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with emphasis on viral erythrocytic necrosis (VEN) 
and atypical Aeromonas salmonicida 
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ABSTRACT Maturing Pacific herring (Clupea harengus paUasi Valenciennes) were captured and held 
in net pens at Departure Bay, British Columbia (Canada), to test the quality and timing of roe 
production. The health status of the impounded herring was regularly monitored during the 5 mo 
holding period. Viral erythrocytic necrosis (VEN) increased in the captive herring from an initial 
prevalence of 3 % to 70 % near the termination of holding. Bacteria isolated from kidneys of randomly 
sampled herring were tested for pathogenicity in juvenile herring. Significantly, 4 particularly virulent 
isolates were characterized as atypical Aeromonas salmonicida. Related experiments with herring in the 
laboratory indicated that they were capable of harbouring the important salmonid ludney disease 
pathogen Renibacterium salmoninarum for extended periods. In addition, 2 yr old herring (vaccinated 
parenterally with formalin-lulled Vibrio anguillarurn in adjuvant) failed to produce homologous serum 
agglutinins in 6 wk although chinook salmon (Oncorl~ynchus tshawytscha) similarly vaccinated 
developed high agglutinin titres. 

INTRODUCTION 

Almost continuously since it began in 1877 the com- 
mercial harvesting of herring Clupea harengus pallasi 
Valenciennes has been an important component of 
Canada's Pacific coast fishing industry. With the 
development of the sac-roe (mature egg skeins) fishery 
in the early 1970s, 'herring have ranked second in 
landed value to the sum of all species of salmon and 
exceeded in value any single species' (Taylor 1985). In- 
season management of the roe fishery has been 
described by Trumble & Humphreys (1985), and it is 
evident that harvesting techniques could be damaging 
to spawning of survivors and to shallow spawning 
grounds. Pilot scale experiments on the off-shore (pre- 
mature) capture, transportation, and impoundment of 
herring for maturation were conducted at the Pacific 
Biological Station for the purpose of reducing the pos- 
sible detrimental effects of fishing gear and for diver- 
sifying the roe herring industry (Brett & Solmie 1982). 

O Inter-Research/Printed in F. R. Germany 

One of the concerns in holding high densities of 
animals, especially following the stress of capture and 
transportation, is the possibility of high losses due to 
infectious disease. The status of infectious diseases of 
adult herring impounded to test the timing and qual- 
ity of roe production was examined during the hold- 
ing period and the results are reported herein. The 
protozoan and metazoan parasite fauna of herring 
from the Pacific coast of North America has been 
investigated by Arthur & Arai (1980). Therefore, in 
the present investigation emphasis was placed on 
isolating and characterizing bacterial pathogens. In 
addition, the prevalence of viral erythrocytic necrosis 
(VEN), recently reported as associated with epizootics 
in feral herring in Alaska (Meyers et al. 1986), was 
monitored. The capability of herring to mount a 
specific immune response and the possibility that 
they could be a vector of the important salmonid 
pathogen Renibacterium salmoninarum were also 
investigated briefly. 
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MATERIAL AND METHODS 

Fish. Maturing herring were caught by seine, guided 
into a transportation vessel and released into net pens in 
Departure Bay, Nanaimo, British Columbia (B.C.), 
Canada. These herring were held at 2 densities, 14.8 kg 
m-3 (designated 'high density') and 11.6 kg m-3 
('medium density'), from January to June, 1982. A 
description of the methods of capture, transportation, 
and holding was given by Kreiberg, Brett & Solmie 
(1982). Netpens P1 and P5 correspond to H1 and H5, 
respectively, in the report of Kreiberg et al. (1982). 

Sampling: Every 2 wk, 30 active fish were netted 
randomly from each net pen and held alive in the 
laboratory until tissue samples were taken, within 1 h 
of capture. According to Ossiander & Wedemeyer 
(1973) this sample size would enable, with 95 % confi- 
dence, the detection of one or more infected herring in 
a population > 105 with an assumed prevalence of 
detectable infection of 1 in 10. Fish were killed with a 
blow to the head, the tail severed at the caudal pedun- 
cle, and blood collected immediately in heparinized 
capillary tubes for haematocrits and smears. This 
sampling procedure was used rather than selecting 
from the continuous, low percentage of moribund fish 
because we  felt that a better measurement of the health 
status of fish that had survived the stress of capture and 
handling would be obtained. We would not merely be 
sampling those herring that had inevitably suffered 
physical damage. 

