related Organisms to
Milford 17, /sing Preshwater Fish as

Fatory AnimalBuc.eiscesscsscssscsnssasesconnose
Introduction
Materials and Methods

Results
Discussion and Conclusions

U L Y s ean s et s tarer0eEesnsrstet 408000 tsutas sduon

Bibliographyecessserssconr nonsnssconusesnsorsannsos

Page

26

34
35




Table
I,

XI.
11X,

IV.

Ve

Vi,

LIST OF TABLES

Page

Moenhologiesl and Physiclogical
Characteristics of Mil I 18

Serial Tube Agglutinstion Test Emnloyed.ssesnnansa 19

Results of Agglutination Tests on
Fish Sera Betore InjJection of Antigen.esesvscssens 20

Results of Aggzlutination Tests of Individual
and Pooled Sera up to Maximum Titer lLevels,.... 21-22

Morpbaxsgisal and Physiological Characteristics
of Organisrs Tested Against the Milford 17
Antiserum, Produced in Preshwotef PiSNesesssces 2930

Results of Agglutination Tests
"?itil Milfﬂfd 3‘7 FiSh m!tis&tu’atgq'pggg"gﬁﬁ XTI N "’ 31




LIST OF PIGURES

Figure Pare

I' F!’.“M’It ‘;iﬁi’l’i Cf T&rik.pqquﬁ»qw‘&v»cwqggg"e*'ii!'ﬁ."' 16
11, 3ide View of TanNKyuunsernvevasenrsonesorrsnspasen-we 17
I1I, The Tesults of the Titers of Pooled

Antisera for O and H Agglutinins,
Flotted ﬁg&iﬁSt Time‘ﬁ‘Oatﬂtintdtﬂtlﬁitﬂiibldt*QOQQ 23




LIPE

Robert S, Pekarek was borm in Berwyn, Illinois, May 1,
1940,

He was graduated from J, Sterling Merton High School,
Cicero, Illinois, in Jume, 1938 and from Knox College, Galesburg,
I11inois, in June, 1962 with the degree of Bachelor of Arts,

The author beg:n study in the Department of Microe
biology, Stritch School of Medicine of Loyola University in
September, 1962,




I
PURPOSE

The aims of this study are to show the immunological
response of a freshwater fish, Carassius auratus, to a bacterium
of marine origin, Milford 17, end to see if there are any
serological relationships between the Milford 17 strain and
ciher marine bacteria with similar physiological and morphoe

logical characteristics,




il
HISTORY

Natural immunity can be defined as un animul's resgiste
ance to the harmful arents of its environnent, However the term
ismunity is more commonly restricted to the resistance of an
animal to various microorgunisms and their toxins (Raffel, 1961),

for the most part, iInvestigations and practical
applications of the immune response, the ability of an animal to
produce antibodies, has been limited to man and a vardety of
other warm blooded animals, Volumes of experimental and applied
data have been published to this effect, and several theories
have been postulated on the mechanisms involved, The literature
contains relatively limited experimental duta and reports on the
irmune res-onse of coldeblooded vertebrates and invertebrates,
Yet these animals are also subject to parasitism and, therefore,
must possess some type of defense mechanism in order to survive,

A variety of diseases have been described in colde
blooded animals, especially in fish, amphibians, and reptiles,

In mary cases the etiological agent was isolated and characterized

(Bisset, 1947), Early investigators on the discases of these

animals believed that the sole dofense mechanism in cold-blooded
1




2
vertebrates wus phapocytosis, Kanthack and Hardy (1592) and
Mesnil‘(lags) demonstrated and gave full accounts of phagocytosis
in frogs, However, in both investigations, the microorypanism

studied was Bacillus anthracis, which is primarily a pathogen

of herbivorous mammals and man,

Purther investigations on cold-blooded wvertebrates
revealed that phagocytosis wes by no means the only internal
defense mechanism of these animals, Wwidal and Sicard (1897)
found tﬁat frogs could produce agglutinins at 21° and 37°C when
injected with a suspension of live typhoid bacilli, but no
agglutinins could be demonstrated in frogs kept at 12°C, Pollowe
ing investigators, using a variety of antigens, also demonstrated
agglutinin production in various coldeblooded vertebrates, and in
almost every case their attention was drawn to the important role
temperature played in the production of aggiutinins,

