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Survivability of Infectious Hematopoietic Necrosis Virus in 
Fertilized Eggs of Masu and Chum Salmon 

M AM O RU Y OSHIM IZU, MANABU SAMI , AND T A KAHISA KlMURA 

Laboralury 0/ Microbiology. Faculty 0/ Fisheries. I-fokkaido University 
Minalo. 3-1-1. Hakodate, Hokkaido 041. Japan 

Abstract. - The possibility of vertical transmission of infectious hematopoietic necrosis virus 
(IH NV) was studied with thc eggs of masu (cherry) salmon Oncorhynchus masou and chum salmon 
O. keta. The surfaces of eggs and sperm were contaminated with IHNV «((y-c IO'-' SO'MItissue 
culture infect ive dose !TCIDSOVeu.) and then the eggs were fcrtili~ed. Eggs just afler fert ilization 
and embryonated eggs also were infected by injection with IHNV (IOU T CID SO/egg) directly into 
the yolk. During incubation. eggs were held in running water at IO"C. Mortality of the eggs or 
hatched progeny was determined and isolation of IHNV on the surface or inside of the eggs was 
determined during the incubation period. No mortal ity occurred and no virus was detected in 
fertile eggs from contaminated gametes. For injected eggs. IH NV was not detected on the surface 
ormasu and chum salmon C8&5 aftcr I d of incubation_Infectivi ty of l HNV inside the e8&5 decreased 
gradually and could not be detected aner I month of incubation. This rate of IHNV reduction in 
thc fcn il ized egg was similar to that found in a mi x.ture ofIH NV and homogeni~ed yolk contents. 
Several individual yolk components also showed anti-IHNV activity_ When eyed e8&5 were injected 
with IH NV, the embryos of both masu and chum salmon became infected. and Ihe concentra tion 
of virus increased rapidly and reached more than 10'-' TCIDSO/ lish. The cumulative mortality of 
eggs injected at the eyed stage for both masu and chum salmon was 90%. The susceptibili ties of 
hatched-out larvae of masu and chum salmon to IHNV were dilferent: cumulative mortali ty was 
more than 90% in masu salmon and 20-3Mio in chum salmon artificially infected with the virus. 
We concluded that vert ical transmission ofI HNV is doubtful because the virus is apparently unable 
to survive in eggs before the eyed stage. 

In 197 1, the first outbreak of in fectious hema
topoietic necrosis (lHN) was recorded in Hokkai
do, Japan, among kokancc (lacustrine sockeye 
salmon) Oncorhynchus nerka cultured in Ho kkai
do Fish Hatchery. The next year, IH N broke o ut 
again among the same species cultured in Hok
ka ido Salmon Hatchery (Ki m ura and Awakura 
1977). It has since spread rapidly to Ho nshu, the 
main island of Japan, and has been fo und amo ng 
rainbow trout Oncorhynchus mykiss (formerly 
Salmogairdnerl) produced since 1974 (Sana et al. 
1977). Many rivers located in the central part of 
Honshu, a major district fo r rainbow trout pro
ductio n, have become cont.aminated with Ihe IHN 
virus (IH NV), because several farms use these 
rivers fo r their water suppl y. As a result, there 
have been subsla ntial losses in rainbow Iroul pro
duction. 

For the prevention or conlrol of epizooliC5 of 
IH N in salmonid fishes, control of the water tem
perature (Ame nd . I 970 , 1976) , immu nizatio n 
(Amend 1976), and chemotherapy (Hasobe and 
Saneyoshi 1985: Kimura et a1. 1987) have been 
studied. The most effective a nd widely used meth
od is disinfection of eggs al the early eyed st.age 
with iodophor (SO mglL fo r 20 min) and subse
quent incubation in vi rus-free water; the result ing 
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fi sh do not become infected (A mend and Pietsch 
1972: Amcnd 1976: Mulcahy 1983: Yoshimizu et 
a1. 1988). 

