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PREFACE

The information obtéined from this study might be of in-.
terest to both biomedical and fishery scientists; therefore,
this dissertation was prepared in three sections. FSection I
~and II were prepared as hanuscripts to be submitted fot pub-
.lication. Section I was prepared for a biomedical journal
describing the physiological status in clinically ill fish.
'Séétion II was prepared for a fisﬁeries journal and describes
the changes found during the course of disease. Section III .
contains appendices which reQiew the relevant literature and
éontains statistical analyses of the collected data. The reader
is.referied to thé appendices for a description of the virus and

a current synopsis of the epizootiology of the disease.

General Background

Infectious Hematopoietic Necrosis (IHN) virus can cause
serious mortality in juvenile sockeye salmon (dncorhynchus
nerka) , chinook salmon (0. tshawytscha), and rainbow trout
(Salmo gairdnerii) and is prevelent in these species along
the Pacific Coast. Although a disease of sockeye salmon
believed to be of viral origin was first recognized in 1951,
the etiological agent was not isolated until the mid-1960's
when cell culture systems became available. Now much national
and international concern has arisen because of recent IHN
epizootics across Noxrth America from the transportation of
infected fish. ConscJjuently, there is a great need for in-
formation concerning identification of carrier fish and con-
trol of the disease. To obtain this information necessitates

an understanding of the virus and epizootiology of the disease.
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There have been several studies where the IHN virus was
studied and characterized (see appendix A). Gross clinical
signs of the disease and the histological pathogehesis have
been described. Some information is available on the epizo-
otiology of the virus, but the data are not complete. There
have been no reports to my knowledge of the pathophysiology
in fish due to IHN disease. There have been several reports
which associate a low water temperature with a high disease
potential. Because fish are poikilothermic animals, various
physiological functions which are temperature dependent must
operate to combat disease and influence viral persistance.

Experimental Objectives

In modern clinical laboratories, various tests of phys-
iological functions are followed to determine the disease
status of individuals, and some of these tests are of diag-
nostic value. Because similar tests could be of valué in
fisheries medicine, the objective of the experiments was to
determine which physiological tests could be used to give a
better understanding of the disease process due to IHN virus,
and to determine if certain physiological changes could be
diagnostically useful.

The general approach was to select various physiological
and biochemical tests for which microprocedures were avail-
able and these tests should give information regarding func-
tional dhanges in blood, kidney, liver, pancrease, gill, and
other vital functions of rainbow tréut infected with IHN virus.
Comparisons were made at water temperatures which are conducive

to disease and at temperatures where disease does not occur.
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Comparisons were also made with some other fish diseases.
Lastly, the immunological response of rainbow trout following

infection with IHN virus was determined.

s,



SECTION I
PATHOPHYSIOLOGY OF INFECTIOUS HEMATOPOIETIC NECROSIS
VIRUS DISEASE IN RAINBOW TROUT: HEMATOLOGICAL AND
BLOOD CHEMICAL CHANGES IN MORIBUND FISH1
Donald F. Amend
Western Fish Disease Laboratory
Sand Point NSA
Seattle, Washington 98115
(This manuscript is to be submitted to Proceeding of Experimental
Biology and Medicine.)
INTRODUCTION
Infectious Hematopoietic‘Necrosis (iHN) virus infects
sockeye salmon (Oncorhynchus nerka), chinook salmon (0.
tshawytscha), and rainbow trout (Sailmo gairdneri) and is prevalent
along the Pacific Coast. The virus has the properties of
Rhabdoviruses (1, 2). The primary pathological lesion in diéeased
fish is extensive necrosis of the hematopoietic tissues, but in
terminal cases necrosis of the liver, pancreas, and granular
cells of the lamnia propria of the gut is also found (3,4);
The epizootic potential is highest at 109 C and disease does
not occur naturally above 15° ¢ (5, 6). However, in cell culture
the virus replicates and causes cytopathic effects at temperatures
up to 18° ¢ (3, 7). |
Although some information is available regarding the pro-
perties of the virus and epizootiology of the disease (8),

only limited data exists regarding the physiological patho-

genesis of the disease and the mechanisms by which fish resist

1 This paper reports a portion of the work encompassed by a thesis
submitted to the University of Washington School of Fisheries
in partial fulfillment of the requirements for a Phd degree.
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" infection. Various differential hematological, physio-chemical,
enzyme, ahd'organ'fupctidn tests are used in mamalian medicine

to aid in disease diagnosis and to follow the pathogenesis

and recovery from diéease. In this study various hematological
and blood chemical tests were performed on dlinically ill fish

fo determine if some tests may be of diagnostic value, and to
‘gain a better understanding of the response of fish to this viral

" infection.



MATERIALS AND METHODS

Rainbow trout (Kamléop variety) averaging about 25 g each
were placed in 700 L aquaria supplied with flowing 9° Cc de-
chlorinated municipal water. There were 200 experimental and
200 control fish in separate aquaria. All fish were acclimated
to the water for 2 weeks prior to the experiment and were main-
tained on a commercial dry pellet diet. The water had a total
hardness of about 20 ppm (as CaC03) and a pH of about 6.6.
Further characteristics of the water supply were described by
Amend (9). |

The fish were fasted for 24 hrs. prior to injection. A
50 ppm Benzocaine solution was used to anesthetize the £fish,
then 0.1 ml of IHN virus (107‘5TCID50/ml) was injected ip into
each fish. The controls were ﬁandled similarily except that
just cell culture media was injected. The virus was originally
isolated from rainbow trout and was neutralized by IHN specific
antisera.

As the fish became lethargic and showed signs of the disease
(3), the fish were again anesthetized.i After excess water was
removed from the surface of the fish, the caudle peduncle was
severed and blood collected into heparinized capillary tubes
from the caudal artery. Also, hemoglobin and red blood cell
counts were determined and blood smears and anterior kidney
imprints prepared (10). The capillary tubes were sealed and
centrifuged at 1000 xg for 10 min. The packed cell vdlume
was calculated, then the plasma pH, bicarbonate, and chloride
was frozen (—10o C) and the other biochemical tests were performed

within 1 month. Control fish were randomly selected and handled
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similarily except all fish were processed on one day about the
time peak mortaiity was occurring in the infected group (7 day
post injection). All analyses were performed on individual fish.

Blood smears and tissue imprints were air dried, fixed
in methanol, then stained with Lieshman-Giemsa. The cells were
classified according to Klontz (12). Ascorbate analyses were
perfofmed as described by Wedemeyer (13) using homogenized
anterior kidney tissue, glucose was determined by method of
Duboloski (14), and bilirubin by the modified Nosslin method
(15). Bicarbonate and calcium were determined by titration and
the plasma pH with a pH meter at 37° c, then calculated to 10° c.
Osmolality was measured by the freezing point depression method
and phosphorus by the Molybdate method. The pCO2 was determined
mathematically using the Henderson-Hasselbalch equation for blood
carbonate.

Horizontal starch gel electrophoresis was used for detecting
alterations in plasma lactic dehydrogenase (LDH), esterase,
peptidase, and glutamic oxalacetic transaminase (GOT) isozymes
concentrations (16). Using a photometric analyser, the optical
density from polaroid negatives of the stained gels was used
to semi-quantitate alterations in the LDH concentrations. A
more quantitative measurement was attempted using a densitometer
but the difference between peaks was too great to standardize
on the machine. Perhaps standardized serum dilutions would
resolve the problem. Disc acrylamide gel electrophoresis was
used to separate plasma proteins andﬂthe concentration of each
peak was gquantitated by direct scanﬁing of the gel with a

densitometer equipped with an internal integrator.
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Fluid balance was determined by weighing individual fish
to the nearest 5 mg. In this test 15 rainbow trout averaging
about one gram each were injected intraperitoneally (ip) with
0.01 ml IHN virus (106‘0TCID50/m1) and 15 fish with the same
amount of cell culture media. Each fish was held in a separate
container and weighed daily for 19 days. The fish were anesthetized
and excess water removed by blotting on absorbant paper befqre
each weighing. The fish were not fed during the test and a
virological examination was performed on all fish that died.

During these tests IHN virus was grown on established
epitheliod embryonic rainbow trout cells. The cells were
grown in Eagle's minimal essential media (Earl's Salts) con-
taining 10 percent agamma fetal calf serum, 100 iu penicillin G,
and 100 mg streptomycin per ml. Virus infected cells were grown
at 15° C and virus was harvested in about 6 days when all cells
showed cytopathic effects. The virus preparation was centrifuged
at 1000 xg for 10 min. to sediﬁent cellular debris. Viral

titrations were quantitated by the Reed-Muench method.
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RESULTS

Hematology

The hemoglobin, hematocrit, and red blobd cell (RBC)
levels were significantly depressed in all moribund fish (Table 1).
However, the mean corpuscular volume, mean corpuscular hemoglobin,
and mean corpuscular hemoglobin concentration were normal. This
suggests that there was a normal reduction in the cellular con-
centration. The % immature RBC's was significantly increased
(P<.05) in the infected fish but the difference of means between
infected and control fish was only 2.2%.. The % leukocytes in
the total blood smear remained unchanged, but there were some
significant changes in the differential abundance of leukocytes
(Table 1). There was no difference in the % monocytes but the
% lymphocytes increased and the % neutrophils greatly diminished.
The relativew% increase in lymphocytes was probably due to the
absolute reduction in neutrophils. It appears that the neutrophils
are the predominant type of circulatory cell being affected by
this disease. This is perhaps most apparent by comparing the
control:moribund ratio in Table 1.