Nybelin (1935), using Vibrio enguillarum and Pseudomonas
fluorescens as antigens with eels, perch, and crappi, found that
he could get high agglutinin titers at 18° and 21°C but very low
or no titers at temperatures below 10°C, Pliszka (1939) obtained

similar results, using Pseudomonas fluorescens with carp, In

both of these investigations the antigen was injected intrae
peritoneally, but the bleeding techniques were only vaguely dee
scribed,

Allen and Mc Daniel (1937) investigated the immune
response in frogs, Rana pipiens and Rana cutesbeiuna, using a
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20% suspensicn of humen red blood cells 25 antigen, FPFive tenths
cc of Antigvn was injected every third day, for a total of four
injections, The frogs were divided into two graups; one group
being kept at a temperature range of 22° to 27°C and the other
between 8% and 10°C, The frogs were later sacrificed, and the
blood was collected from the heart, Using complement fixation
tests, they found that the frogs kept at the higher temper:tures
gave positive results up to a serum dilution of 1:13, while the
ones kept at the lower temperatures gave negative results, It
may be noted that in all of the above and following experiments,
the investipgators did use controls,

In another experiment, Smith (1940), using adult curp,

Cyprinus ¢arnio, and semieweekly intraperitoneal injections with

a vaccine prepared from Bacterium salmonicido, obtained agglue
tinins at both 20° and 10°C, He did agree with earlier investi~

gators that the higher the temperature the better is the antibody
production in coldeblooded animals, However he concluded thut
antibody production takes place at 10°C if enough antigen is
injected over a long enough period of time, The author stated
that most of the fish died after a few weeks because of "confine-
ment', Therefore the test sera were obtained from postenortem
blcod samples,

Cushing (1942) also investipated the effect of tempera~
ture on antibody production in fish, He used two groups of golde

fish, Carassius auratus, one group at 15°C and the other at 28%c,
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Each fish in both of the groups received 2 5cc intraabdonminal
injectinn of a suspension of é@a urchin sperm, The fish were
bled every four days for one mouth, and the sera tested for agglue
tinins, PFrom the resu’ts of the agglutinution tests Cushing found
that antibodies were produced at both temperatures, However he
concluded that a wmore rarid production and higher titers could be
obtained at the higher temperature,

Ixtensive experimentation on the imrmune response of
coldwblooded vertebrates and the effect of temperature was carried
out by Bisset in the late 1940's, He reported that fish are often
infected by what apoear to be saprophytic water bacteria, When
parasitized fish were placed in a tank at 20°C the infection would
become progressively worse, and some of the fish would die, Howe
ever the survivors would clear themselves completely of the ine
fection, Another group of purasitiped fish were placed im a tank
at 10°C, and it was observed that these fish could not rid theme
selves of the infection, Yet the infection would not become
worse, and a stute of symptomless parasitism existed (Bisset,
1947a), It wus also observed that the incidence of infections of
fish decreased in the surmer as the temperature of the wuter ine
Creased, and, conversely, increased in the fall as the temperature
of the water decreased (Bisset, 1948),

This condition of symptomless parusitism was alsc Obe
served in adult and larvel frogs at 8% and 20°C, These amphibia,
like fish, could rid themselves of the infectiom ut the higher
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terperature, As observed by carlier investigators, the production
of agwiutinin& was not apparent at 8°C in frogs, whereas, at 20°C,
they produced agrlutinins to 2 high titer (Bisset, 1947b),

According to Bisset (1948) evidence indicates that the
immunological responce of frogs and fish is elmost identical, He
used frogs in many of his experiments, since they were easier to
maintain and handle, In another experiment the frogs were divided
into four prouvrs and innoculuted with a k lled suspension of