Examination: Blood smears were stained with 'Diff- 
Quik'" (Dade Diagnostics Inc., Aguada, Puerto Rico) 
and examined microscopically for the presence of cyto- 
plasmic inclusion bodles characteristic of VEN. 
Haematocrits were determined by centrifugation of 
caudal blood in heparinized capillary tubes for 3 min in 
a Clay-Adams microhaematocrit centrifuge. Bacteria 
were isolated by inoculating ludney tissue aseptically 
onto Difco Tryptic Soy Agar (TSA) and incubating at 
15 "C. Kidney smears were prepared concurrently and 
Gram-stained for microscopic examination. Micro- 
scopic examination of blood and kidney smears con- 
sisted of scanning at least 50 fields at  1 0 0 0 ~  magnifica- 
tion but usefulness of kidney smears was Limited 
because of the difficulty in detecting bacteria among 
the profuse melanin granules. Small pieces of gill from 
each fish were placed in Bouins' fixative for sectioning 
and staining. 

Pathogenicity tests. The pathogenicity of 11 bacterial 
isolates from the kidneys of pen-held, herring was 
tested using juvenile herring. Each of 2 groups of 20 
herring was inoculated intraperitoneally, one group 
w t h  0.1 m1 of a high and another w t h  a low dilution of 
a 24 h bacterial culture suspended in 0.1 % peptone 
and 0.85 % sodium chloride. The viable number of 

bacteria injected during each challenge was deter- 
mined by the drop plate method of Miles & Misra 
(1938). Both fish groups were fin-clipped to identify the 
challenge level received and then placed in the same 
tank. Controls (20 fish) were injected with 0.1 m1 of 
sterile peptone saline and placed in a separate tank. All 
fish were kept in 1 X 1.7 m oval tanks (625 1) supplied 
with sea water at a flow rate of 20 1 min-l. Kidney 
samples from all mortalities were Gram stained and 
cultured to confirm the cause of death in accordance 
with Koch's Postulates. 

Characterization of bacterial pathogens. Bacteria 
isolated from kidneys of inoculated fish were cultured 
on TSA, supplemented with 5 % fetal bovine serum, 
0.05 % yeast extract and 1 % sodium chloride, because 
there was sometimes difficulty in maintaining cultures 
on TSA alone. Biochemical tests were performed as 
described in the Manual of Microbiological Methods 
(1957). Oxidative or fermentative carbohydrate utiliza- 
tion was determined by the method of Hugh & Liefson 
(1953). The test for sensitivity to the vibriostatic agent 
0/129 foilowed the procedure in Department of 
Fisheries and Oceans (1984). 

Serological tests were performed on pathogenic 
isolates from herring to determine their antigenic 
characteristics. The indirect fluorescent antibody 
technique (IFAT) was employed using the procedure of 
Bullock & Stuckey (1975). The immunodiffusion test 
followed the procedure described by Chen et al. (1974). 
The antisera used in the serological procedures were 
prepared by Grand Island Biological Company, against 
our reference strain of Aeromonas salmonicida (76-30). 
Other serological tests, employing 'A' protein mono- 
clonal antibodies to confirm the identity of several of 
the isolates, were done by Dr T. Trust of the University 
of Victoria. 

Immune response of herring. A separate experiment 
was conducted to measure the humoral immune 
response of 2 yr old herring to vaccination with the 
immunogenic marine fish pathogen Vibrio anguil- 
larum. Each of 3 groups of juvenile herring was inocu- 
lated intraperitoneally with 0.1 m1 of one of the follow- 
ing preparations: 0.85 % saline, adjuvant, and V. 
anguillarum cells incorporated in adjuvant. The vac- 
cine was prepared by emulsifying 1 m1 of formalin- 
lulled cells in 3 m1 of Freund's complete adjuvant. The 
single injection administered to each fish contained 5 
mg wet weight of bacteria. Chinook salmon Oncorhyn- 
chus tshawytscha were vaccinated identically to pro- 
vide a positive control. It has been demonstrated that 
chinook salmon develop serum agglutinins following 
vaccination with Vibrio anguillarum (Antipa 1976). The 
background antibody levels from the same stock of 
unvaccinated herring were also measured. 

Response to these treatments was determined by 
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measuring the agglutinating titres of the plasma using 
standard microtitre procedures. Two-fold dilutions of 
serum in saline were mixed in 'LT' bottom trays with a 
heat-killed suspension of Vibno anguillarun~ in saline 
adjusted to an absorbance of 2.5 at 420 nm. Titres were 
recorded after 24 h incubation at 15 "C. Commercially 
prepared V. anguillarum antiserum was used as a sec- 
ond positive control. Blood was collected from fish in 
heparinized capillary tubes, 6 wk after injection, by 
severing the caudal peduncle. Plasma was collected 
after centrifugation and stored at -20 "C until tested. 