The data above indicates a normocytic anemia with a selective
reduction in the abundance of neutrophils. There were no abnormal
lymphocytes observed in the circulatory smears, but there appeared
to be excess debris in the smears from infected fish. There were
areas where basophilic granules were common and occasionally
unidentifiable necrobiotic disintegrating particles were seen
(Figure 1). These necrobiotic partiéles were found only on
slides from infected fish.

\The anterior kidney is the major site of hemopoiesis in



SECTION I
Table 1: Hematological compa.nson of uninfected controls with mor:.'bund
rainbow trout infected with IHN virus. (mean values with standard
error and sample size in parenthesis)

Hematological ]

Test ' Units Controls Moribund Statistic C/M2

Whole Blood

. + .
Hemoglobin g/100 ml |9.4 - 0.2(20) 7.1 £ 0.14(20) ** 1.32
Red Blood Cells 6 + :

. (BBC) X10 /ml }1.33 - 0.03(20) 0.97 t 0.07{20) ** 1.37
Packed Cell + + :
Volume % L7 = 1(29) 35 - 3(20) ** 1.3k
Mean Coi'puscula,r + +
Volume. - 359 - 11(20) 347 - 19(20) NS 1.0}

gl B .
Mean Corbuscula,r T + +
Hemoglobin g 72 - = 2(20) 7L = 2(16) NS 0.97
Mean Corpusculaxr
Hemoglobin Con- + +
centration % 20.1 - 0.4(19) 19.6 - 1.7(16) NS 1.03
Blood Smears>
+ +
Mature RBC % 91.1 - 0.7(20) 87.8 - 2.4{18) NS 1.04
Immature RBC % 7.0 £ 0.6(20) 9.2 £ 1.1(18) * 0.76
Total Leukocytes | % 2.0 ¥ 0.2(20) 2.5 % 1.3(18) NS 0.89
Differential L
Leukocyte Count
+
Mcnocytes % 5.3 £1.0(20) 3.0 = 1.0(18) NS 1.7
Lymphocytes % 90.7 ¥ 1.7(20) 96.0 £ 1.0(18) X% 0.9l
’ +
Neutrophils % L.0 2 1.0(20) 0.7 % 0.3(18) *% 5.7

1. Statistical Significance*P=<,05 **E€01, NS=not significant

2. C/M = control:moribund ratio

3. Immature RBC and Leukocytes are expressed as % of a total of about 500

cells counted, including mature RBC.

L. Monocytes, Lymphocytes, and Neutrophils are differential percentages of
about 100 Leukocytes counted.



Figure 1:

SECTION I

Cellular changes in blood of rainbow trout infected
with IHN virus: (A) monocyte in blood smear showing
vacuolated cytoplasms; (B) and (C) arrows indicate
necrobiotic disintegrating particles in blood smear;
(D) macrophage with vacuolated cytoplasm and early
necrotic debris in anterior kidney imprint; and

(E) extensive necrotic debris in anterior kidney
imprint.
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fiéh‘and the imprints prepared from thié area indicated areas

- of severe necrosis (Figure 1). Although no attempt was m;de to
quantitéte the number of necrotic particles, there appeared to
be considerably more debris and necrotic particies in the kidney
imprint than in the circﬁlatory smears. Also, many of the early
blasf gellsvwere affected. A "vécuolated" cytoplasm condition
~was seen in some macrophages and this appeared to be more
préminent in fish where necrosis was less evident. Again there
appeared to be a lack of neutrophils. There was no evidence

of an inflématory response. |

Biochemical Changes

The most severe changés resulted in a reduction of the
"§153ma electrolytes (Table 2). Calcium, phosphorus, osmolality,
and bicarbonate leﬁels were greatly reduced and there was a
significant decrease in the plasma chlorides. The bilirubin
levgl was also reduced, but there was no significant change

in plasma glucose or in anterior kidney ascorbate levels. There
is consideréble difference in the mean glucose values between
Test 1 and the replicate Test 2. The values in Test 1 are
normal values. The values in Test 2 are high and may be due

to excessive handling stress (13), but the trend of both tests
is the same.

‘Plasma protein and enzyme analyses were determined on the
same fish. Tests for total protein indicated no significant
difference between moribund and control fish. Plasma was then
subjected to disc electrophoresis to determine if there were
alterations in any of the various prdteins fractions. Table

3 shows that there was a highly significant increase in the



Table 2:
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SECTION I

Biochemical comparison of plasma from uninfected

controls with plasma from moribund rainbow trout
(mean values with standard

error and sample size in parenthesis)

infected with IHN virus.

Clinical Test Control Moribund Statisticl
Bicarbonate
(mEq/L)
Test 1 9.8 ¥ 0.5 (20) 5.8 £ 0.8 (6) k%
Test 2 10.5 ¥ 0.5 (20) 6.1 £ 0.4 (15) *%
Chloride '
(mEq/L)
Test 1 115 £ 1 (10) 107 £ 4 (12) *
Test 2 119 ¥ 2 (20) 113 £ 2 (16) *
Glucose
(mg/100ml)
Test 1 81.1 ¥ 6.3 (15) 136.0 ¥ 43.4 (11) NS
Test 2 429 * 85 (10) 381 ¥ 81 (10) NS
Osmolality + , +
(mOsm) 315 = 2 (7) 277 = 6 (9) *k
Phosphorus + +
(mg/100ml) 15.38 ¥ 0.57 (10) 12.11 T 0.49 (10) *k
Calcium + '
(mg/100ml) 10.8 = 0.39 (10) 8.07 ¥ 0.58 (10) %
Bilirubin +
(mg/100ml) 2.1 ¥ 0.2 (16) 1.2 ¥ 0.4 (4) *
Interrenal
Ascorbate +
(ug/9g) 51.5 £ 3.4 (4) 45.8 ¥ 2.1 (10) NS

1. See Table 1 for explanation
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Aalpha;Z fraétion énd a decrease in the'alﬁha-3 fraction of

moribund fish. Figure 2.shows a typical densitometric scan of
plasma from a moribund and a control fish. In the same serum
samples, no difference could be detected in the plasma concen-

tration of esterase, GOT, or peptidase isozymes, but there was
]

4
major regions of LDH activity were evident in both control and

‘a significant increase in the B2  LDH isozyme (Table 4). Two

mdribund fish (Figure 3), but the change was limited to the

4
variation with LDH isozymes,'but the B2; gene frequency is most

B2 isozyme. Utter and Hodgins (16) showed that there was genetic
prevalent in serum. LDH isozyme patterns were also compared in
muscle, anterior, kidney, posterior kidney, liver, spleen, and
gill, but no differences were detected. -

Acid-Base and Fluid Balance

The reduced bicarbonate levels shown in Table 2 indicated
that acid-base regulations were being affected, perhaps assoc-
iated with alteration of the body water balance. As can be
seen in Table 5, the acid-base balance was severly affected.
The total buffering capacity was greatly reduced and the pH
was significantly increased. This means that the pCO2 (H2C03)
was reduced more than the HCOE level thus increasing normal
base acid ratio. The condition suggests a trend towards an
uncompensated alkalosis (higher pH) which may be complicated
by a metabolic acidosis (lower alkali reserve).

The body fluid balance was determined by daily weighing
individual fish. The weight of each fish was combined into

3-day composites, and then the 3-day mean of all fish in each

group was determined. The data were then subjected to linear
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SECTION I

L]

Table 4: Comparison of B2 LDH isozyme concentration in
plasma from control and moribund rainbow trout
infected with IEN virus. Values are photometric
measurements from photograph negatives of stained
starch-gel electrophoretic determination. (mean
values with S.E.)

Sample Size Optical Density
Test Control Infected| Control Moribund Statistic(l)
rest 1(2) 4 4 2.51 ¥ .07 1.94% .10 *k
Test 2(3) 9 9 0.851 ¥ .016 0.677 = .021 *%

(1) see Table 1

(2) cumulative values of 3 readings taken at center and b
1 mm of center of enzyme activity for each fish

(3) reading taken at center of enzyme activity
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SECTION I

Table 5: Comparison of acid-base balance between 15 unin-
fected controls and 15 moribund rainbow trout
_infected with IHN virus. (mean values with
standard error)

{Clinical Statistical (1)
" Test: Control Moribund Significance
S + +

HCO3 (mEq/L)| 10.54 - 0.48 6.14 - 9.41 k%

1o (2) 7.454 ¥ 0.019 7.594 ¥ 0.022 *
PCO, (mmHg) 15.56 *.0.68 6.45 ¥ 0.33 *x
H,CO, (mEQ/L) | 0.47 ¥ .02 0.20 - 0.01 %

| I + +

1HCO_ /H.,CO 22.9 - 1.0 31.5 - 1.6 *%

372773 .
Total CO2 + .+
(mEq/L) 11.01 - 0.49 6.33 - 0.42 *%

(1) see Table 1

(2) mean hydrogen ion concentration (H+) expressed as pH
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Ifegression analysis. Because all fish were faéted over the 19
daY'tést,'the control fish lost weight at a rate of about 5 mg
per day or a total 6.5% weight loss (Figure 4). This weight
loss for fasting fish is comparable to Brett's data (17) for
starved sbckeye salmon. In contrast,‘the infected fish con-
ﬁinued to gain weight until they died. The avérage weight gain
was about 15 mg per day or about a 20% total weight gain. This
difference was highly significant and demonstrates that the

infected fish had lost their ability to regulate their fluid

balance.