Pseudomonas fluorescens on six comsecutive days., The first group

wis mrunized at 20 C and kept at this temperature, while the
second group wur immunized at 3090, but transferrcd to 8“0 after
one week, The third group was immunized at 8°C and kept at 89C,
while the fourth group was im unized at 8°C and transferred to
20°C after one week, Two weeks following the innoculations the
frogs were sacrificed, and their sera tested for agrlutinins,
The first group at 20°C had a titer of 1:50+, while the second
group showed no titer, The third group also showed no titer,
while the fourth group showed titers of 1:10 to 1:25 (Bisset,
1948), Bisset concluded that a balance exists between the
invadine organism and the host at a low temperature, However when
the temperature is raised, the defensive power of the host ine
creases as does the offensive power of the invading orgunism,
Unless the virulence of the bacterium is great enough to destroy
the host, the bacterium will be completely eliminated, It is
possible for coldeblooded animals to acquire imunity at z low
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temperature, although it will not be munifested until the temperae
ture is ruised sufficiently, Similarly an unisal iomunized at a
high tererature will not exhibit any antibody titer at ¢ low
temperaturce, Therefore two distinct mechanisms seem to be in
o-eration, First there is the aquisition of the antigen or
potential for antibody production, und secondly, the actual proe
duction and appearance of antibodies in the blood., Of thes~ two,
the production aprears to be affected by chenges in the terperae
ture (Bisset, 1648),

About this same time, another tvpe of immunclogical ree
sponse wa:r demrnstrated in fish by Dreyer (1948), By injecting
s2cc of horse serum or egn albumen Intraperitonezily, followed by
a similar dose 15 days later, an anaphalactic reaction was
cbserved, This reaction was characterized by agitated swimring
and excessive fanning of the anterior portion of the dorsal €in,
This was followed by a complete folding of the dorsal fin along
the body and extrussion of the gill clefs, The fish would then
sink to the bottom of the tank, appear sluggish, and would refuse
food, This reaction would last from 4 to 12 hcurs, The same
reaction could be induced with .icc of a histamine phosphate
solution, and it could be modified by the injection of epinephrine

Duff (1942) was the first to try a practical approach to
immunization of fish against furunculosis causecd by Bacterium
salmonicidu., However he felt that the injection of antigens,
especially im a hatchery, would be too time consuming, so he
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experimented with an oral vaccine, The vaccine wus prepared from

Bacterium salronicids and mixed into the food, The fish uscd were

cutthroat trout, Salmo clackii, and a few were sucrificed
periodically to test their sera for agplutininsg, When vaccinated
and unvaccinated fish were challenged with virulent orgunisms,
there was only a 25% mortality in the vaccinated fish, while the
unvaccinated fish had a 75% mortality,

Recently, Bpshtein (1960), stated that curp do not pro-
duce specific antibodies, He used horse scerum and sheep red blood
cells as antigens, the former beiny injected in doses of ,005 to
+01cc per gram of carp ten times with three day intervals, and
the latter in doses of ,lcc daily for five weeks, Blood samples
were taken from the caudal vein from 4 to 30 days after the
innoculations, Precipitation und complement fixation tests gave
negative results, lowever no temperatures were given,

Uhr (1962) found that after a single injection of OX 174
bacteriophage, with a plaque titer of 108, into chickens, frogs,
and goldfish, all produced the sume level of rapidly sedimenting
neutralizing, gemma globulin antibodies, These globulins were
studied by ultra-centrifugation methods, and their sedimentation
coefficients were determined, then he raised the temperature of
the fish to 38“6. he found molecules with the sedimentation
coefficients of 19 S and 7 S, which correspond to the figures found
for the gasma globulins of mammals,

It can be concluded from the above presentaticn that
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cold=blooded vertebrutes have the ability to produce antibodies
againsf a variety of antigens, and that this response is
influenced by the temperature of the environment, Yet there are
still mony unanswered questions, which require further investigee
tion,

In the past, most immunological studies have dealt with
man and other warm blooded animals, with the main objective being
the suppression of disease, Laboratory rabbits, guinea pigs,
mice, and rats have been primarily used in the studies of patho-
genicity, identification, and serology of microorganisms, However
these studies have usually been confined to the study of terrestial)
warm blooded hosts to microorganisms that are not of marine origin]
But today there is a new field of microbiclogy blossoming out,
marine microbiclogy, Here the environment for the host und the
microorganism are quite different from the terrestial forms, It
seems only logicaly that if a marine bacterium is pathogenic for
certain fish, to study this phenomenon in the normal environment
of the fish, It has been shown that muny of the bacteria isolated
from the sea are psychrophilic and halophilic and that the
immunological response of coldeblooded arimals is influenced by
the temperature, as well as the optimal growth and virulence of
a marine microorgunism, In the following study the immunological
response of a freshwater fish to bacteria of marine origin will be
shown, Also, the use of fish as laboratory animals for the seroe-
logical study of marine bacteria will be demonstrated,
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IMMUNIZATION OF A FR® SHWATIR FISH
TO A BACTERIUM OF MARINE ORIGIN