In Japan, a lthough IH NV infection has been 
preven ted sim pl y by keeping the water tempera
lure at 1 SOC, mOSI of the rainbow tro ut farms arc 
able to prevent a nd control IHN by application 
of the above methods. At fi rst, eggs at the early 
eyed s tage arc treated with iodophor (50 mglL. 20 
min), and then treated eggs are incubated in well 
water or ultrav iolet-irradiated water. Young fish 
are also kept in well water or ult raviolet-irrad iated 
water until they are no longer suscepti ble to IH NV 
(i.e., when fi sh weigh about 1.5 g). Yo ung fi sh then 
arc moved to ponds suppl ied by river water (Ki
m ura 1983). However, a few outbreaks of IH NV 
have occurred in spite of treatment of the eyed 
eggs with iodophor before t ransportation and in
cubation in well waler(T. Yamazaki, agano Pre
fectural Fisheries Experimental Station, personal 
communication). 

M ulcahy and Pascho (1984, 1985) reported that 
IHNV adsorbed onto the surface mem brane of 
sperm from two genera of salmonid fish, and I HNV 
was isolated from dead cggs and hatched fi sh. From 
these fin dings, they concluded that IH NV is t ra ns
m ittt."<I vertically. Nusbaum and Grizzle ( 1987) re-
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ported that channel catflsh virus (CCV) adsorbed 
onto sperm of channel catfish and Wise et at (1988) 
reported the vertical transmission of CCV. We 
stud ied the possibility of vertical transmission of 
IHNV in masu salmon I Oncorhynchus masou and 
chum salmon 0. kela. Susceptibilities of recently 
hatched fish to the IHNV are different for these 
two species. 

Methods 

The virus.-Three strains of IHNV were em
ployed. IHNV strains ChAb and RITo were iso
lated from the ovarian fluid of mature chum salm
on from the Abashiri River in 1976 and from 
mature rainbow trout from Aomori Prefectural 
Fisheries Experimental Station in 1983. Strain 
Chlw was isolated from moribund chum salmon 
infected with IHNV in 1986 (Yoshimizu el al. 
\988), Viruses were cultured on rainbow trout go
nad (RTG-2) cells (Wolf and Quimby 1962) grown 
in Eagle's minimum essential medium supple
mented with 10% fetal bovine serum , 100 inter
national units (IU) penicillin/ mL, and 100 J.lg 
streptomycin/ mL, and incubated at 150C for 7 d. 
Culture fluid was filtered through a 0.45-j.lm mem
brane, separated into small amounts in vial tubes, 
and stored at - 80OC until uscd. 

Eggs and fish. - Unfertilized eggs, sperm , and 
eyed eggs ofmasu and chum salmon were provid
ed by Hokkaido Salmon Hatchery. Before they 
were used in our study, fertilized eggs and eyed 
eggs were disinfected by iodophor treatment (50 
mgiL, 20 min). Eggs were incubated in dechlori
nated city water at 10-15°C. Progeny of both 
species were artificially infected just after hatching 
and at I month of age. 

Contamination oj eggs and sperm. - Four groups 
of masu and chum salmon eggs were fertilized 
after treatment with IHNV. For the first group 
(egg-contaminated), 5 mL of stock IHNV strain 
ChAb (I()<im TCID50/ mL) were added to 100 eggs. 
The egg-virus mixture was allowed to stand for 
30 min, and then the eggs were fertilized. For the 
second group (sperm-contaminated), 2 ml of vi
rus suspension was added to sperm. The sperm
virus mixture was allowed to stand for 30 min, 
and then the sperm were used to fertilize 100 eggs. 
A doubly contaminated group consisted of eggs 
and sperm that were contaminated with virus by 
the same methods as described above and then 

, The common name preferred by the American Fish
eries Society for Oncorhynchus masou is cherry salmon. 

mixed to fertilize the eggs. Finally, a fourth group 
consisted of a doubly contaminated group that 
was disinfected with 50 mg iodophor/ L for 20 min 
(disinfected group). These four groups were in
cubated in dechlorinated ci ty water and subse
quent mortality and virus concentrations were re
corded . 

Yolk-sac injection ojeggs.-Eggs at two devel
opmental stages, just after fertilization and after 
they became embryonated, were experimentally 
infected by yolk-sac injection. Stock IHNV strain 
ChAb (106m TCID50/ mL) was injected into masu 
salmon eggs, and strains ChAb and Ch lw (IOMS 

TCID50/ mL) were injected into chum salmon eggs. 
Injections were performed with handmade glass 
needles (diameter = 100 j.lm) inserted at the veg
etati ve pole and extending into the central part of 
the yolk. Eagle's minimum essential medium with 
10% fetal bovine serum was injected into the con
trol. 