18

- SECTION I

sApQg

02 8l Ol ¢l Ol © VA 12
| 1 1 — - . ] ) ] .
104}U09)
| - —— _
+ ) \\s‘ ‘q
QMOO.OIHQ —8— W.W.h“ .
g~
\\\\
pajosyu; B~
\\
\\\ \\9
" v @/OO.’..

"D o6 I SnITtaA zmH U3ITM Pa3oojFuT
pue @m»omm:a:s 3nox3} Moqurex mzﬂummm Jo usmamz uesw Jo uosTtxedwo)

-008”

-006°

000l

"
-001 'l

-002°1

-00¢'1

tp sanbta

Q
3



19
DISCUSSION

The first pathological lesions in IHN disease occur in the
hematopoietic tissues of the anterior kidney and in the spleen
(4), and anemia is a typical sign of disease (3). Watson (18)
described some of the cellular changes, but this report is the
first to characterize and quantitate these changes.

It}appeared that the fish underwent a normocytic aplastic
anemia. Although hematopoietic tissue appeared to be responding
by an increase in % of immature ce;ls, the degree of response
was less then expected. Perhaps there was some paralysis of
the hematopoietic tissue as evidenced by the necrosis seen in
the kidney imprints. This was apparent even in the most anemic
fish. Several fish had hemoglobins as low as 4.0 g/100 ml and
a hematocrit of 7% and still there was no evidence of increased
hemopoiésis. However, the mean value for hemoglobin, hematocrit,
and RBC, though significantly lower than control values, were
still in the normal range (19, 20).

Watson (18) and Amend and Chambers (21) reported the
appearance of necrotic éarticles in diseased sockeye salmon
and suggested that the degenerate cells were probably lympho-
cytes. Parisot (22) reviewed Watson's work and surmised that
these degenerate cells were immature erythrocytic nuclear
fragments leaking from the kidney. Leukopenia was also said
to be characteristic of the disease (3); however, no quanti-
tative data was presented in the above papers. The data presented
here does not resolve the identity of the necrotic particles,
but does dispute the idea of a generalized leukopenia. On the

contrary, there was no evidence of a generalized leukopenia,
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but there was definitely a neutropenia associated with the
disease. Neutrophiis-and macrophageé are common targets of
systemic viral infections and often serve as the source for
spread of the agent throughout the host (23). Perhaps the
‘necrobiotic parﬁicles, in part, are debris from disintegrating
neut:ophils. Fluorescent antibody studies should help resolve
-this question. |

| aAlthough the hematopoietic tissues of the anterior kidney
are the major site of necrosis, histological examination of the
renal.tubules and glomeruli show little change (3, 4). This,
howevei,Adoes not’ﬁeéessagily mean that there is no physiological
alteration of the renal functions, and the data presented here
suggests that kidney dysfunction may be the primafy cause of
-death.

The teleost kidney functions primarily as a regulator of
body fluid and secondarily as an excretory organ and electrolyte
regulator (24). The freshwater fish is hypertonic to its
environment and water continually diffuses across the gills into
the blood. The kidney eliminates this excess water and re-
absorbs most of the body electrolytes. The gill function not
only as a respiratory organ, but also as an excretory and ion
regulating organ (25).

These experiments indicated that the normal physiology
of the kidney was altered. The weight increase most clearly
demonstfated this, and much of the ioss of electrolytes and
‘perhaps some of the hematological changes can be explained

by hemodilution. The condition was also probably heightened
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by loss of other renal regulatory functions. The alteration
in acid-base balance could have been due to physiological
dysfunction of the renal elements of the kidney.
It should be noted that some of the values I reported

for acid-base balance are derived values and do not necessarily
represent normal values. Garey (26) pointed out that different
methods for determining blood pH result in different values.
Blood pH is considerably higher if measured by chronic cather-
ization as compared to cardic puncture. Becausé catherization
is impractical in a 25 g fish, the pH values I reported are |
more comparable to those of Garey's cardic puncture and Wedemeyer's
(personal communication) caudal artery values. Furthermore, the
valués I reported were calculated by the standard formula used
for humans: (HCOE)

pH = 6.1 + LOg —8 ———

.03pCO5
at 38° C¢. This, of course, is not temperature corrected for
pK and solubility constant (27, 28). However, for just comparing
moribund fish to control fish the predictions derived from the
data are still valid because all fish and samples were handled
the same.
As Wedemeyer and Chatterton noted (29), the terms alkalosis

and acidosis are relative to tempeéature and because ¢f this,
it cannot be said that the IHN infected fish were suffering
from alkalosis. In fact the pH was still within the normal
range at 10° C, even though there was significant alteration
of the acid-base ratio and severe depletion of the alkali reserve.

Randall and Cameron (30) stated that changes in blood ph with
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temperature were regulated by varying the (HCOS) and the pCO2
remained constaﬁt. However, at a constant temperature any
raise in the blood pH when the (Hcog) is below normal must be
due to a greater reduction in the pCO, (H2C03). The alkali
deficit could be due to metabolic acidosis, but the increased
pH indicates an over compensation, most likely by respiratory
mechaﬁisms. The anemic condition also must contribute because
the PO, would be reduced, which in turn must affect the pCO,
levels (28). Furthermore, the regulatory mechanisms of the
kidney may be reduced which would contribute to uncompensated
regulation of acid-base balance. The mechanisms of acid-base
regulations by each organ is just beginning to be understood;
therefore, a more realistic evaluation of the changes noted in
this paper must await further information regarding the relative
importance of gill and kidney in regulating acid-base balance.

Pathological changes are also observed in the liver and
pancreas of fish terminally infected with IHN disease (3, 4).
However, none of the physiological tests indicated a change
in function of these organs. Glucose regulation was unchanged
and bilirubin levels were lower in infected fish. Enzymes can
sometimes indicate pathological changes due to viral infections
(31), and Bell (32) showed that certain enzymes could be of
diagnostic value with some fish diseases. However, no enzyme
differences were noted here except for an increased plasma Bzé
LDH. Various pathological conditions can result in an increase
in LDH (33). The LDH virus of mice inhibits the reticular
endothelial system from clearing LDﬁ, thus LDH accumulates in

the serum (34). In other wviral infections, the reasons for LDH
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increase are not clear, but tissue damage is uéually suspected.
The reasons for the specific 32; LDH increase in this test were
not clearly evident. It is also not known what change would
occur in the few fish which have been shown not to express this

geneticaliy variable enzyme (Uttér and Hodgins, 1972).
| Diminished levels of serum proteins have been reported for
several'diseases of fish (35, 36){ However, with IHN disease
‘there was no apparent overall reduction in total plésma protein,
but.tﬁere were specific alierations in some of the serum proteins.
Klontz, et al (37) using cellulose acetate strips showed an
increasevin the beta-2 serum fraction of chinook salmon surviving
an IHN infection and éuggested it may be of immunological
_significance. The antibody activity of fish serum resides

in the slowest migrating macroglobulin (33, 39). In these

tests alterations were observed in the alpha-2 and alpha-3
fractions. Although the reasons for this are not clear, tissue
damage or some other host response may be responsible for this
.change. The separation of contrbl plasma was similar to that
previously reported with disc electrophoresis (4).

Ih conclusion, the cause of death seems most closely
correlated with the reduction in serum electrolytes. The anemic
condition, raised blood pH, and other changes found were not
incompatable with’survival, However, the very low blood os-
molality and plasma bicarbonate were considefably.below normal
values (20). The very low osmolality value indicated a very
poor prognosis (41) and also suggestéd a considerable loss of
éodium. Bll of these data implicated acute kidney failure as

the most probable cause of death. Urine PH, HCOS, water
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clearance, and osmolality would have given much additional
information, but these tests were not possible on a 25 g fish.

Future studies should include analysis of serum sodium and

potassium.
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SUMMARY

Rainbow trout were infected with Infectious Hematopoietic
Necrosis (IHN) virus, and various hematological and biochemical
measurements of moribund fish were compared to uninfected con-
trols. Infected fish had reduced corpuscular counts, hemoglobin;
and packed éell volume, but normal MCV, MCH, and MCHC. The %

immatﬁre erythrocytes was increased but the % leukocytes were
unchanged. Differential leukocyte counts showed a significant
decrease in neutrophils, increase in lymphocytes, but no change
in monocytes. UnidentifiableAnecrobiotic disintigrating par-
ticles were prevalent. in blood smears and hematopoietic tissue
imprints.

Plasma bicarbonate, chloride, calcium, phosphorus, bili-
'rubin,and osmolality were significantly reduced, but plasma
glucose and anterior kidney ascorbate were unchanged. Plasma
pH increased and there were alterations in the alpha fractions
of the serum proteins. No change was found in plasma enzymes,
except that the B ; LDH isozyme was significantly increased.
The alkali reserve was diminished and there were alterations
in acid-base and fluid balance.

Death probably resulted from a severe electrolyte and

fluid imbalance caused by renal failure.
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SECTION II

PATHOPHYSIOLOGY OF INFECTIOUS HEMATOPOIETIC NECROSIS
VIRUS DISEASE IN RAINBOW TROUT: EARLY CHANGES IN BLOOD
AND ASPECTS OF THE IMMUNE RESPONSE AFTER INJECTION OF
IHN VIRUS.!

Donald F. Amend

Western Fish Disease Laboratory

Sand Point NSA

Seattle, Washington 98115

(This manuscript is to be submitted to the journal of the

Fisheries Research Board of Canada.)