Introduction

It has been shown that fish produce antibodies, and that
the production of these antibodies is influenced by the temperae
ture, 1In this study the aims are to build up an antibody titer
in freshwater fish, usdng a bacterium of marine origin as the
antigen, to observe how long a fish will retain a titer without
the influence of chunging temperatures, and to see if an aname

nestic response takes place,
Materials and Met)ods

The fish used were comrom pool goldfish, Carassius
auratus, 10 to 12 inches in length, They were obtained from the
Auburndale Goldfish Company, Chicago, Illinois, The fish were
maintained in a large galvanized metul tank, which could hold
approximately 94 gallons of water, Since high concentrations of
zine and lead ions are futal to fish, by interfering with their
respiration (Afflick, 1952), the tank was painted with three coats
of a lead free epoxy pool paint.

Pigures I and II illustrate the installation of the tank
and the equipment used to aide in the maintainance of the fish,
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The tank was fitted with a bottom drain and an overflow drain,
The ov@rf!ow droin allowed fresh water to enter the tank as need-
ed, which was an aide in maintaining the temperature and cleane
liness of the water, A centrifugal pump, Cole-Palmer vodel 7106,
was used to circulate the water in the tank through a filter con-
taining glass wool and charcomal, This filter was susrended over
the tank from wall brackets, and it served two purposes, It allows
ed the water in the tank to be cleaned of debris, and it enabled
sufficient aeration of the tank's water, The pump circulated 6
liters of water per minute,

Being a relatively large volume of water, the tem erae
ture of the water was affected very little by slight temperature
changes in the room, The temperature of the wster was taken
daily, and it was found that over the period of the investigatiém,
the temperature of the water ranged between 20° and EZOC, except
for one instance, which will be discussed in the Results,

After the addition of fresh tap water to the tank, the
water was tested for chloridék. Little chlorine was found in the
water, which could be easily neutralized, Incidentally, the
fresh tap water was also put through a filter of glass wool and
charcoal before entering the tank,

The fish were originally tagged by putting aluminum
animal tags on their dorsal fins, !lowever this caused an ine
fection in the fins, which will be described in the Results,

The tageging was abandoned since the individual fish could be
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identified by its naturul markings, which wus easy when working
with a‘limited number of fish, |

The fish were fed daily, contrary to the instructions
given by the Auburndale Goldfish Compuny, which instructed to feed
the fish only twice a weeck, However since the fish were being
bled weekly, they were fed daily,

The antigen used in this investig:tion was a bactrrium
of marine origin, Milford 17, isolate? by the United States
Fisheries Service, Milford, Connecticut, and obtained from Dr, E.
Leifson, Stritch School of Medicine, Loyola University, Chicago,
I1linois, The physiological and morphological characteristics of
this organism are given in Table I, The organism was grown on
agar slants, and the medium consisted full strength artificial sea
water, 1,3% agar, .2% Casitone, ,1% yeast extract, and .05% Tris
Buffer, adjusted to pH 7,5, After two days of growth the slants
were washed with ,85% saline to harvest the cells, Flagella
stains were made in order to insure the presence of the flagallar
H antigen, and the stain technique employed was that of Leifson
(1951), The antigen was a suspension of live organisms in ,85%
saline, and it was adjusted to an optical density of .600 on the
Klett-Summerson colorimeter., The antigen used in the agglutinae
tion tests was adjusied to an optical density of ,200, The anti-
gen for testing of O antibodies was prepared by boiling a suspene
sion of organisms for one hour, thus inactivating the H antigen

(Smith and Conant, 1960),
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Before injection of the antigen, prelinminary experiw
m&ntatimna on the handling and the bleeding of the fish were
conducted, Most of the earlier investigutors sacrificed their
coldwblooded test animals in osrder to obtain the blood ard the
sera for testing, In this investigation it was desirable to
coliect the blood from the fish without killing it, Taking into
consideration the anatomy of the fish and the size of the fish
being used in this investigation, it appeared that the best
method to obtain the blood would be by heart pungture, ne fish
wis sacrificed and disected to find the exact location of the
heart, It was found that if one person would hoid the fish ine
verted in a pan of water, blood could be obtained with a Scc
syringe and a 22 gauge needle, The needle was inserted Just
anterior to the pectorcl fins on the ventral side and angled
dorsally and posteriorly to the heart. In the first attenpt the
blood clotted in the needle, liowever after the syringe and the
needle were rinsed with a 1 to 2% sodium eitrate solution to
prevent clotting, the blocd could be obtained eagily without any
apparent injury to the fish, Aporoximately 1 to 2ce of blood
could be obtained from each fish, and the serum was separated by
centrifugation,