Measurement oj virus injecfivily. - The four 
groups of eggs contaminated with IHNV were 
sampled every week, and injected eggs were sam
pled every 2 d. Ten cggs or five hatched-out fish 
were poolcd for one sam ple, homogenized with 
'Hanks' balanced salt solution, and filtered through 
a 0.45-j.lm membrane. Viruses were counted by 
the microplate method with RTG-2 cells. 

Detection q{ antigens in blastomeres.- The sur
face of each of20 eggs was treated with 10% form
aldehyde for 2 h at I , 2, 3, and 4 d after injection 
with IH NV. For controls, virus-free culture fluid 
of IH NV prepared by tangential flow filtration 
(Pellicon Cassette System, Millipore Corporation) 
was injected. Blastodiscs were picked up and two 
specimens were pooled. Pooled blastodiscs were 
treated with 0.1% trypsin in Versene solution for 
5 min. Suspended blastomeres were washed with 
distilled water, smeared on glass slides, and fixed 
at 1000C for 3 h. The presence of IHNV antigen 
in the blastomere was detected by immunopcrox
idase stain (Watanabe 1981), Fixed blastomeres 
were treated with 0.3% HIDl at room temperature 
for 20 min and washed with d istilled water. Sub
sequently, bovine serum solution (5% fetal bovine 
serum, 0. 1% NaN), and 0. 1 % MgCI~ in phosphate 
buffered saline solution; pH - 7.2) was added, and 
the specimens were incubated at 370C for 20 min. 
After the blastomeres were washed with distilled 
water, anti-IHNV monoclonal antibody RB/ B5 
(provided by J. R. Winton, National Fisheries Re
search Center, Seattle, Washington) was added, 
and the specimens again were incubated at 370C 
for 20 min. After washes, we added rabbit anti-
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mouse immunoglobulin G conjugaled 10 horse
radish peroxidase (Daiko Co., Ltd.) diluted I: 100 
in phosphate buffered saline solution. After ad
dilional distilled water washes, 3,3'-diam inoben
zidine (Wako Co., Ltd .; 0.25 mg!mL in 0.05 M 
tris buffer, pH = 8.3, containing 0.0 15% H20 2) 

was added and allowed to react for 30 min, and 
then the slide was washed with d istilled water and 
examined by light microscopy. 

Pathogenicity of l'irus strains. - Fifty c hum 
salmon eleutheroembryos were infected immedi
ately posthatching with IH NV strains RtTo, ChAb, 
and Ch lw by water-borne ex posure to a virus con
centration of 10l.n TCID50/ mL for 60 min. Fifty 
I-month-old masu and chum salmon also were 
infected with IH NV strai n RtTo by thc water
borne route with a dose of 102.0 TCID50/ mL for 
60 min. 

Surl'imbilily of l'irns ill yolk cOn/en/so - Each of 
20 masu and chum salmon eggs were sampled 
immediately after fertil ization and at 5-d intervals 
for 25 d . The eggs were d isinfected with iodophor, 
and egg membranes and blastodiscs or embryos 
were removed with forceps and sterile gauze. The 
same volume of stock IHNV strain ChAb (lOs.os 
TCID50/ m L) thai was injected into yolk sacs of 
intact eggs was added to ho mogenized yolk con
tents and allowed to stand at 5"C. Virus infecti vity 
was measured 1,7, 14 , and 21 d later. 

Effect of egg components on l'irns infecth·ity.
The effect of egg components of salmonid fishes 
reported by Ando ( 1962a, I 962b) on the infec tiv
ity of IH NV was tested. The amino acids L-as
panic acid, L-glutamic acid, DL-phenylalanine, 
L-tryptophan, L-tyrosine, L-a rginine, L-l ysi ne, 
L-histidinc, L-valine, oL-alani ne. L-Ieucine, OL
isoleucine, I>L- threoni ne, L-serine. DL-methionine, 
L-cysteine, and L-proline and vitam ins ascorbic 
acid. pyridoxal phosphatc. biotin , and folic acid 
(Wako) were dissolved in Hanks' balanced salt 
solution at 10 mg!mL. Lecithin, cephalin , sphin 
gomyel in, and cerebrosides (Sigma) were suspend
ed in Hanks' balanced salt solution at I mg!mL 
and homogenized by ultrasonication (Otake Sei
sa kusho). Antiviral acti vity of these compounds 
was measured by three methods: (I) stock IHN V 
strain ChAb was mixed with the compounds and 
left to react fo r 30 min at 15"C; (2) the compounds 
were added to the cell culture medium on RTG-2 
cells that were cultured for 24 h, washed twice 
wi th Hanks' balanced salt solution , and immedi
ately inoculaled with vi rus; and (3) the compo
nents were added to overlay medium above cells 
al ready infected with IHNV and subseq uently cul-