ABSTRACT

Juvenile rainbow trout (Salmo gairdneri) were injected
with Infectious Hematopoietic Necrosis (IHN) virus and various
hematological and blood chemical changes were followed over a
nine day period of taking daily random samples. The packed
cell volume, hemoglobin, red blood cell count, and plasma
bicarbonate were significantly depressed by day 4. No change
occurred in plasma chloride, calcium, phosphorus, total protein,
or in any of the blood cell types during the 9 day period.
Furthermore, plasma B2; LDH isozyme was significantly increased
by the fourth day, and fish infected with Infectious Pancreatic
Necrosis virus, Vibrio anguillarum, Aeromonas salmonicida, and
redmouth bacterium did not show specific LDH isozyme alterations.
Acid-base alterations occurred at 10° C but not at 18° C. The

'

acid-base imbalance and elevation of the B”, LDH isozyme were

consistantly associated with the early development of the disease.

l. This paper reports a portion of the work encompassed by a
thesis submitted to the University of Washington School of

Fisheries in partial fulfillment of the requirements for a
Phd degree.
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The immune response after injection of IHN‘virus was
detérminéd'and protection from disease was tested by passive
immunization. Acti?ely immunized fish developed IHN neutralizing
antibodies within 54 days after injection of virus and the
" antibodies were protective when juvenile fish were passively

jimmunized and experimentally challenged with IHN virus.
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INTRODUCTION

The physioiogical changes associated with disease are
used extensively in mamalian medicine for diagnostic purposes
and to determine the prognosis of disease. Several attempts
have been made to determine the physiological status of fish
infected with various pathogens (Hunn, 1964; Bell, 1969;
Wedemeyer and Ross, 1973; Mulcahy, 1969; Field, et al, 1944;
Foda, 1973; Cardwell and Smith, 1971) and with some toxic
chemicals (McKim, et al, 1970; Wedemeyer, 1971). However
most physiological tests are not routinely used in fisheries
medicine because an insuffigient number of diseases have been
studied for comparative purposes and because normal values have
not been widely established or the tests standardized. The
recent works of McCarthy, et al (1973) and Wedemeyer and Nelson
(1973) have aided much to establishing the normal ranges of
many physiological parameters of rainbow trout (Salmo gairdnerti).

Amend (1973) described the physiological status of moribund
rainbow trout infected with Infectious Hematopoietic Necrosis
(IHN) virus. The disease was characterized by a severe depletion
of the alkali reserve and an imbalance of blood electrolytes
resulting in decreased blood osmolality. The reason for this
was believed to have been due to a loss of renal function as
a result of the viral infection. The objective of this paper
is to describe some of the early changes following experimental
injection of IHN virus. Objectives also include a comparison
of infected fish at two water tempegatures, a comparison cof
plasma lactic dehydrogenase (LDH) isozymes of IHN infected fish

with the LDH isozymes of some bacterial diseases, and a pre-
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liminary description of the immune response of rainbow trout

to IHN virus.
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- MATERIALS AND METHODS

EXpérimehtal Procedures

Four series of tests were conducted. 1In the first test
about 600 rainbow tfout 10 to 13 cm long were placed in each
of two 700 1. circular tanks containing 9° C flowing municipal
-water. Chemical characteristics of the water are described
‘elsewhere (Zmend, et al, 1960). The fish were acclimated for
 two weeks, then all fish in one tank were anesthetized with
50 ppm Benzocain and injeéted intraperitoneally (ip) with
0.1 ml of IHN virus preparation containing 106'4TCID50/ml
grown in fathead minnow cells. The fish in the other tank
were hahdled similarily except they received only 0.1l ml ip
of cell cultute medium. Fish to be sampled were randomly
selected 24 hours after inoculation and sampling continued
‘at 24 hour intervals for nine days. The fish were not fed
during the experiment. At each saﬁpling period, 40 fish were
anesthetized, the caudal pedunclevsevered, and blood collected
in heparinized capillary tubes. Precautions were taken to
prevent hemolysis. From 10 fish, a red blood cell count (RBC),
packéd cell volume (PCV), hemoglobin (Hb), and blood smear were
taken. A capillary tube of blood from each of these 10 fish
was plugged for plasma bicarbonate analysis. All capillary
tubes were centrifuged at 1000 xg for 10 min., then the plasma
from the 30 unplugged tubes were pooled into 3 10-fish groups
and frozen at -20° C for other biochemical analyses.

In the second test, 14 rainboﬁ.trout (20-28 cm) were
.placed in each of four 75 L troughs. Two of the four troughs

received 10° C flowing water and the other two troughs received



34

v18° C water. The fish in one trough at eéch temperature were
injected‘withlo.l ml ip.of IHN virus preparation (106'6TCID50/ml)
and the other fish received 0.1 ml ip of cell culture ﬁedia.
This gave an infected and cdntrol group at each temperature.
After six days all fisﬁ were .anesthetized and the bloocd from
each fish was collected in heparinized capillary tubes and
sealed. Plasma pH, bicarbonate, chloride, and LDH were determined
on each fish. |
In the third test, the plasma LDH isozyme patterns were
compared from rainbow trout (8-9 cm) infected with Vibrio
anguillarum, Aeromonas salmonicida, and redmouth (RM) bacterium
(Hagerman strain). Ten fish were injected ip with 0.1 m1'of
a standardized bacterial suspension for each pathogen and held
at 15° C.  The bacteria were grown oh trypticase soy agar
(plus 1% NacCl for Vibrio) 24 hr. at 20° C, then harvested and —
washed (1X) with saline, and adjusted to 40% transmittance at
625 mpy. Ten control fish were injected with saline. Blood
was collected as described above when signs of disease were
evident within 24-72 hours post injection. The 10 control
fish were bled 72 hours after injection. Plasma was also
obtained from moribund 6-7 cm brook trout (Salvelinus
fontinalis) naturally infected with Infectious Pancreatic
Necrosis (IPN) virus. Plasma from IHN infected rainbow trout
from a previous test was used for comparison.
The fourth test was to determine if rainbow trout formed
gntibodies to IHN virus and to determine if these antibodies
would confer protection from the disease by passive immunization.

Five adult rainbow trout (about 500 g each) were actively imm-
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unizea by injectihg intravenously 1 mi of celi culture growh
(fainbow trout embryonic) IHN virus (106'5TICD50/m1). AFive
control fish received 1 ml of cell culture media from non-
infected cells. All fish were held in flowing 8° C water for
5 days, then the temperature raised to 17° ¢ for 21 days. The |
fish were given a second injection the same as before at 8° C,
and the temperature was again raised to 17° c after 5 days. The
témperature remained at 17° C for the remainder of the test.
Each fish was fin-clipped for identification. Serum samples
were taken 0, 26, 54, and 90.days after the first injection,
next complement inactivated at 45° ¢ for 30 min., and then
tested for neutralization against IHN virus.

The rationale for the above procedure is that animals respond
to live viruses better than tb killed viruses (Fenner and White,
1970). Rainbow trout are readily infected at 8° C, but the
disease does not develop at 17° ¢ (Amend, 1970). By injecting
the fish at a low temperature, a viremia is established, but the
infection stops before death occurs. Furthermore, the immune
response is faster at 17° C. This procedure optimizes the
antigen dose and the antibody response.

To test if the virus neutralizing ability of the serum
would confer protection against the disease, the serum from 3
immunized fish was pooled. Fifteen rainbow trout fingerlings
(5-6 cm) were then passively immunized by injecting 0.1 ml ip
of undiluted immune serum, and the same number of control fish
were injected with non-immune serum. Additional controls con-
sisted of nonchallenged and IHN-challenged fish which received

no serum. All fish, except the non-challenged controls, were
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1n3ected subcutaneously anterior to the mid-dorsal line with
0.01 ml of IHN v1rus preparation (106 6TCIDSO/ml) All tests
were duplicated and_mortalltles counted for 20 days. |

Biochemical Test

The‘Hb, RBC, PCV, plasma bicarbonate ahd pH were determiﬁed
-immediately on fresh blood. Blood smears were prepared, fixed
in methanol, and stained by the Lieshman-Giemsa method as
'described by Klontz and Smith (1971) and the cells.classified
as described by Klontz (1972). Plasma chlo:ides, calcium,
phosphorus, protein, and LDH were determined on frozen samples.
_Méthods of énalyses were as follows: chloride and protein
(Wedemeyer and Chattérionh 1970); Hb, PVC, bicarbonate, and pH
(Wedemeyer and Chatterton, 1971). Calcium was determined by
titration, phosphorus by the Molybdate Method, and RBC with a
COulte; counter. Horizontal starch gel electrophoresis was
used for LDH analysis and the isozymes identified according to
Utter and Hodgins (1972). The pCOé and H2C03 concentrations
were determined mathematically ﬁsing the Henderson-Hasselbalch
'equation for blood carbonate.