A preliminary bleeding was done on euch figh, and the
serun was tested for agglutinins against the Milford A7 O and H
antigens, Macroscopic serial tube dilution azglutination tests
were conducted with the serum dilutions given in Table II,
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Agglutination tests for the H antigen were incubated st 37°C and
read aftex four hours, while those for the O antigen were ine
cubated at 52°C for eighteen hours, Later in the investigation,
sgglutination tests were also conducted at 20°C with interesting
results,

Seven fish were injected intraperitoneally with . Scc of
the antigen every five days until the titer reached o pesk und
leveled off, Two fish were used as controls and received ine
Jections of sterile sculine in the same manner as the antigen, All
the fish werc bled on the day prior to the next injection and then
week'y after the titer leveled off in the monner described, and
their sera were tested for agplutinins, At first both individual
and pooled sera were tested to check the titers, but since the
titers of the individual fish were almost identical, only the
poclec sera were tested, The reuson for this wer to conserve the
scra for further experiments, which will be discussed in Chupter
IV, After the titer levels started to decrease, a bocater shot
of ,5cc of the anticen was given to sce if an anammestic response

could be obtained in the test fish,
Regults

It was mentioned that the use of aluminum animal tags
caused an inflamotion of the dorsal fin, Cultures were made from
the infected arec on nutrient agar plates, and isolated white
mucoid colonies developed, Colonies were picked and innoculated
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into nutrient broth for fu:thér tests, Grum stains un flugella
staina‘from both the plates and the broth revealed & gram negative
polar monotrichous flagellate rod, Purther diagnostic tests
characterized the orgunism as & species of the genus Aeromonas
{(Galarneault, personal communication).

It was found that the Milford 17 organism, upon ine
Jection, did not have ary apparent pathogenic effect on the fish,
However this organism has beenm shown to be pathogenic for rabbits
(Ortiz, personal communication), (me of the test fish und one of
the controls did die during the course of the experiment, but this
was the result of them jumping out of the tank,

The agmlutinaion tests on t:e preliminary bleeding,
before injecticn of the antigen, showed that the fish did not
have any agglutining for the Miiford 17 organism (Table Iil),
Table 1V shows the titers of the individual test fish, the control
fish, and the pocled sera of the test fish after each bleeding up
to the time the titers leveled off, It can be seen that their
immunological responses to the Milford 17 O and H antigens were
practically identical, All of the test fish reached 2 maximum
titer of 11256 against the O antipen and a maximum titer against
the H antigen of 13128, The pooled sera also reached the same
maximun titers (Table IV and Figure IIY), In every cuse the cone
trol gave a negative resmonse to the Milford 17 antigens,

It can be scen from Figure I1I that theo fish atvained
8 maximum titer approximately 34 dmys after the injections began,
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snd tha: a further injecfion did not raise the titer any higher.
Prom Pigure III a one tube dilution drop in the titers of both
the 0 and H antibodies were observed, followed by & rise to the
original maximum titers, Howver at this time of this bleeding
the temperature of the water was found to be 15°C, The reason
for this drop in temperuture was due to a cold wave of sub-zero
Fahrenheit termperatures which dropred the room's temperuture
considerably, since the room had no means of being heated except
by the hent coming from the adjacent rooms. The rise to the
orizinal maximum titers came after the temperuture of the water
in the tank was raised to 21°C,

Further it was found t at agrlutination tests conducted
for both the O and H antigens nt 20°C gave higher antibody titers,
1:512 for the O antiserum and 1:256 for the H antiserum, The
reason for running agglutination tests at this temperature was
to try 40 set up a condition that would be more natural to the
antigenwantibody reaction that would occur in o fish in its
natural environment, These reactions will be discussed in Chapter
1v,