lured. Final concentrations of these compounds 
were adjusted to one-tenth o f stock solutions. An
tiviral effects were measured by plaque assay (Ka
mei et al. 1987), and Ihe plaque reduction rates 
were compared with those of an untreated con trol 
grou p (Kamci et at. 1988). 

Results 

MortalilY of Infected Eggs 

The four gamete-contaminated egg groups (egg
contaminated, sperm-contaminated, doubly con
taminated , and disinfected) were incubated under 
IHNV-free conditions. No deaths were recorded 
for the fo ur groups and virus was not detected on 
the surface or inside of fe nilized masu and chu m 
salmon eggs. 

Deteetion of Virus ill Iltjected Eggs 

Althoup.h the mortality of the eggs ofmasu and 
chum salmon injected into the yolk sac just after 
fenili 7.a tion reached \OO%in Ihe followi ng 5 weeks, 
IH NV was nOI detected al \ week in masu salmon 
or at 5 weeks in chum salmo n. T he monality of 
the control masu and chum salmon reached 42.9 
and 41.4%, respectively. IH NV was not isolated 
from either of the con lrols (Figure I). 

No IH NV antigen was detected I d after injec
tion , but delect ion rates of infected blastomeres 
stained by immunopcroxidase were 50, 70, and 
50% a fter 2, 3, and 4 d . respecti vely. 8laslomeres 
of control eggs were a ll negative for IHNV antigen . 

MonalilY of masu salmon eggs injecled at the 
eyed stage reached 100% in the followi ng 7 d , and 
the concentrat ion o f IHNV reached more than 
IQMO TC ID 50/ fi sh . Cumulat ive mortalities 
reached 30.0 and 22.9%, respectively, in the MEM-
10-injttted and needle-pricked controls (Figure 2). 
The masu salmon eggs began to hatch after I d 
and a ll eggs had hatched out 5 d after injection. 

Cumulative morta lities of chum salmon eggs 
injected with IH NV strains ChAb and Chlw were 
9 1.1 and 88.9%, respectively. The IHNV was re
covered and 9 dialer the infecti vi ty reached more 
than 10MO T CID50/fish (Figure 3). The chum 
sa lmon eggs began to hatch after 3 d and all eggs 
had hatched 13 d after injection. 

Pathogenicity 0/ Virus Strains 

Cumulative morlal ities of I-month-old masu 
and chum salmon aniflcially infeeted with IH NV 
RtTo strain were 90 and 20%, respectively, a nd 
fo r the sac fry (i .e .. fry with yolk sac remaining) 
of chum salmon infected with IHNV strains RITo, 
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FIOURE I.- Infectivity ofi nfecl ioll5 hematopoietic ne· 
crosis virus (IHNV, strain ChAb) and cumulative: mor
talities in eggs of masu and chum salmon after injection 
ofl HNV (dose. 10).1) TC IDSO/egg) direct ly inlo the yolk 
of eggs immediately after fenili'l.a tion. Control eggs were 
injected wi th Eagle's minimum essential med ium with 
10% fetal bovine serum and no virus. Key: e, masu 
salmon C88S injected wi th lH NV: . , chum salmon eggs 
injeclCd wi th IHNV; O. masu salmon eggs without lHNV 
(contro]s); t:.. chum salmon eggs without IHNV (con
trols): 1. actual value below detectable limit. 

ChAb, and Chlw were 26, 6, and 28%, respec
tively (Figu re 4). 

