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1. Positive samples and standards will show the following patterns on
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1 2 3 4 . 5 6 7 M

Lane 1: standard 1, 2000 copies/reaction
Lane 2: standard 2, 200 copies/reaction
Lane 3: standard 3, 20 copies/reaétion
Lane 4: ddH,O ;

. Lane 5: sample of severe VNN mfectxon
Lane 6: sample of light VNN infection
Lane 7: VNN negative sample
Lane M: molecular weight marker, 848 bp, 630 bp, 333 bp

2. Diagnostic procedure:
a. band formed at 289 bp only: light P(+)
b. band formed at 289 and 479 bp: medium P(+)
c. band formed at 289, 479, and 1 160 bp: severe P(+)
d. band only formed at 665 bp: VNN negative N(-)

el pliiiad KOs g cus glaialy 117 o jledi gl



M o igillan) s aas 5555 solay dalllas

o) Olodld G578 (SHbals lake oSl oo Oliudon gl (@

Mrbu“;‘ﬁ‘ dhl.n u"’uj’ .JJ).A VO a:LA.UjAYVJ,&A}v.&g-)‘ 1Q2000 s:a:f)‘ obu.‘.'.wH.:RNA C‘ﬁm‘
YO 5 IA O LY &S 35 Do doysY 58T U5 555 2 0T 555,50 Lok ol el RNA oS

(PA 55V 51 5La5) 35 RNA onlin 2] il 125 oS 3 8 okalia bp

Mo Y T U589 » ol zl P! RNA (s Y oslo g o

51 S Nested RT-PCR J guzmes 5 555 2SI S () 53 bp £5O Ll odalin (oS ol gy ulad

.Jﬁd%‘})}ﬁ@‘ﬁ‘@bwuduﬁ}aj)}w}ﬁj‘.}j}ﬁj(dﬁ



Sl sla b ol GBS /A

Sl (Pl piz 3 o (S 4905 Nested-PCR guls Aoslon g
hg0s Vo YA bp o J 487 (Ao J 5 ¢ (YT bp 917 bp « ALA bp) S sk towly 4 o 3
(Vo bp ) e

(FN 1S Slal 8192 3T ouking (z
3 e (BL Sl 405 1 0dd | pural &S 5 sl (695 2 Il A o ks plnil o o 55 55 iole3T ol
b33 ad- s 53 5 055l 5 NS (slgilinl (s3bo (sl o 5l ks oo (Il oS (1,15 JUST OLale i
oS Joadly s ol el .28 8 plomil e Olale (L 0 o b ol il SSN-1 (sld sk (555
g UL g g 53 e 5 Oloals ol 5 ke C3L )5 g 910 S RNA 5 5 &S = 1Q2000
SLLl g L g Sus b (g ke 53 FVAbp 5 YA bp (slalil sdaline 4S5 5 5 sl 45 55 CPE (gl 515 SSN-1
ol 2lgl a4 #PObp UL 5 2t sl dged 53 5 L sdalive (6 ke L Dl 3770 bp 5 YA bp

.(V'j 79 ﬁj@)-\.&



9 /...cGJLﬂ‘J@)wJJﬁJHJJﬁGJL&ﬁNUﬂA

665bp |

289bp

Nested-RT-PCR _fgaxo 33499 I 11 o 5lods g guai
b Sagae JloveT Ly Cuke diged 3l ol

(1Q2000 ™ S™ 1 J gz VNN jeis CuS 5l eslinl b )Cuie (sla 4 503 (5l 5 289bp L3

M: JsSSpe 055 S0l 3: 93 o)l e 4 g
N: e J S 4: 55 0sled olor 4500
P:Cte S 5t 4 0 led e 4 god