Finally the titcrs were observed to start dropping
about 70 days after the injections began, After 124 days the O
titer was 1164 and the H titer was 1132, and at this time a
booster shot of ,5cc of antigsen was administered, It can be seen
from Figure III that an anamnestic response was obtained in the
fish, and the titers beg:n to climb,
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TABLE I
MORPHOLOGICAL AND PHYSIOLOGICAL
CHARACTERISTICS OF MILFORD 17

Growth at 37°C +
Nitrate *
Indol +
Catalase +/-
Glucose p*
Sucrose B
Lactose -
Xylose -
Maltose B
Demannitol P
Growth on siant No speading
Gram stzin -
Flagellation
Slant Mixed
Broth Polur w notrichous

*P = Fermentaion without gas

18




Tube Saline

1.
2.
3.
4.
5.
6.
7
8.
9.
10,

o3ml
»3m1
«3ml
o 3m1
«3ml
«3ml
o3ml
«3ml
«3mi
o3ml

TABLE I1

SYRIAL TUBE AGGLUTINATION THST EMPLOYED

Unbnown

Antiserum Dilution

«3ml
«3ml
o 3ml
« 3m)
»3ml
«3ml
»3ml
o 3ml
«Jml

-

1:2
1:4
1:8
1116
1:32
1:64
15128
12236
1512

-

«3ml

Total

Antigen Volume of serum

Oml
.Oml
o6ml
«6ml
+»Oml
+6ml
Oml
«Oml
+Oml
.6ml

19

Finazl Dilution

1:4
i1:8
1:16
1332
1164
13128
13256
133512
1:1024

.




TABLE IIX

RESULTS OF AGGLUTINATION TUsTS ON

FISH SERA BFFORE INJECTION OF ANTIGEN

Pish
1.
2.
3.
4,
5..
6,
Te
Control
Pooled

O Agglutinins
égit 5233

-

-

H Agglutinins
at 37éC

-
-

L J

20




RESULTS OF AGGLUTINATION TESTS OF INDIVIDUAL

TABLE IV

AND POOLED SERA 0P TO MAXIMUM TITER LEVELS

21

Total Amount
of Antigen
Injected .3cC 1.0¢cc 1,3ce 2,0cc
Bleeding 1 2 4
H 0 H 0 H [4) H
Fish
1. 1:4 - 1:16 1:8 1:32 1316
24 - - 1:8 1:4 1:32 1:8
3. 1:4 - 1:16 1:8 1:32 1:16
4, 1:4 - 1:16 1:8 1:32 1:16
S5 1:4 - 1:16 1:8 13164 1:16
6. - - 1:8 1:4 1:32 1316
7 - - Di@d
Control - - - - - -
Pooled 1:4 - 1:16 1:8 1:32 1316




Total Amount

TARLE IV (cont't)

of Antigen
Injected d.5¢c 3.0ce 3.5cc 4,0¢cc
Bleeding 5 6 7 8
0 i 8] H 0 i 0 H
Fish
1. 1:64 1:32 13128 1:64 1:2356 1:128 1:256 1:128
24 1232 1:32 1:128 1:64 13256 1:128 1:236 1:128
3. 1:64 1:32 1:128 1:64 1:256 1:128 131256 1:128
4, 1:64 1132 11128 1:64 131256 1:128 1:256 1:128
5. 13128 1332 1:256 1:128 1:256 1:128 1:256 1:128
6. 1:64 1:32 1:128 1:64 1:256 1:128 1:256 1:128
Control - - - - - - - -
Pooled 1:64 1:32 1:128 1:64 1:256 1:128 1:1256 1:128




Titers

L2256
1:128
1:64
1:32
1316
1:8
1:@

FIGZ'RE XII

THT R7SULTS OF THE TIT'RS OF 04 L0 ANTISTRA
POR O AND H AGGLTININS, PLOTTRY AGAINST TIMR
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Discussion and Conclusions

- It has been shown that the fish in this investigation
produced antibodies for both the O and H antigens of the Milford
17 organism, This tends to substantiate the work of earlier
investigators that cQ;d~b1aoded animals have the ability to
produce agglutirins, As mentioned, the earlier investigators
demonstrated the influence of temperature on the production of
antidbodies in coldeblooded animals, showing that the titers in
the<e animals wonld fluctuate with charges in their environmental
temperatures, However in this study it was the aim to immunize
the fish and observe their titers over a period of time without
the effects of changing temperature,