Virological Tests

A permanent cell line of fathead minnow (FHM) and an
established cell line of rainbow trout embryonic (RTE) cells
were used. In all cases Eagle's minimal essential medium
(Earl's salts) containing 10% agamma newborn calf serum, 100 iu
per ml penicillin G, and 100 ug per ml of streptomycin was used.
IHN virus was from a laboratory stoék (1274) originally isolated
.from rainbow trout and was injected into fish to test for

virulence. The reisolated virus was specifically neutralized by
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anti-IHN serum. Viral preparations were grown at 15° C until

all cells showed cytopathic effects, 4 to 6 days after ichulation.
All preparations were centrifuged at 1000 xg for 10 min. to
sediment cellular debris. The method of Reed and Meunch was

used to determine viral titers and all titrations were performed
in microtiter plates. Serum for neutralization tests was pre-
absorbed with cells and media prior to conducting the test.
Two-fold dilutions of serum against a constant 50-100 TCIDg,

of IHN virus was used in the neutralization tests.
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RESULTS

Hematological and Biochemical Changes

In a preliminary test to determine the susceptibility of
the test fish to the disease, only 42% 6f the fish died, with
maximal mortality occuring 9 days after injection. Consequently,
during subsequent tests I only expected between 40 and 60%
mortality. In the first experiment, signs of the disease were
noted (fecal casts) 4 days after injection and the first mortality
occurred on the sixth day. Mortalities increased considerably
on the eighth day. Because I was interested only in the early
changes associated with the aisease, the experiment was terminated
on the ninth day.

Samples of control and infected fish were taken daily.
Consequently, at the termination of the experiment, there were
about 90 individual analyses on fresh blood, and 27 pooled
samples representing 270 fish on the frozen samples from both
test groups. The data were then tested by analysis of variance.
Because no significant differences (P<.05) were found within the
control values for each analytical test, the composité 9 day
mean and standard deviation were determined and used as re-
presentative of the population. These values were: RBC(XlOG/ml)=

1.300 ¥ 0.158, PCV (%) = 46 ¥ 5, Hb (g/100ml) = 9.2 % 0.8,

*

calcium (mg/100 ml) = 10.1 0.4, phosphorus (mg/100 ml) =

13.3 : 0.6, protein 5.6 ¥ 0.3, bicarbonate (mEq/L) = 10.2 t 2.5,
and chloride (mEg/L) = 120 t 7. The t-test was then used to
analyze daily means of the infected fish. To illustrate these
changes more consicely, the % change from control values was

calculated and are shown in Figures 1 and 2.

Significant reduction in PCV, Hb, RBC, and bicarbonate
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4]
occurred on the fourth or f£ifth day which was at least 24 hours
prior to the first mortality (Figure 1). The changes were most 
evident by the severe depletion of the serum bicarbonate. How-
ever, there was no significant differences in the daily change
in plasma chloride, phosphorus, calcium, or total protein (Figure
2). Furthermore, there was no significant change in the %
immature RBC, % total leukocytes, % monocytes, % lymphocytes,
or % neutrophils (Table 1). The B2; plasma LDH isozyme was
increased on the fourth day and remained elevated (Figure 3).

It was apparent that some physiological changes could be
detected prior to the onset of mortalities, and serum bicar-
bonate and LDH levels were most obviously affected. keduction
in serum bicarbonate suggests alteration in the acid-base
regulation. A test was then conducted to determine if acid-base
and LDH changes occur at both 10° C and 18° Cc. At 10° C the
plasma bicarbonate was not significantly changed, but significant

reduction (P<.05) of pCO., and an increase in plasma pH and

2
HCO§/H2CO3 ratio had occurred (Table 2). At 18° C there was
no significant change between control and infected fish. The
acid-base alteration was again confirmed, but occurred only at
the lower temperature.

The results of the LDH tests were similar; increase in

2& LDH isozyme was present in 10 of 13 infected fish at

the B
10° C, but no change occurred in an equal number of fish at
18° C or in any of the control fish. Plasma LDH isozyme
patterns were then compared on morisund fish infected with
A. salmonicida, V. anguillarum, RM bacterium, and IPN virus

)
to determine if the B24 LDH change was specific for IHN.
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. SECTION II

Test 1: Hematological comparison of blood smears from unin-
fected controls and from rainbow trout infected with
IHN virus.

Control IHN infected
Cell Type Number Mean t SE Number Mean t s Statistic2
Immature RBC
Day 1 10 9.2 ¥ 0.9 10 g.2 ¥ 1.0 NS
Day 5 10 7.0 T 1.0 | 10 8.0 £ 0.7 NS
pay 9 10 6.9 £ 0.9 10 10.3 ¥ 1.9 NS
Leukocytes
{(Total) +
Day 1 10 0.9 T 0.2 10 1.5 £ 0.3 NS
pay 5 10 2.0 £ 0.3 | 10 1.9 £ 0.6 NS
Day 9 10 1.9 ¥ 0.3 10 3.4 ¥ 2.3 NS
Monocytes + +
Day 1 10 3.3 < 0.8 10 2.3 1.0 NS
Day 5 10 a.8 1.0 | 10 4.0 1.3 NS
pay 9 10 5.8 = 1.8 | 10 6.2 ¥ 1.6 NS
Lymphocytes + +
Day 1 10 91.2 ¥ 1.6 | 10 89.8 ¥ 3.0 NS
+ .
Day 5 10 93.0 - 1.0 | 10 92.8 ¥ 2.2 NS
Day 9 10 88.4 ¥ 3.2 | 10 91.8 ¥ 2.9 | s
Neutrophils +
Day 1 10 5.6 £ 1.6 10 7.9 ¥ 2.6 NS
Day 5 10 2.2 ¥ 0.8 | 10 3.2 511 NS
Day 9 10 5.8 £1.7 | 10 2.0 = 1.6 NS

1, Immature RBC and leukocytes are percentages
Monocytes, lymphocytes, and
neutrophils are differential percentages of about 100 leuko-
cytes counted.

counted, including mature RBC.

2. NS = not significant (P<.05)

of about 500 cells
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Table 2:
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SECTTON IT

Comparison of acid-base balance between uninfected control and
IHN infected rainbow trout at two water temperatures.

2.

3.

Control Infected
Clinical Test’ . + Statistical
Number Mean - SE Number Mean - SE Significance
(o]
at 10 C
pH3 11 7.508 £0.030 | 13 7.599 = 0.038 *
HCO3 (mBq/L) 3 1l.k Zo.3 i 11.0 ¥ o.5 NS
+
pCO, (mmHg) 10 15.87 £ 0.81 12 12.69 - 1.38 *
E,CO3 (uBq/L) [10  0.L76 to0.024 | 12 0.381 Z0.0L *
- +
3003/32003 10 25.31 = 1.8 12 30.9 - 2.0 *
+ +
Total CO,(mEq/Ljl0  12.18 - 0.33 12 11.40 - 0.58 NS
at 18° ¢
o 6 7.5L T 0.013 | 1 T7.485 X 0.023 NS
BCOy (mBa/L) |6 1.7 tos 1, 11.2%o0.5 NS
+
pC0, (muHg) 6  17.30 = 0.94 1,  15.58 - 0.8 NS
+
H200 (mEq/L) 6 0.519 % 0.028 | 1,  0.468 - 0.025 NS
: +
HCO3/H,C05 6 22.7 0.7 1 - 2h.7 - 1.3 NS
Total COo 6 12.22 % 0.53 1,  11.71 ¥ o.56 NS
1. pCO , H,CO,, HCO /H CO and total CO, are calculated values and were
clerzo.vedaby'3 the form HCS which is valid only at 38 C.
pH=6.l Log -035C0,

These data, except for pH, are not temperature corrected and are not to
be taken as normal values, but are included for comparative purposes
because all data and fish were handled similarily.

*=P<0.05, NS=not significant

+
the mean hydrogen ion concentration (5 ) expressed as pH
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In all cases the disease was confirmed by reisolation of the

-

agent, and with IPN, histological examination, and serum

neutralization confirmation were also performed. The number of

]
samples showing increased LDH on the 324 isozyme was as follows:

IPN - 0/10, RM - 0/5, A. salmenicida - 1/7, V. anguillarum - 1/7.
1

2

The one fish with elevated B 4 LDH in A. salmonicida and V.

anguillarum also showed an increase in the slower migrating

]
isozymes. With IHN, only the B24 isozyme was elevated. There-
fore, of the 5 diseases compared, only IHN could be distinguished

by the LDH isozyme pattern.

Aspects of Immunology

Adult rainbow trout were injected with a live virus pre-
paration and fhe temperature manipulated to prevent disease.
Sera were then tested for viral neutralization. All sera,
including those from control fish were toxic to cell cultures
at a dilution of 1:20 or less; therefore, the lowest dilution
recorded was 1:40. DPrebleeding prior to injection of virus
showed no detectable anti-IHN activity (Table 3). ©No antiviral
activity was detected 26 days after injection, but 4 of 5 fish
had significant IHN neutralizing antibody by day 54. The
results were only slightly changed on day 90. These sera
neutralized the IHN virus, but showed no activity against
IPN virus. Furthermore, absorption of the sera with lOSTCID50
IHN virus completely removed the antiviral’activity.

The above data show that rainbow trout can be immunized
against IHN virus, and in other teéfs, trout which survived a
natural epizootic showed anti-IHN neutralization (unpublished

data). To demonstrate whether the antibody was protective, the
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SECTION II

Serum neutralization titer of rainbow trout'

Table 3:
o immunized against IHN virus. Sera were tested
against 50 to 100 TCID50 IHN virus.
. Reciprocal of.iOO% neutralization titer
Days
Fish 0 26 54 90
1 <40 <40 >320 >160
2 <40 - <40 160 <80
3 <40 <40 < 40 - <40
4 <40 <40 ‘not tested 1280
5 <40 <40 | 160 ‘ 320
Cohtrols <40 ——- - <40

e £ v
(@) .L...Su)
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sera of 3 fish were pooled (average 50% neutralizing titer<1:320),
injected into fingerling rainktow trout, and then the fish were
challenged with virulent virus. None of the'passively immunized
fish died, but an average 55% of the fish receiving control

serum died. (Table 4). These data show that the antibody formed

by rainbow trout against IHN disease are protective antibodies.