15 S5 o led jre 4 god 6: 4w o)led (o 4 gal
2: 65 o5lad i 45l

sl 0k 4 b (6D Oliale 1 ka3 5 g0 CDNA 4405 &S5 ol s



Slhias 5l £k ol SIS /AY

848bp
p— 665bp
—
630bp 479bp
289bp
333bp

CPE (51518 SSN-1 (5lg! gl 31 Juol> Nested-RT-PCR guazxo 33999 I ¥ 0lads 5 gucti
(1Q2000 ™ 8™y Jguasme VNN sl ™ 31 08likel b ) Coudto (Sl 45903 (51 9 289bp Wb
M Jgge 039 LS
N: o J
ORI
1&2: ad (0 QUi 1) 665bp Wil 45" 0387 ;ué SSN-1  Jghw & 4
30 S oo OLii 15 665bp § 289bp Wil 45 6593 SSN-1  Jgkw 6 i
4: aBd o0 OLii 1)479bp §289bp Wil 45 659IT SSN-1  Jgkw 6 i

S9N P9Rug K B -1 -

J515 55 55 pane g oite (BT (g9 D03 (G5 SIS S 25 53 (B &S50 sl dblis 5o
(V\Jg.;')w\a;’ ‘szfo)\.u YO-Y nm);.'ba PIAS be LS"»’J'EJ o)"ub" A odalie J}j;b 0)“9.1.5



AY o qgillan) cusnyg (e 55055 (solass dalllas

Db a4l 50 plaio 15T (S118 9 a5 150 Jeb 4 w9 291083k DD paal YY) o lad p gl
w99 Sl Jaums 031990 .l 0895 ki Alise glaw 38 & (Lauratus) y ¥ Sbyd oMb Jbs
(Y10-X S99 28wy Ko b 2leid 53 ) (OIS ) cul Laskin

(Challenge )‘S)Lv 4?'9.0 al’b -¥-1

¥ bl 18 (il 4g>1g0 -T-11-)

23 55 Sl (b e S 5l e A edalie a ale 53 (s)lew (L WIS sl 55 10 KR C I
Sils aelsl Ll sl 5l e 59, VO Uy ST Hles 53 8 b Come

(ole b sls o ot (S35 0pm 0 (S5 (ol o 3l ay Sl odd edalie (L WM
Gbls Jii.s 9 o4l 3 gl> 55 b (s i 9 Belly-upe Darting (gliic d“g"; ab s>ee CL...S\
(ARFPWSHRNY

38 G5 8505 S35 5 o el T Sl gy g Y e slls gl Al
Sope b e 4SCE 55 5 e N E 4 s, o5 5 s 0¥ STy pulis o Glo )
2l gmwg&el{

VY slai)s y e 5 idw Cals) s .\i:;(quIHC}IFAT Gl i3T5 s m gla oy p o
(VF,

QL 1y s s ol 50 2SI Sy Koo 55 s g siie (§520T 5 gl glid g s (oo )3
(V55 VO o led s sluas)sls



isia3 sla b ales SIS /A8

et ) p
: P ' I g2
{ ¥
, e
584 o W ® » .
Ll 9%, ..
N S i

:’”LQ)’T e Py <
o™ 20 Sl A8 5 g b dicl € 4galg 10 &5 995 (Bl 3o Sl xade VY o ol g e
" L 23° ) 3 YY ool .
AR (0 VLS o (S puS 15 08k 33 1) (Sl 0945 — (S (S L1UST y (| o Fhamd o
S giges!
(H&E, 100X )(0l<s) "



A0 [ qgilulin) (pugins (aas 55058 (olass dalllas

s < ; i
b1 38 Sl 4B B w99 b dicle § 4g>Tg0 30 45 95 Blo o Sl alaio :YE o kol g g
DB (0 UL 30 (S S B 00l 10 1) (ST 0948 — I (S I 5 ounlh gunad 95 9 |
(H&E, 100X )(0l<s)

O3 uled 9 b e (81518 9 Mo (295 (B 3o I (59 580N Le%w. Ko poai (Y0 oxled pogad
(8318 Cllan 1 Nilw! VNN (w9 39 03161 b w9 399 D153 Slasl (S o5 o 310031) (Virus particles) w9 29



a3 sl 0ok ales GBI/

9 b e 110 9 Mo (995 (Plo Fo S (F9 AN P98 S0 29 VT 05lods g
(Virus particles) w9 519 <055 i lod