Fr-m the results shown in Figure III, it was observed
that the titers in the fish for the O and H antigens reached their
maximum levels within 34 days, A further injection of antigen at
this time did not raise the titers any higher. The fish main-
tained these titer levels for approximately 33 days at tempera-
tures of 20° to 22°C before a decline started, However in one
instance a one tube dilution drop in both titers was observed on
the 44th day after the innoculations began, followed by a rise
on the 51st day to the original levels, It was found th:t the
terperature of the water in the tank at the time of the bleeding
on the 44th day was 15°C, The water was immediately adjusted to
219, andvby the 351st day the titers were back up as described,
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This reaction shows the affect that termperature has on the anti-
body tit@xa of coldeblooded animals,

| "It can further be seen that after the titers began to
decline an anamnestic response was produced when the fish were
given a booster shot of the Milford 17 antigen, Thus it is con=
cluded from this study that when fish are held at a relatively
constant temperature, their :ntibody response is similer to that
observed in warm blooded animals, That is, they can build up an
antibody titer to an antigen, maintain it for a period of time,
and produce an anammestic res onse to a booster shot., Thus the
mechanisms involved seem to be either the same or similar, The
only apparent difference is in the effect of temperature, which,
in cold-blooded animals, would seem to affect their metabolic
rates, It seems very probable, that if the metabolism of un
organism is decreased, its ability to produce gamma globulins or
antibodies weuld also be decreased, However further phylogenetic,
qualitative, and qnantitativs studies would have to be employed

to substantiate this.
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STROLOGGICAL STUDIES ON MORPHOLOGICALLY AND
PHYSIOLOGICALLY RELATED OPGANISMS TO MILBORD
}l y. USING PISH AS LABORATORY ANIMALS
Introduction

Marine microbiclogy, 2 new field of nicrobiclogy, has
blogsomed out in the past few years, Many microorgunisms have
been isolated, studied, and classified, und in some instances,
certain organisms have been found to be pathogenic for both man
and marine animals (Leifson, 1964a, and 1964bj and Sakazak'®,
1963), These orpganisms live and survive under conditions that

are quite different than those found on land, Many marine

bucteria are psychrophilic and halophilic, Since certain of these

bacteria have been associated with disease in certain marine
animals (Tubiash, personal communication), it only seems logical
to study such organisms under their natural conditions, Thus

it is the aim in this part of the investigation to conduct sero-
logical studies on a group of marire bacteris that share similar
morphological and physiological characteristics with the Milford
17 strain to see if there are any antigentic relationships be=
tween these organisms, using fish as laboratory animals,
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Materiale snd Methods

The organicns used in this dnvestigation are of marine
origin, and they have similur morphologicel end physiclogical
characteristies to the Milford 17 struin, which are cdescribed dn
Teble V. They were obtained from Dr, B, Leifson and Dr, T,
Gzlarneault, Stritch School of Medicine, Loyola University,
Chicaros Iilinois,

The test organisms wvere grown and harvested in the sane
manner described in Chapter YII for Milford 17, and their optical
densities were adjusted to 200 for the agglutination tests, The
agglutination tests were also performed in the sume manner as
described in Chapter IXII with the employment of tests at 20°C for
both the O and H sntibodies, As s control, the serum of the
control fish was tested against each one of the organisms, with

negative results,
Results

It can be seen from Table VI that the Milford 17 anti-
serum gives low titers for the O antigens of Xr4S, YBC17, and
YBC18, whereas negative rosults for the H antigens wern observed
at 52° and 379C respectively, However at 20°C o titer of 1:128
against the O antigen of XP45 and titers of 1:64 against the O
antigens of YBC17, YBC18, YSC3, YC4, and YM2 were found, while
titers against the H antigens of 1164 and 1132 were found for
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XP45 and YC4 respectively,
while conducting agglutination tests at 20°C for the
H antigen, an interesting phenomenom was observed in certain
tubes, Clots formed in the tubes containing low dilutions of the
antiserurm, thus indicuting that the serum must have also contained
some plasma, This wus noticed in the tubes containing Milford 17,

XF3, XRB18, and YB7 antig-ns,
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TABLE V
MORPHOLOGICAL AND PHYSIOLOGICAL CHARACTERISTICS
OF ORGANISMS TUSTED AGAINST THF MILFORD 17
ANTISERUM, PRODUCED IN PRESHWATE