Effecl a/Egg Componems on INN V 

Infcclivity of the IH NV strain ChAb decreased 
rapidly when the virus was mixed with homoge
nized yol k contents fro m eggs just after fertiliza
tion . This rapid rate of IH NV reduction in the 
fertil ized eggs was observed before the eyed stage. 
However, the infectivi ty of the virus mixed with 
yolk components from eyed -stage eggs continued 
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FIGURE 2. - Infectivi ty of infectious hematopoietic ne
crosis virus (I HNV, strain ChAb) and cumulative mor
talit ies in eyed eggs and sac fry of masu salmon after 
injection of IHNV (dose, 10" " TCID50feSi) directly 
into the yolk or eyed eggs. Control eggs were injected 
wi th Eagle's minimum essential medium wi th 10% fetal 
bovine serum and no vi rus (group I) or needle·pricked 
only (group 2 ). Key: ~, test group; 0--0, con
trol group I; 6--6, control group 2; ....... , dead egg; 
... .. _--.... dead fingerling: 0- . '--0 , li ve egg; 6 · .. · ·6, li ve 
fmgerl ing; 1 , actual value higher than detectable li mi t. 

to decrease graduall y (Figure 5). The masu and 
chum salmon eggs in this study reached the eyed 
stage 15 and 20 dafter fert ilil.alion, respectively. 

A reduction o f 8 1 and 60% in the number of 
IHNV plaques resulted when the virus was mixed 
with 100 ~g of cephalin or 1,000 ~g of phenylal
an ine fo r only 30 min (Table I). No plaques ap
peared when IH NV was cultured wi th the overlay 
medium conta ining I ,000 ~g of either glutamic 

I 



• 

VERTICAL T RANSMISSION Of IHNV 17 

• 

Ch- Ab 

" 

4 

~ --l ,.l.---..!. 
(1"--""'" 

: . . , . , : , · , · . · . .' 1--0 ~ .. -~ t.? 
- -.;;t , 

"..J. 

4 6 12 1. o 

'6 

Ch- Iw 
Iii I _1>""-"""-"""' --66 

tr' : · , • • • • " / : . 
'\ :,._/>"-----<0 

\,../ ,/ , 
4 8 12 1. 

POST - INfECTION ( DAY ) 

FIGURE 3.-Infectivity o finfcctious hematopoietic necrosis virus (I H N V. strai ns ChAb and Ch lw) and cumulative 
mortali ties in eyed eggs and sac fry or chum salmon a fter injei:tion o f I H NV (dose_ 10) 11 TCID50/eg) directly into 
the yolk of eyed eggs_ Control eggs were injected with Eagle' s minimum essential medium with I~ fetal bovine 
serum and no virus (sTOup I) or needle-pricked only (group 2). Key: .--._ test group for ChAb: 4--4 . lest 
group for Chlw, 0--0. cont rol group: 4 -----4 , dead fingerling: G----o. liye egg: 1::.-----6., li yc fingerl ing: I . 
actual yaluc higher than delectable limit , 

acid. pyridoxal phosphate, or folic acid , and the 
number of plaques was reduced 69 and 44% when 
the overlay medium contained 1,000 Itg of tryp
tophan or ascorbic acid, respecti yely. Other com
pounds d id not reduce plaque compared with the 
controls. 

Discussion 

We previously reported that susceptibili ties o f 
masu and chum salmon fry to IH NV were differ
ent (Kum ura et ai. 1982). In this stud y, we quan
tifIed the mortal ity from infcction by onc strain 
of IHNV in both of these salmon species and by 
each of two additional strain s in chum salmon. 

From our results, it appears that IH NV is in
acti vated when the virus en ters the egg with the 

sperm. The lack of mortality among the fo ur groups 
of lHNV-contaminated eggs and our fai lure to de
tcct thc virus in or on fcrtilized cggs corroborate 
the findi ngs of Amend et ai. ( 1972) a nd Amcnd 
(1975). al though our study should be repeated with 
a largcr sample size. T his explains the success of 
thc combi ncd iodophor trea tment (to kill virus 
outsidc the egg) and subsequent incubation of eggs 
in virus-free water to prevent IH N. Fish hatched 
from eggs treated in this manner have no prob
lems with IHNV in fcctio n if they arc ma intained 
in virus-free condi ti ons until they arc past the 
IHNV-susceptible stage. 

When the vi rus was injected di rectly into the 
yolks of fert ilized eggs. Ihe high mortali ty among 
the test groups was attributed to virus infection, 
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but conditions inside the egg apparently were nOI 
suitable for the continued survival ofIHNV. Burke 
and Mulcahy ( 1983) reported that IH NV inrectiv
ity was stable in egg homogenates ohockeye salm
on but the inrectivity or IH NV decreased when 
the virus was mixed with homogenized yolk con
tents rrom rert ilized masu and chum salmon eggs 
in our study. Furthermore, we were able to dem 
onstrate the ability of seven salm on egg compo
nents indi vidually to decrease the inrecti vity or 
IHNV substan tially; we have yet to determine 
whether these eomponeniS act indi vidually or syn
ergistically in ovo. 