09 08 Oldlo 4 (S 3kw dgrlge —F-11-¥

5368 a5 Iolanal s (oSt 4 s gl S an obos o= g9 G5 S om0 T
)35 odaliin LB Lgal bl 55 g o HET 5 G5 0 @Ihe JLEE WIS 55 5 s s Lo slgas S
OIE Ol il 3 sisloST 4 S (sla ialesT plonil g (315 (sla 575k (sl 46 505 (VY o jlos
5 Real time PCR ;-5 9 THC O goman ‘_,_J.:Ag;" sla ui\ibjT}g Olal a5 us Jle ) Prof.Bovo Cag WUl s
w,ﬁ)%ig.(ao,wW).aﬁ&;ﬁuﬁ@w«f;b(w‘;u,\&u45,,;6,”|, Nested PCR
.\igfa.uu,‘v_:@))_;uﬁ%moﬂv,:;\“ﬂ‘u:;pcuu,w,ﬁamrwwuwT&u
Sl 35 o 5 gLl o cambes b 5 0¥ S5 oM 3l pn (5 53 4T (61 55K
(Y BVA o lad s glad)uils



v /""(5‘.)“““".5)‘;“‘\’):\’(,#‘6‘5\,)5:‘6)"‘5:' u.an.a

Ol A 31 o 095 08 Obdle 43 LS AT VY okl pead

(H&E d0X) (b Ol<y) duxio S J999519 (1510 099 08 (Blo 43w i &daio YA o)led poad



Slhia 5o £ ol GBS /AA

SS90 Olgly5 Sy J939519 (51518 U995 08 (Ao dm 3o alade (YR o)led g g
(H&E ¢ 20X)

(B OIS ) S s s 50 Olgl 5 Sy Ja5a519 (51510 199 08 Bl dom 320 xdado A o)led poad
(H&E ¢ 20X)



A4 o igiblan) (quignn aas 5905 (olay dalllas

(B OISy S gl pisms 50 U915 Sld Ja3a51g (51518 g0 08 Bl dom 320 alade A) oyl g
(H&E (20X)

(B OICe) 01915 sy Joia519 S1H18 U9y 08 Al dm Sl Loy abaio AT o kol g g
(H&E (20X)



SHiia3 5o £ ol SR NN

B Ols 1915 S Jg5s5 18 1318 099 05 Blo dow ELBIN v o AT 05l g
(H&E ( 10X)



AR /-..t‘s‘}h‘d?)w\’#‘,‘ﬁu&}\,ﬂ&‘)%wb

&5 obdk 53 Sy slow 9 Ol JU 50 b S o - rosleds Jou

ol 3T o w3l pb
<.z CPE Jshe 228"

ke IFAT lejT
Cote Nested PCR s RT-PCR 2L 5T
ke Bl Olale 5o (BL wlis T
e S9N @Ky Sn T
ot @5 Obabe 55 (55le 4l e
S @S Obale s L el T
ke oS Obale 3 THC islesT
Coe oS Olale ;s TFAT zlesT
e @ Obale )3 55 S Sy S oo T




i3 5o £l ol GIIS /N Y

SHbls Obabk yo S s x> V) osleds o>

o bo 3T o w3l el
s CPE Jok 28

i IFAT b7
s Nested PCR 5 RT-PCR 2l ;T
e ol s 53 (Bl solid T
e 05508 Obale amm 55 (5l agarl e
Cola 0305 Olale aom 53 (Bl wlid ol
e B35 05 Olale a3 THC LislasT
) Nested PCR s Real time PCR 2L 5T