Lateral Growt

aluse

Opganisn* Flogella®® ¢ 37gc Gelatin  NOg Indol Cat
Milford 17 + + + + -
XA3 - - + + -
Xr1 + +he » * -
XP3 - - . + -
XpP4s + *44 + + *u
Xp46 + i S 2 + + Y
Xnis o - + + tu
YB?7 - e + + -
YB10 - - + * -
YBCL7 - e + + *
YBC18 + +oe + + +
YSC3 + ot + + -
YC4 + e + + -
h'gnd - * b H + * Yoo

[
+f -
-+

44
o e

44

e
4
e
ot

+ ¥4

* All organisms are gram neg.utive motile rods,

** Flagellation was determined from slant cultures only,
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TABLE V {con't)

Organism Glucose Sucrose Lactose Xylose Maltose D-Mannitol

Milford 17  + + - - + *
XA3 + + - - * *
XE1L * + - - + +
XF3 + + “ - * Y
XP4s + + - - * ¥
XP46 + + - - M *
XR18 + + - - + +
YB7 + + +/,.. - + +
YB10 + + - - * *
YBCL7 + + - - * +
YBC18 + + ~ - * +
¥SC3 + + - - * *
YC4 + + - - + *

Y2 +* * - - + +




TABLE VI
RESULTS OF AGUGLUTINATION TLSTS

WITH MILFORD 17 PISH ANTISERIM

Organism Titers of Antiserum

L8 W& 2%
Milford 17 1:256 1:128 1:512 1:256
XA3 - - - -
XE1 - - - -
XF3 - - - -
Xr4s 1:8 - 1:128 1:64
Xr4é6 - - - -
Xr18 - - - -
YB7 - - - -
YB10 - - - -
YBC17 1:4 - 1:64 -
YBC18 1:16 - 1:64 -
YSC3 - - 1:64 -
YC4 - - 1:64 1:32
M2 - - 1:64 -

O* incudbated 20 hours,
H* incubated 4 hours,
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Discussion and Conclusions

It can be seen from Table V that these orgunisms have
similer morphological and physiological characteristics to the
Milford 17 organism, Thus it was the aim in this study to sce
if these orpanisms might share antigenetic properites with the
Milford 17 strain, using the Milford 17 artiserum produced in
fish, Low titers were found against the O aﬁtigens of Xp45,
YBC17, and YBC18 when dncubated at 32“0, while no apparent titers
were observed against the H antigens incubated at 37°C. However
when the tubes were incubated at BOQC, fairly high titers were
observed against the O antigens of XP45, YBC17, YBC18, YSC3, YC4,
and YM2, Apparently these bacteria share O antigens with the
Milford 17 strain, The reason for the presence of higher titers
at 20°C is not exactly cleur, The immune reosponse of fish and
perhaps other coldeblooded animals seems to be optimal at this
trmperature, Thus an antigeneantibody reaction with such
organisms in the laboratory would give better results if the
conditions of the tests were set as closs as possible to the
conditions that such reactions would take place in nature,

The formation of clots in some of the tubes apparently
is due to the prerence of plasma in the serum, since an antie
coagulant was used when the fish were bled, ‘owever clots were
not produced in all of the tubes, and no clot was present in the

tube containing only the antiserum, Furthermore the clots were
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produced only in the tubes that were incubuted at 20°C, It is
possible that the clotting is due to coagulase or a coagulase-like
substance produced by the test orpanisms, PFurther investigation
on this observation is now being done,.

From this investigation it can be seen that fish can
be used for immunological and serological studies, arine
microbiology is & relatively new field in microbiclogy, which
offers a broad spectrum of future investigations, The use of
aquatic coldeblooded animals in the laboratory may provide more

natural conditions for the study of marine microorganisus,
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SUMMARY

A study was conducted on the immunological response of
a freshwater fish, Carassius auratus, to a bacterium of marine
origin, Miiford 17, and it was found that antibody production
was similar to that of warm blooded animals, when the temperature
of the fish was constant, An anammestic response was also
observed in the fish, Serological studies were made with bacteria
of marine origin which share morphological and physiclogical
properties with the Milford 17 strain, showing that certain of
these organisms must have antigens in common with the Milford 17
strain, 1In this part of the investigation, fish were used as

laboratory animals for the production of Milford 17 untiserum,
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