- 48

SECTION II

Table 4: Passive immunization of fingerling rainbow trout
by ip injection of undiluted sera from adult rainbow
trout actively immunized with IHN virus. Fingerlings
were challenged by subcutaneous injection of ‘
106.67CID.~/ml of IHN virus at 10° C and mortalities
50
counted for 20 days. _
Control Control Antiserum Serum |
(no Virus) (virus) " Control
A B A B A B A B
No. dead 0 0 13 6 0 0 9 7
No. alive 15 15 1 9 12 12 5 8
Total 15 15 14 15 12 12 14 15
% dead 0 0 93 490 0 0 64 47
Combined 0/30 19/29 0/24 16/29
% Ave. 0 66 0 55
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DISCUSSION

Anemia is a characteristic sign of IHN disease during natural
epizootics (Amend, et al, 1969), but severe anemia may or may
not occur during experimental infections or during acute natural
epizootics. Anemia, though helpful as a diagnostic aid, is not
a specific sign of any disease. There are numerous diseases and
conditions that can cause anemia in fish. Many anemic copditions
in fish.have nof been characterized, but Amend (1973) described
IHN disease as a normocytic aplastic anemia. In this paper.I
showed that the changes in blood occurred early in the infection.
Although fhére were significant reductions in mean blood values,
they were still in the normal range and compatible with survival
(Wedemeyer and Nelson, 1973; McCarthy, et al, 1973).

Plasma calcium, phosphorus, chloride, and total protein
remained unchanged, and there was no detectable change in the
abundance of immature RBC, total leukocytes, macrophagés,
lymphocyte, or neutrophils. Amend (1973) showed that fish
terminally infected with IHN disease showed a significant de-
pression of plasma electrolytes and a reduction of neﬁtrophils.
In this test random samples were selected from a population
which only 50% of the fish were estimated to have contracted
a fatal infection. Consequently, the data would not reflect
the severe changes one would expect to find in moribund fish.
More severe changes may have been present in’these tests, but
were inapparent either because of the method of selecting fish
or because the clinical changes had not developed to the extent
previously observed. This would also explain the greater var-

iation in the data.
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]
Alteration in plasma B24 LDH isozyme concentrations and in

acid-base balance are two changes which appear early in the in-
fection and are consistantly associated with the disease. The
degree of base deficit or pH change would depend largely on the
ébility of the fish to compensate for acid-base changes. 1In
terminally infected fish there were severe depletions in alkali
reserve and an increase in blood pH (Amend, 1973). 1In this paper,
alkali depletion was suggested in the first test, but an uncompen-
sated alkalosis was indicated in the second test. Although
bicarbonate was not significantly changed in the second test,
elevated pH and elevation of the bicarbonate/carbonate ratio
indicates a loss of acid (pCOz). The specificity of the acid-
base imbalance due to IHN disease is not known because I am
unaware of any similar analyses with other fish diseases.

The specificity of the Bzé LDH isozyme concentration changes
is also not known, but it appears that similar changes do not
occur with IPN, A. salmonieida, V. anguillarum, or RM disease.
However, Wroblewski (1957) points out that several conditions
are capable of causing an increase in serum LDH in mammals, and
may not be specific. Furthermore, Utter and Hodgins (1972)
showed that genetic variability of the Bzé isozyme occurs in
the serum of rainbow trout. It is not known what change might
occur in fish without this isozyme.

Amend (1970) showed that elevating the water temperature
on IHN infected sockeye salmon from 10° C to 18° C prevented
the disease. Preliminary tests also“showed that the disease

would also not develop in rainbow trout at 18° C (unpublished

data). However, it was not known in either case if the fish
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were not infected or they only expérienced a subclinical infection
which did not result in death. The data presented here indicates
that the infection was terminated at the higher temperatures.
There was no change in acid-base balance or increase in B ;
LDH levels which was characteristic early in the infection at
lower temperatures. DeKinklin and Dorson (1973) demonstrated
the presence of an interferon at 18° ¢ in rainbow trout.infected
with viral hemorhagic septicema (VHS) but only weakly at lower
temperatures. Whether this or some other physiological explahation
is responsible for the temperéture effect is not known for IHN
disease.

The immune response of fish té viral infections is just
beginning to be understood. Klontz (1965) suggested that
certain protein changes in the serum macroglobins may be of
immunolégical significance in sockeye salmon following infection
with IHN virus. Wolf (1969) showed that rainbow trout which
were injected with IPN virus developed IPN neutralizing antibodies.
Dorson (1972) also showed that rainbow trout were capable of
responding immunologically to bacteriophages. However, J¢rgensen
(1971) was not able to demonstrate antibody in rainbow trout
naturally infected with VHS virus, but was able to demonstrate
neutralizing antibodies in artifically infected fish only after
18 mos. post injection. IHN resembles VHS in many ways, but in
this test rainbow trout responded very well to IHN virus.
Perhaps it was the virulent virus and temperature minipulation
tha£ optimized the immunological response.

Passive immunization is one way of demonstrating the relative

importance of cellular immunity and humoral antibody in conferring
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protection from disease. The cellular immune response in
mammals is'sometimes important in combating initial viral in-
fections and may even be responsible for some of the signs of
the disease (Fenner and White, 1970). However, humoral anti-
body is most important for preventing second attacks from the
same disease. The results presented here demonstrate that
humoral anti-IHN antibody in rainbow trout can prevent fatal
infection of IHN disease.

The ability to control viral infections in fish must depend
on a thorough understanding of the disease. Knowing what physiol-
ogical changes occur can help us to choose what environmental,
diet, or gas regulation we should try to help alleviate the
disease. Chemotherapeutics are useless to combat viral infections;
therefore, we must rely on en&ironmental control, immunization,
or eradication of the agent. Eradication is not always practical.
Environmental control is being practiced and as diseases become
better understood, may become more widely practiced. Results
presented here suggest that salt and acid-base regulations
may influence the course of IHN disease. Immunization is the
most widely utilized method of protection from viral diseases
in mammalian medicine. In fact, almost all major breakthroughs
in controlling viral diseases has been through the development
of effective vaccines. This goal may be attainable with the
fish viruses when we obtain a better understanding of the
immune mechanisms of fish, the antigenic makeup of the viruses,

and the diseases they cause.
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"APPENDIX A

A REVIEW OF LITERATRUE

History of IHN Virus

A suspécted virél disease of juvenile sockeye salmon
(Oncorhynéhus nerka) was first reported by Rucker, et al (1953)
in several Columbia River salmon hatcheries in the state of
Washington. A filterable agent was demonstrated, but the virus
‘Was not isolated (Watson, et al, 1954). A similar disease of
sockeye salmon occurred inloregon in the late 1950's, but in
this case, infected fish were preserved (ultrafrozen). The
yirus wa§ subsequently isolated when cell dulture techniques
for fisﬁ tissue becamé available (Wingfield, et al, 1969).
Because the virus from the Washington ha;cheries was not avail-
able for comparison, the two outbreaks were sometiﬁes referred
to as two diseases. Parisot, et al (1965) referred to the
Washington cases as the Columbia River Sockeye Disease and the
Oregon case as the Oregon Sockeye Disease. A virus which causes
disease in soékeye salmon simiiér to that originally reported
(Rucker, et al, 1953; Guenther, et al, 1958) is still pre-
valent in sockeye salmon in Washington (Amend and Wood, 1972).

A virus-like disease of chinook salmon (0. thsawytscha)
in the Sacramento River, California was described by Ross,
et al, (1959) and Parisot (1962). Although this disease re-
sembled the sockeye disease (Yasutake, et al; 1965), differences
in species specificity distinguished the sockeye virus from
the chinook virus (Parisot, et al, 1565). The chinook disease
became known as the Sacramento River Chinook Disease. Later

studies showed that there was also no difference in physical
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and biochemical characteristics between the sockeye and chinook
virus isolates (Wingfield, et al, 1969; Wingfield and Chan, 1970;
Amend and Chambers, 1970).

In 1967 a viral disease of rainbow trout (Salmo gairdneri)
was described (Amend, etAal, 1969). The trout were dying in a
locality where severe losses of sockeye salmon were also occur-
ring. . In subsequent studies, the rainbow trout virus isoclate
was compared to the sockeye virus (Oregon strain) and to the
chinook virus (California strain) and no difference was found
between the 3 isolates in mofphological; biochemical, or physical
characteristics (Amend and Chambers, 1970; Darlington, et al,
1972). A serological comparison by McCain, et al, (1971) showed
that all 3 isolates were closely related, if not identical.

It is now generally agreed that all 3 diseases are probably
caused'by the same virus or a group of closely related viruses
(Amend, et al, 1972; Wolf, 1972). There still is some degree of
species specificity which can be demonstrated, but cross trans-
mission has been.experimentally shown (Parisot, et al, 1965;
Amend, et al, 196%). 1In all 3 species, the hematopecietic tissues
of the kidney and spleen are the first and most severly affected
tissues in both natural and experimental infections (Yasutake,
et al, 1965; Yasutake and Amend, 1972). Therefore, the des-
criptive name Infectious Hematopoietic Necrosis (IHN) was intro-
duced (Amend, et al, 1969) and is now referred to all 3 diseases.