555 Sole Jole s s 3l Hpdm 45 S35 ans Ol5 e 0dd ol la 2lejT 4 a5 L
G305 53 (J5 doy DU Sl 23T 55 (08 Olale 5 JUST Olale 53 (VNN) (o9 (onae
e 5 Gl (I dews SUT 4 ol ol 4 OUT Sl (5L 5l Olale 5 anlllas 350 (Lo
213 (6 5 peiteen g s Dladisd a4 JU c) () 5358 (Slulid LB Gt onlys ole Jule

33 6ol Olale gxdl LK 51,85 43 buw g odi plosil (63,50 anlllas 53 & sl Jb- )3
Sy A Ol 3 gl S5 o551 ide Lo o planil ol p3 S8 (lin oS IYAY i
Gobsls ale sde V¥ 5laws 34 0305 L3 b Cou |y OMS Okl L5 Sbos oawl VY 5 o5 8
5 he 3 450 YO Cw,;,@f)\;w)ﬁ;,yeuwopuﬂ,uwgswg,ﬂ
o o8 lejT 4 dhoolo SB35 25,8 513 (55503 3550 b s e S50 bl Olale al i
ab plowil Nested RT-PCR b5y b (J 580 50 Dlaale 3T aSas Jlayl 01l o ol 5 o5 ol 55
Sl g g3y L 51 (8 8 o wsad 17T dolas ) Jluyl (sl & g0l 55 90 S 51 5550 Hlec
AL gr ey Ol 3 4 ol B> 8 edlel St



VoY /...:G}Lﬂ‘d@)w\,#‘,‘ﬁu&‘}\,ﬁlg‘)%w&

VNN in Caspian Sea (2005)

B Golden grey mullet (moribund)

: No. 1-5 (eye & brain filtered homogenates)
M Sturgeon (healthy)

: No. 1-10 (eye & brain filtered homogenates)

Mullet Sturgeon
RT-PCR N-PCR RT-PCR N-PCR

S0 a U A WN -
1 T T T Y I I A

(Prof.Nakai) (5 OIE _yil 8 5 oo Lo 3T 31 8L 3o gl 1 AL o lowds  gua
(Nested-PCR s lo3T33 (3L 9 Sldlo 30 Cudo 390 & (gy5)

Sturgeon No.2 i Il P\M ‘ﬂ
Sample: nested I IU\‘ i
PCR positive :
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Caspian Sea Sturgeon 2005

Sturgeon no.2
SGNNV RNA2

701
Sturgeon No.2 AGGTTCCCCG
SGNNV RNA2

Sturgeon No.2
SGNNV RNA2

Sturgeon No.2
SGNNV RNA2

ACA
GTTCCATCTCTTGAGACACCTGAAGAGAC! “CATCATGACACA

/ 700

“TGAAGAGACC CACCATGACACA

ACAACGATTCCCTTTCCACAAATGACTTCAAG

AGGTTCCCTGTACAACGATTCCCTTTCCACAAATGACTTCAAG
751
TCCTAGGATCC

ATGGAGCAGCCTTCCAG
TGGA z _C

The sequence from a sturgeon brain (Sturgeon No.2)
was similar to that of RGNNV (SGNNV RNA2)

S gals7 g3 b =y 30 WS Oy i 9 Cuwdo diged il WBT b3l bt Ao kol pgai

390 9529 P59
Detection by RT-PCR
* Primer set: F1/ IPCR-Ra
Sample Sturgeon Mullet
No. Eye Brain Eve Stomach Liver Kidney Brain
] - - - 4 - 4
PO _
(8] - -
9 - é_
10 - &
5= BNAZ ORE 3
F1/ IPCR-Ra (35 D)
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CHAPTER 2.1.7.