Water temperatures during incubation varied be- 
tween 8.8 and 10 "C for the herring and 9.5 to 12.0 "C 
for the chinook salmon. 

Susceptibility of herring to Renibacterium sal- 
moninarum. In a preliminary but noteworthy expen- 
ment, 10 juvenile herring (mean wt 4.5 g) were each 
inoculated intraperitoneally with 1.8 X 103 cfu of a 
pathogenic culture of R, salmoninan~m (our stock 384) 
and held in flowing sea water at 10 "C. IOdney tissue of 
all mortalities was examined by IFAT and culturing on 
KDM (Evelyn 1977) for the presence of the pathogen. 

RESULTS 

Disease monitoring 

Herring s u ~ v e d  well over the 5 mo holding period 
from January to May 1982, total mortality during the 
period of maturation and spawning being 10 % in net 
pen P2 and 12.8 % in net pen PS. The results of 
sampling herring once every 2 wk from the net pens 
are shown in Table 1. 

The prevalence of VEN in herring held in the high 
density net pen (PI) showed a marked increase during 
the holding period, rising from 3.3 to 70 % near the 
termination while the mean haematocrit showed a 
declining trend. The lowest mean haematocrit occurred 
when the prevalence of VEN was highest. Herring held 
in the medium density net pen (P5) did not show any 
clear trend in either prevalence of VEN or in average 
haematocrits. 

Thirty bacterial isolates were obtained from kidneys of 
herring with the majority b e ~ n g  isolated near the end of 
the holding period. Most isolates were Gram-negative, 
pleomorphic rods often showing bipolar staining. Usu- 
ally, only one representative isolate was retained for 
biochemical and pathogenicity testing. Only isolates that 
proved to be pathogenic were further characterized. 

Histopathological examination of gills of 60 fish from 
pen P1 and 30 fish from pen P5, taken at 3 sampling 
dates near the end of the holding penod, showed an 
overall 5 O/O prevalence of the protozoan paraslte 
Trichodina sp. 

Pathogenicity tests 

Results of the pathogenicity tests for 11 bacterial 
isolates are summarized in Table 2. Mortalities 
recorded ~nclude only those fish from which the 
injected bacterial isolate was either observed in Gram 
stained kidney smears and/or re-isolated. Four of the 
bacterial isolates tested were highly virulent. When low 
bacterial concentrations of cultures H3, H4, H5, and H8 
were inoculated intraperitoneally, half of the hernng 
were killed in 16 d or less. The remaining isolates 
showed moderate to low virulence, indicated by the 
longer time to 50 O/O mortality or, in some cases, a 
mortality of less than 50 % over the observation period. 

Characterization of pathogens 

Some characteristics of the 4 highly virulent isolates 
are shown in Table 3. These isolates, identified as 
atypical Aeromonas salmonicida, all had similar mor- 
phological, and except for one test, identical biochemi- 
cal characteristics. One of the above isolates differed 
from other atypical A. salmonicida isolated from marine 
species of fish (Evelyn 1971, Cornick et al. 1984, Dals- 
gaard & Paulsen 1986) in its negative oxidase reaction. 
In addition to the characteristics listed in Table 3, the 
isolates produced colonies that were difficult to dis- 
perse in saline and could be pushed intact along the 
surface of the agar with a loop or glass rod. The slow 
growth and fastidious nature of the isolates were 
characteristics similar to those of other atypical A. sal- 
monicida as reported by Paterson et al. 1980. All 4 
isolates proved antigenically similar to A. salmonicida 
according to the indirect fluorescent antibody and 
immunodiffusion tests, the latter of which produced 
precipitin lines with all 4 isolates that corresponded to 
those from a known A. salmonicida. No precipitin lines 
were observed when the isolates were tested with 
Vibno anguillarum, Yersinia rucken, Renibacterium 
salmoninarum, or A. hydrophila antisera. Further evi- 
dence of antigenic similarity to A. salmonicida was 
provided by Dr T. Trust with the use of monoclonal 
antibodies (pers. comm.) prepared against the 'A'-pro- 
tein of A. salmonicida. 

Immune response 

Results of vaccination of herring and chinook salmon 
with Vibrio anguillarum are shown in Table 4. Aggluti- 
nin titres of plasma from herring in the 3 control groups 
were extremely low, none of the fish having detectable 
antibody levels to V,  angujllarum. Similarly, the 
chinook salmon control groups had low plasma anti- 
body levels. 
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When the complete vaccine was administered to controls also died over the 125 d holding period, but 
herring about half the fish showed a weak response, with no evidence of R. salmoninarum infection. 
while the same vaccine produced high homologous 
agglutinin titres in chinook salmon. 