The epizootiology of the disease has been recently reviewed
(Aﬁend, et al, 1972). The virus has the properties and morphology
of rhabdoviruses (Amend and Chambers, 1970; Darlington, et al,

1972). Virions are about 90 mp wide by 160 mp long and contain
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an axial‘pore about 20 mp in diameter. Substructural units have
been described. The virus contains a RNA nucliocapsid and is
sensitive to chloroform or ether. ‘It is readily inactivated by
heat (50° C for 30 min) and low pH.

The disease is characterized by severe loss of fish at
water temperature between 8 and 12° C. Signs of the disease
typically include exophthalmos, anemia, fecal casts, lethargy,
and petechial hemorrhaging about fins, adipose tissue, and
visceral mesentaries (Amend, et al, 1969; Rucker, et al, 1953;
Ross, et al, 1959). Histopathologic lesions first occur in the
hematopoiétic tissues of the anterior kidney and spleen, and
extensive necrosis occurs in these tissues and in the lymphbid
tissues of the gut at the time of death (Yasutake and Amend,
1972). 1In terminal cases, focal necrosis is also seen in the
liver and pancreatic tissues.

IHN is a disease of the young and the severity of disease
decreases with age. Survivors of epizootics became asymptomatic
carriers and shed virus in sex products during spawning. Thé
disease can be transmitted both vertically, via contahinated
ova, aﬁd horizontally. Vertical transmission can possibly be
prevented by disinfecting eggs prior to hatching and horizontal
transmission can be prevented by rearing fish at water temperatures
above 14° C (Amend, et al, 1972; Amend, 1970). |

The virus replicates and causes a distinctive cytopathic
effect (CPE) on several fish cell lines (Nims, et al, 1970;
'Amend, et al, 1969; and Wingfield, ét al, 1969). The optimum
temperature for replication in cell culture is between 12 and

15° ¢, but the virus replicates and causes CPE between 4 and
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189 C. CPE is characterized by margination of ﬁﬁclear chromatin

givihg the'appearance of a thickened nuclear membrane. The cells

eventually round-up into grape-like clusters and form distinctive

plaques which are of diagnostic value (Wolf and Quinby, 1973).
IHN‘is prevelent along the Pacific Coast and ig a concerh

to all conservafion agencies. Because Pacific Coast salmon

and trout eggs and fry are beingldistributed around the world,

"the threat of spreading the agent is increasing. In fact,

epizootics have now been recorded throughoﬁt the United States

and in Japan from the shipment of fish from the Pacific Coést

(Amend,.et al, 1972; Kimura, personal communication). There

is a wérld wide need for a better understanding of this disease.

Biochemical Changes in Animals due to Viral Infections

Viruses in general are not susceptible to chemotherapeutics;
therefore, little can be done to treat viral diseases except to
4help'alleviate the signs and symptoms of the host, and provide
optimal physiological conditions for the host to combat the
infection. ~This requires an understanding of what the physio-
logic effect the virus has on the host and what can be done to
countéract these changes. In general, the apprdaéh in mamalian
medicine has been to determine which tissues or organs are
affected, then to prescribe a treatment regimen to replace or
help alleviate the complications of the damaged tissue or organ.
For example, in respiratory infections respirometers and de-
congestapts are used to keep the respiratory tract open and
functioning properly. Fluids and eiéctrolytes are administered
with acute intestinal infections when excessive diarrhea occurs.

Bicarbonate or gas mixtures are used when acid-base imbalances
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occur, drugs and ice baths are used to reduce high body temper—
atures, salt intake and diets are regulaied with kidney failure,
and many other examples (Sodeman and Sodeman, 1967; Ruch‘and
Fulton, 1960).

It is beyond the scope of this review to examine the
physiologic effect of all viral infections, but some general-
ities can be made. The type of physioldgic alteration depends
largely upon the invasive properties of the virus. The more
invasive the infection, the more pronounced is the physiologic
effect. Also, the viral infections of ﬁhe alimentary tract and
respiratory tract generally cause greater changes than skin
infections (Fenner and White, 1971). The spread of virus through-
out the host can occur via the blood, lymphatics, or the central
nervous system. Once the target organ is infected and dysfunction
occurs, the physiologic effect can be detected; however, changes
may also occur while the virus is multiplying in various tissue
before reaching the target organ. Sometimes, diagnosis of the
infection can be accomplished, and the course of disease can
be followed by determining the physiological status of the
affected tissues. Cytocidal viruses, which cause necrosis of
the affected tissue, can also cause elevation of centain'enzymes
(Mahy, et al, 1964). The type of enzyme appearing in serum
depends on the tissue being affected.

In the late 1950's and early 1960's attempts were made
'to demonstrate specific enzyme changes in animals infected
with oncogenic viruses (Notkins, 1965). }rom these inves-
tigations the lactic dehydrogenase (LDH) virus of mice was

discovered. Though once believed to have been associated with
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néoplastic tissue, it was found that tﬁe virus was a contaminant
of one of the oncogenic viruses (Notkins, 1965). Tests eventually
showedvthat the virus was inhibiting the normal clearance of

LDH via the lymphatics and thus the enzyme accumulated. The LDH
-increase was not due tobany pathologic lesion. In many previous
studies, eievated LDH was believed to be due to tissue damage,
causing release of abnormal levels of enzyme into the inter-
‘céllular space. Although elevated LDH can be caused by tissue
damage, it can be caused by many factors .including to;ic
chemicals.as well as infectious agents (Wroblewski, 1957).

At present, the physiological status of animals infected
with virus can be determiﬁed by following the biochemical and
'physiological changes which occur. Blood cellular and chemical
changes are used both as a diagnostic tool, and to determine
fhe prognosis for recovery. o

Normal Blood Chemistry of Fish

The value of using changes in blood chemistry to aid in
diagnosingifish diseases has been recognized by many investigators.
However, realization of this value has been slow in developing
because many variables, such as different diets, water temp-
eratures, water conditions, stresses, strains of fish, etc.,
can effect "normal" values. In recent years, the approach has
been to establish normal rangeé based on a statistical approach
which would include the influences from these variables (Wedemeyer
and Chatterton, 1970; McCarthy, et al, 1973). Consequently,

.the normal ranges are wide in comparison to mammalian normal
values. Therefore, biological significance of any change must

be standardized to each situation. Normal ranges, however,
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do have a value for comparative purposes, and may even have
significant clinical value when abnormal situations are more
thoroughly understood. Table 1 compares the normal ranges
lfor rainbow trout of Wedemeyer and Chatterton (1970) and
‘McCarthy, et al (1973) to the values obtained during the ex-
perimentation of this dissertation. The values for the control
fish‘compare favorably to those already reported for rainbow
trout and the values for fish infected with IHN are included

for comparison.
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APPENDIX A

Table Al: Comparison of ranges of normal rainbow trout blood
chemistry to mean values reported in this dissertation.

Parameter

-Protein (g/100 ml)
Chloride (mEq/L)
Bicafbonate_(mEq/L)
.PH |

Caicium (mg/100 ml)
Glucose (mg/loo ml)
Bilirubin (mg/100 ml)
Phosphorﬁs (mg/lod ml)
.Ogmolality (mOsm)

RBC (10%/m1)

Hb (g/100 ml)

"PCV (%)

MCV (cu)

MCH (uug)

MCHC (%)

Lymphocytes (%)

Granulocytes (%)

Wedem@yer2 McCarthx3.
2.0-6.0 4.0-6.6
84-132 m—mm—e-
8.9-15.9 = —====—-
7.50-7.83  =—=-=--
6.7-10.6 —=—m——m
41-151 71-207
0.4-1.7 ===—mmm
8.4-12.7  =——mmmmm
288-339  ~—-=—--
——————— 0.77-1.58
5.4-9.3 5.6-10.3
23.9-42.7  32-48
——————e 274-513
------- 54-98
——————— 12.7-25.3
——————— 89-98
------- 1.0-9.0

Amend4
Control IHN'
5.6 5.5
119 107
10.5 5.8
7.51 7.60
10.8 8.1
81 136
2.1 1.2
15.4  12.1
315 277
1.33 .97
9.4 7.1
47 35
359 347
72 74
20.1 19.6
91 96
4.0 0.7

B W N

Ranges are reported at the 95% confidence interval.
Wedemeyer and Chatterton, 1970; Wedemeyer and Nelson, 1973
McCarthy, et al, 1973

mean values reported in this dissertation
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Biochemical Changes in Fish Due to Infectious Diseases

Anemia is a common sign of many viral infections of fish
but the anemia has not been characterized for any of them. IPN,
Viral Hemorrhagic Septicemia (VHS), channel catfish virus (CCV),
and spring viremia of carp (Rhabdovirus earpio) all multiply in.
and can cause necrosis of the hematopoietic tissues (Wolf, 1972;
Fijan, 1972). Depressed Hb and PCV are reported, but there have
been no differential comparisons of the cellular components of
the blood or hemopoietic tissues. To my knowledge, there have
been no pathophysiological tests reported for any of the fish
viral diseases.