The abili ty oryolk homogenate to reduce IH NV 
inreetivity was greatest ror eggs immediately after 
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rerti lization and decreased as eggs approached the 
eyed stage. The rate or decrease relative 10 stage 
orincubation was sim ilar in intact rertilized eggs. 
The inrecti vi ty or lhe virus did not decrease when 
IHNV was mixed with homogenized yolk con
tents rrom eyed eggs. These results suggest that 
anti-IH NV acti vity in salmon eggs becomes too 
low by the eyed stage to thwart the virus Ix.-cause 
the amoun ts or yolk com ponents with anti-IHNV 
activity have dccreased. Ando (1962a, 1962b), 
Suyama and O8ino ( 1958), and Takama et al. 
( 1969) reported that the concentration or ratly 
acids, especially acetone-insoluble lipids (e.g., 
cephalin, lecithin, sphingom yelin, and cerebro
sides) decrease rapidly during embryogenesis. 
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FrOURE 5.-Survivabi lity of infectious hematopoietic necrosis virus (IHNV. strain ChAb) in the yolk contents 

of masu and chum salmon at different stages aner fertilization. Key: e, immedia tely after fertili7.ation; • . 5 d aner 
fcrt il i;.:ation; . 10 d a ficr fertili7.ati on: 0, ] 5 d aner fertilization: 6., 20 d aner fertilization: D., 25 dafter fertili7.ation; 
and " value less than detectable limit. 
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TAIILE I.-Effecls of salmon egg components on the 
infectivity of infectious hematopoietic necrosis virus 
(IHNV). 

Plaque reduction ('Mol 

Coneen_ Direct ,~ . Mixed 
tration reac- treat- with 

ElIII compOnent (p.iVml) tion" mcmb overlay< 

Amino acid 
... AlIpani<: aeKI ' .000 " " ) 

L-Glutamic acid .. 000 ) " '00 
m..-Phenyla l.nine ' .000 60 - ) , 
L_Tryptoph.n '.000 " " 69 
l-Tyrosine .. 000 " " - n 
... A";ninc ',000 , 

" 0 
L.Lysine '.000 7 " -, 
... Histidine .. 000 0 l 0 
.... V. linc ' .000 , 2 -, 
DL_Alanine '.000 , 22 2 
L-L.eucine .. 000 , , - 22 
DL- lso lcucine .. 000 9 , -, 
DL-Threoninc .. 000 " " - l 
.... Scrinc ' ,000 - l - 7 , 
Dl.-Meth ionine .. 000 2l • ) 

l-Cysteine .. 000 , 
" -7 

l-Proline ',000 " -, lJ 

Vitamin 
Ascorbic .cid .. 000 7 - 2 .. 
Pyridoxal phosphate ' ,000 - w " '00 
HiOl;n ' ,000 9 - , " Folic acid .. 000 -., '00 

lipid 
Leci th in '00 - 7 " 0 
Cephalin '00 " 60 " Sphingomyelin '00 " " 0 
Ccrebrl»ides '00 3S 7 - l 

" IH NV ... , m;u~d with O'JII component and allo~ 10 react 
for 30 min al I S'C. 

b Egg compOnent wa •• dded to cell culture medium and re-
moved by tWO successive washes nf llan ks· balanced salt sol ution 
JUSt before viru~ inoculation. 

C Componenl wlU added to overlay medium aOer virus inoc_ 
ulation. 

Mulca hy and Pascho (1985) isolated IH NV from 
dead eggs and suggested , therefore, that eggs play 
an important role in the vertical transmission of 
IHNV in salmon. We confirmed the susceptibility 
of salmon eggs and fry to IHNV, but on ly from 
the eyed egg stage onward. When IH NV was in
troduced o nto the surface o f either male or female 
gametes, or both , it had no effect on embryo mor
tality, and IH NV could not be detected in the eggs 
after ferti li7.ation. There fore, we concluded thai 
di rect vertical transmission of IH NV 10 salmon 
progeny is doubt ful. 
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