DISCUSSION 

Susceptibility to Renibacterium salmoninarum The signs of EN virus infection observed in blood 
smears of the pen-held herring were similar to those 

All inoculated herring had died by 74 d post injection described by Evelyn & Traxler (1978) for VEN infections 
( p i ) ,  6 with microscopically and culturally confirmed in Pacific salmon. Affected erythrocytes contained a 
R. salmoninarum infection. These 6 mortalities occur- single, round, pink cytoplasmic inclusion body which is 
red at 33 (2 fish), 47, 61, 68, and 74 d p.i. Saline-injected pathognomonic for EN virus infection. Severity of the 

Table 2. Results of pathogenicity testing of 2 concentrations of bacteria isolated from pen-held hernng when injected into each of 2 
groups of 20 juvenile herring. When 50 ?/A mortality did not occur in the time allotted for the challenge, number of days and final 

mortality are shown 

Bacterial Net-pen Number of Number of Mean Mean Temperature Virulence 
isolate bacteria bacteria days to 50 O/O welght length range during 

isolated injected mortality (9) (cm) challenge ("C) 
from 

H1 P5 1.0 X 106 No mortalities 7.0 10.5 11.3-13.0 Non-pathogenic 
1.0 X 104 caused by 6.1 10 2 
Control injected bacteria 6.3 10 2 

H 2 P5 6.7 X lo3 18 6.6 10.2 11.3-13.0 Moderate 
6.7 X 10' 20 6.4 9.9 
Control 6.3 10.3 

H3 P5 1.5 X TO4 11 4 .7 8.4 9.7-10.6 High 
1 . 5 ~  10' 16 4.6 8.7 
Control 5.0 8.6 

H4 P5 6.6 X lo5 5 3.8 8.1 12.0-12.3 High 
6.6 X 103 8 4.0 8.1 
Control 31 (10 "L)" 3.8 8.6 

H5 P5 4.4 X 10" 11 4.4 8.4 9.7-10.6 High 
4.4 X 10' 15 5.1 8.8 
Control 5.4 9.1 

H6 P 1 4.4 X 10' 35 5.8 9.1 10.0-11.7 Low 
4.4 X lo5 42 (40 %) 5.5 9.4 
Control 5.0 8.9 

H7 P1 3.0 X 10' 15 4.3 8.9 12.0-14.5 Moderate 
3.0 X 10' 25 2.9 7.9 
Control 31 (10 3.8 8.6 

H8 P1 1.4 X 103 8 6.0 9.1 12.0-12.3 High 
1.4 X 10' 13 5.4 9.1 
Control 6.8 9.6 

H9 P1 1.8 X lo4 37 (20 %) 6.4 10.1 11.3-12.2 Low 
1.8 X 10' 37 (15 %) 6.4 10.2 
Control 7.3 10.4 

H10 P1 4.5 X lo3 17 6.1 9.6 11.3-13 7 Moderate 
4.5 X 10' 20 (40 %) 7.2 10.2 
Control 6.8 9.9 

H11 P 1 4.6 X 10' 27 5.7 9.6 10.4-11.7 Low 
4.6 X 10' 35 5.8 9.4 
Control 4.9 8.9 

a Control fish from these challenge experiments were not placed in separate tanks 
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Table 3. Characteristics of the 4 virulent bacterial isolates (H3. H4, H5, and H8) from herring 

Cell morphology 
Colony characteristics 

on serum supplenlrntrd TSA 

Motility 

Catalase 

Oxidase 

Indole 

Temperature range 

Glucose utilization 

Serologic characteristics 

Growth in the presence 
of vibriostatic agent 0/129 

Gram-negative rods exhibiting bipolar stain~ng, 1. X 2 pm 

Translucent, punctiform, raised, entire 
margins, no brown diffusing pigment 

Neqdtlve 
Positive 

3/4 positive; 1/4 negative 

Negative 
Grows at 15 "C. co1onic.s in 5 to 7 d ,  no growth at 37 'C  

Fermentative - gas 

Indirect fluorescent antibody terhnique (IFAT), positive for Aeromonas salmonicida; 
immunodiffusion test, positive for A. salmonicjda 

Negative 

Table 4. Plasma agglutinin titres of hemng and chinook salmon vaccinated with Vibno anguillarurn 

Herring" Chinook salmonb 
Initial Saline Adjuvant Complete Saline Adjuvant Complete 
stock control control vaccine control control vaccine 

Number tested 30 28 28 32 
Mean haematocrit 43 40 38 39 

1 Agglutinin titer Number of plasma samples with agglutinins at dilution shown 

a Means: fork length 18.4 cm; wt 57.8 g 
Means: fork length 18.8; wt 68.2 g 

infections increased the longer the herring were held, as 
was evidenced by the increased number of erythrocytes 
observed with inclusions and the corresponding lower 
haematocrits in the infected fish. Source of the virus was 
not apparent from this study. However, studies by 
Meyers et al. (1986) showed that wild stocks of hening 
in Alaska are naturally infected with EN virus. I t  is 
Likely, therefore, that the pen-held herring were carriers 
of the virus and the stress of capture, transport, and 
holding elicited the outbreak of VEN. 