There have been several reports on the physiological com-
parisons of diseased and non-diseased fish infected with bacterial
pathogens. Aeromonas salmoniecida is perhaps the most thoroughly
studied fish pathogen, but only a limited amount of data exists
regarding the pathophysiology of the disease (furunculosis).
Field, et al (1944) reported the first study describing the
biochemical changes with carp (Cyprinis earpio) infected with the
furunculosis. They concluded that no significant changes occurred
in the RBC, Hb, albumin, or total plasma protein, but a large
reduction in blood glucose and increase in non-protein nitrogen
was found. In contrast to these results, Amlacher (1970)
reported a significant decrease in serum proteins, especially
albumin. Klontz, et al, (1966) working with rainbow trout in-
fected with furunculosis, also reported no changes in PCV, RBC,
or Hb levels, but described a severe leukopenia. The hemato-
poietic tissues consistantly showed degenerative changes. Foda

(1973), however, described greatly depressed PCV and Hb levels in
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Atlantic salmon (Salmo salar) infected with furunculosis, but these
fish showed signs of extensive internal and external hemorrhaging
which would account for these unusual symptoms.

Corynebacterial kidney disease is prevalent in many species
of salmonids. Although many organs can be infected, the kidney
is the primary target organ. Anemia is characteristic of this
disease, and lesions are commonly found in the hematopoietic
tissues (Bullock, 1971; Hunn, 1964; Wedemeyer and Ross, 1973).
Wedemeyer and Ross (1973) compared the pathophysiology of coho
salmon (Oncorhynchus kisuteh) with kidney disease, but maintained
on different diets. Not only did they find differences between
£ish on different diets, but showed that plasma chloride,
interrenal ascorbate, liﬁer glycogen, and blood glucose were
depleted in infected fishT Furthermore, blood pH and blood
urea nitrogen was significantly elevated. Hunn (1964) further
showed that the blood albumin levels were greatly depressed.

Bell (1968) also showed that the plasma glutamic-oxalacetic
transaminase (GOT) were elevated in diseased sockeye salmon,

and concluded that measurement of GOT levels might be of diagnostic
value.

The physiological changes occurring as avresult of other fish
diseases are just beginning to appear in the literature. The
hematological changes in chinook salmon (0. tshawytscha) infected
with Vibrio anguillarum have been characterized as a microcytic,
normochromic anemia (Cardwell and Smith, 1971). Specific serum
protein changes occurred in Atlantic salmon infected with ulcerative
. dermal necrosis (UDN) that may be of diagnostic value (Mulcahy,

1969). Recent reviews by Bullock (1971) and Amlacher (1970),
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.end a bibliography'of fish hematology (Hawkins‘and Mawdesley-
Thbmes, 1972) described the current knowledge regarding the
phys1olog1cal changes associated with fish pathogens.

Immunization Against Viral Diseases in Mammals and Fish

Immunization is the most widely practiced method of pre?
Qenting viral diseases. Pasteur prepared one of the first viral
vaccine by using a.killed rabies Vaccine from the spinal cord
- of ‘infected rabbits. Live, low virulent or avirulent vaccines
have also been used for mahy years. For example, the vaccinia
virus confers protection from small pox. Small pox was at one
time the mos£ dreaded virus disease in the world, but through
vacCination it is now'eradicated from most developed countries.
,AHowever, it wae not until routine methods of cultivating'viruses
. were available that most viral vaccines were develeped. 'ihe
polio, mumps, rubella, and other viral vaccines were developed
‘only after cell culture technique became available (Fenner
and White, 1970).

The effectiveness of viral.vaccines depends largely on
the antigenic stability of the virus and the site(s) of entry
and replication. Influenza, for example, confers a stable
immunity, but antigenic variants continue to appear which are
not controlled by vaccines prepared from earlier isolates.
Rhinoviruses infect cells only in the upper respiratory tract,
and the rubella virus enters via the respiratory tract, but
multiplies in various transitory cells (leukocytes) only to
produce disease symptoms at some other site. Only secretory
entibody (IgA) would be effective in the former example, but

hummoral antibody confers protectien in the latter example
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(Fenner, 1968).

Vaccines Qith live, avirulent virus usually produce a more
_permanent immunity than killed-virus vaccines because they can
be given by the natural route and produce local as well as
humoral antibody. Killed virus vaccines primarily produce
humoral antibody and require frequent booster injections.
The Sabin live virus polio vaccine, for example, confers in-
testinal secretory and humoral antibody response which protects
from the intestinal infection as well as from poliomyelitis.
The Salk, killed-virus polio - vaccine, however, only protects
against poliomyelitis and vaccinated people can still experience
an intestinal infection which could be a risk to unvaccinated
individuals. The disadvantage of live virus vaccines is that the
avirulent virus may mutate back to a virulent form or that con-
taminating virus may be inadvertently included in the vaccine
(Fenner and White, 1970).

Elasmobranchs and marine teleosts respond immunologically
to mammalian viruses (Sigel, 1967), but Wolf (1963) was the first
to demonstrate that trout responded immunologically to a viral
agent from fish. He showed that rainbow trout naturally infected
with IPN virus would develop neutralizing antibodies following
infection. Wolf and Quimby (1969) further showed that rainbow
trout would develop high IPN neutralizing titers when injected
with virulent IPN virus. Dorson (1972) while studying the
immune response in rainbow trout used a bacteriophage (FHg)
as an antigen. Neutralizing antiboaies were formed and the
antibody was purified and describea. Jdrgensen (1971) also showed

that rainbow trout formed neutralizing antibodies to injected
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VHS virus, but was not able to demonstrate entibody following
natural infection with the virus. The response was slow, for
it took 18 mos. to detect neutralizing antibodies, and fhe titers.
‘were at a very low level. Low water temperature was used to
explain the poor response in the fish immunized against VHS.
These reviews clearly show that rainbow trout are capable
of responding immunologically to viruses. Therefore, it would
be reasonable to suspect that IHN virus would stimulate an anti-
body response. However, the only reported reeults of fish tested
for antibody following infection with IHN virus were negative
(Klontz, et al, 1965). There was, however, an alteration in
the macroglobulins that was suggested to be of immunological
importance. IHN is more closely related to VHS than any of the
other viruses. It would appear from the above reports that these
viruses produce a poor immunological response. The results
presented in this dissertation show that if the right combination
of dosage and temperature regulation is maintained, IHN is as
strong of stimulus immunologically as other viral antigens tested
on fish. The next obvious step is to develop vaccines for the

protection of fish against viral diseases.
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APPENDIX B

STATISTICAL ANALYSiS
‘The statistical procedures for variance ratio, t-test,
and’ two way analysis of variance were followed as described by
Remington and Schork (1970), and for linear regression analysis
as described by Finney (1971). For all tests of control vs in-
" fected fish the sample mean, range, varianée (s2), standard
_deviaﬁion (s), and standard error (se) was calculated. The ratio

[ . 2
of variance -5

was used to test the assumption that the sample variances were
not'different (P<.05). If.the sample variance was not different,

~the difference between sample means was tested by

i

Xl— 5

R
1,1
P ny n,

where X is the sample means, sp the average variance of the two

samples, and n the number in each sample. However, if the sample
variances were not the same, the difference between sample means

was tested by X, - X

In the case of comparing samples between control and in-
fected fish over a period of time, the data was first subjected
to a two-way analysis of variance. If control samples were
essentially the same over the test period, the control values

were averaged to obtain a population mean and variance. The
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daily changes of the infected fish were then tested as described
above using the.control population means and variance in the test
statistic.

In the experiment where fish were weighed daily for 19 days
the data, of course, was not a random sample of the weight chahge
in each population, but was a record of the weight chaﬁge of each
indiﬁidual fish. Consequently, the population means did not
change much, but theré were individual weight fluctuations from
day to day. If the weight of each fish was averaged into a 3-day
composit, this eliminated the individual daily fluctuations.
Therefore, when the 3-day mean of control and infected fish was
plotted, a straight line relationship was found. The two groups
were then tested by linear regression analysis.

In all blood chemistry tests, it was assumed that the mean
values were from a random selection of non—iﬁfected or virus
infected population of fish. Wedemeyer (1973) has argued that
a non-parametric analysis would be more appropriate, but for the
purpose of these experiments, parametric analyses were conducted,

especially because a normal range estimation was not intended.
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APPENDIX B

Table B6: Linear regression analysis of weight change of
uninfected controls and moribund rainbow trout
infected with IHN virus.

Control Fish

Nature of
Variation Degrees of Sum of Mean 2

Freedom Squares . Squares F
Regression 1l .065450 .065450 112%=*
Deviations from
linearity 4 .000499 .000125 0.213
Between days 5 .065949 .013190 22 ,5%%
Between £fish 29 6.6852 .23052 393%%*
Error 125 .0732 .000586
Total 159 6.8243

Infected Fish

Regression 1 .326082 .326082 31.7%*
Deviations from
linearity 3 .021998 .007333 .71
Between days 4 .348080 .087020 6.8%*%
Between fish 17 8.837259 .519839 51%%
Error 53 .545233 .010287
Total 74 9,.730572

Continued next page
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APPENDIX B

Table B6: Linear regression analysis of weight change of
uninfected controls and morikund rainbow trout
infected with IHN virus.+ =---—-—- Continued

Nature of

Combined Control Fish and
Infected Fish

Variation

Degrees of Sum of Mean

Freedom Square Sguare F2
Between groups 1 : .214428 .214428 223**
Regression 1 .003053 .003053 3.17 -~
Parallelism 1 .388479 .388479 403**
Linearity 7 .041598 .005943 6.2%%
Between days 10 ‘ .647558 .064756 67**
Between fish 47 15.73886 .334827 348**
Error 177 .170401 .000963
Total 234 16.554846

1. see Section I,

2. ** = P<,01

Figure 4, page 18
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