It has been shown that the EN virus carried by Pacific 
herring is capable of infecting chum (Oncorhynchus 
keta) and pink (0, gorbuscha) salmon by intraperi- 
toneal injection (Evelyn & Traxler 1978, MacMillan & 
Mulcahy 1979). Waterborne transmission of EN virus 

has been demonstrated by MacMillan & Mulcahy 
(1979). Consequently, there may be  a risk of infecting 
salmonids with EN virus by holding herring at a site 
where salmonids are cultured. Hening may pose 
another risk to salmonids, and vice versa, because our 
results showed that herring can be infected with and 
carry the ludney disease bacterium, Renibactenum sal- 
moninarum, for extended periods. 

Prior to spawning in the impoundments, only 3 bac- 
terial isolations were obtained from herring in pen P5 
and none from herring in pen P1 Most bacteria were 
isolated from the herring after spawning had been 
completed in early May, possibly because of a decrease 
in the ability of the fish to resist pathogens and oppor- 
tunistic organisms after the stress of spawning. 
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The cause of the negative oxidase reaction of one of 
the atypical Aeromonas salmonicida isolates is perplex- 
ing. However, the oxidase reactions of the other 3 
atypical A. salmonicida isolates were weakly positive 
and difficulty in interpreting the test may have resulted 
in this one test being judged negative. The negative-to- 
weak oxidase reactions of the Isolates may have 
resulted from poor contact with the aqueous test rea- 
gent due to the hydrophobicity of these strongly auto- 
agglutinating organisms. Also, the negative indole test 
may have been a result of very poor growth of the 
isolates in the tryptone test medium. 

Given their pathogenicity and widespread distribu- 
tion, it is surprising that no Vibno spp. were among the 
pathogenic isolates. However, because we  did not select 
moribund herring there might have been a bias against 
isolating active pathogens of this genus, and possibly 
others. It should be noted that vibriosis is a threatening 
disease of salmonids in coastal British Colunlbia and has 
also occasionally been associated with mortalities of 
impounded herring (D. Kieser pers. comm.). 

It has been repeatedly demonstrated that teleost fish 
produce an antibody response to bacterial vaccination. 
The subject has frequently been reviewed (Ridgeway 
et  al. 1966, Klontz & Anderson 1970, Snieszko 1970, 
Anderson 1974, Corbel 1975). The almost total lack of 
response of herring to Vibno anguillarum antigens as  
measured by agglutinins is surprising, especially 
because this vaccine stimulated high titres in chinook 
salmon. Environmental conditions, particularly temper- 
ature (Corbel 1975), are important in determining the 
immune response of fish. Although the chinook salmon 
were held at somewhat higher temperatures than the 
herring, it is doubtful that temperature alone could 
explain the lack of agglutinin response of juvenile 
herring. Perhaps herring respond more slowly or in a 
different way to vaccines than do salmonids. Of course, 
the lack of plasma agglutinin response does not 
necessarily imply lack of immunity of the vaccinated 
herring (Evelyn 1984). 

Regular sampling of impounded herring resulted in 
the identification or isolation of some pathogens, the 
most notable of which were ENV and atypical 
Aeromonas salmonicida. Both pathogens pose a threat 
to salmonids and possibly to other fishes (Evelyn 1971), 
and it would be interesting to know if these atypical A. 
salmonicida are capable of causing disease by natural 
challenge, particularly in sea-pen reared salmonids. As 
yet, we are not aware of any losses of salmonids in sea 
pens in British Columbia associated with these atypical 
A. salmonicida. Throughout the holding period losses 
were low in both pens (Hay et  al. 1988) and no overt 
epizootic occurred at either loading density. However, 
there is obviously a potential for high losses due to 
infectious disease in roe herring impoundments. 

Finally, results of inoculating herring with Renibac- 
tenurn salmoninarum suggest that herring might be  
susceptible to infections of this bacterium and/or that 
they could harbour R. salmoninarum for extended 
periods. 
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