VIRAL ENCEPHALOPATHY AND RETINOPATHY

NB: This disease is no longer listed in chapter 1.2.3 of the Aquatic Code.
This chapter has not been updated since 2003

SUMMARY

Viral encephalopathy and retinopathy (VER), or viral nervous necrosis (VNN) has been reported as a serious
disease of larval and juvenile and sometimes older marine fish that occurs almost world-wide except for Africa
(23). To date, the disease has been reported in at least 30 fish species, with the greatest impact being in sea bass
(Lates calcarifer [10] and Dicentrarchus labrax [2]), groupers (Epinephelus akaara [22], E. fuscogutatus [3],

E. malabaricus [6], E. moara [25], E. septemfasciatus [9], E. tauvina [4], E. coioides [/9] and Cromileptes
altivelis [34]), jack (Pseudocaranx dentex [27]), parrotfish (Oplegnathus fasciatus [33]), puffer (Takifugu
rubripes [25]), and flatfish (Verasper moseri [32], Hippoglossus hippoglossus [/ /], Paralichthys olivaceus [26],
Scophthalmus maximus [/]).

Virus particles of about 25-30 nm in diameter have been visualised in affected fish, and the agents in striped
jack, barramundi, and European sea bass have been characterised and placed in the genus Betanodavirus,
family Nodaviridae (5, 21). Immunological studies have shown relationships between striped jack nervous
necrosis virus (SJNNV, the type species of the genus Betanodavirus) and the other betanodaviruses. Genomic
classification of betanodaviruses has shown close relationships, with major groupings being SINNV-type, tiger
puffer nervous necrosis virus (TPNNV)-type, barfin flounder nervous necrosis virus (BFNNV)-type and red-
spotted grouper nervous necrosis virus (RGNNV)-type (27). Complete nucleotide sequences of RNAI and RNA2
of SINNV and GGNNYV (a grouper betanodavirus) have been reported (15, 29).

All diseases are characterised by a variety of neurological abnormalities, such as erratic swimming behaviour
(spiral, whirling or belly-up at rest) and vacuolation of the central nervous tissues. Usually there is also
vacuolation of the nuclear layers of the retina. In general, younger fish have more severe lesions; older fish have
less extensive lesions and these may show a predilection for the retina (23). Intracytoplasmic inclusions have
been described in brain cells of European sea bass, barramundi, Japanese parrotfish, and brownspotted
grouper. Neuronal necrosis has been described in most species.

Interesting differences with regard to the occurrence and severity of the diseases are shown in Table 1. There
are considerable variations in the age at which disease is first noted and the period over which mortality occurs.
In general, the earlier the signs of disease occur, the greater is the rate of mortality. Although disease
occurrence at the juvenile stages in some species is very rare, mass mortalities often occur at juvenile to young
stages in the other fish species, but usually do not reach 100%, indicating the age-dependence of susceptibility
(23). Mortalities have been reported in production-size European sea bass (18) and grouper (9), but even in
these cases mortalities were greatest in younger fish.

It has been demonstrated that vertical transmission of the causative agent occurs in Pseudocaranx dentex and
this fact is reflected by the early occurrence of clinical disease. This finding led to the successful control of VNN
of larval striped jack, where elimination of virus-carrying broodstock by reverse-transcription polymerase chain
reaction and disinfection of fertilised eggs by ozone were applied (20, 24). Paradoxically, ovarian infection has
also been reported in Dicentrarchus labrax in which disease is usually not seen until about 30 days post-hatch.
The mode of transmission/introduction of the viruses, other than in gametes and by cohabitation, has not been
demonstrated, but the possibilities include influent water, juvenile fish held on the same site, and carriage on
utensils, vehicles, etc. It is possible that these small viruses are quite resistant to environmental conditions (8)
and therefore readily translocated by commercial activities. Vaccination using a recombinant capsid protein is
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at the experimental stage (14, 30).

Table 1. Important features of VER/VNN of larval and juvenile fish

Earliest Usual Latest Usual Highest

onset |occurrence of . .
occurrence of of new mortality | mortality
disease . rate rate
disease | outbreaks

15-18
Lates 9 days days |>24 days post- | 50-100%/ | 100% in
calcarifer post-hatch post- hatch month <1 month
hatch
25-40
Dicentrarchus 10 days days | Body weight
labrax post-hatch | post- | 400-580g | 10%/month |-
hatch
Oplegnathus 6(25 mm ) <40 mm total ) Up to
fasciatus total length length 100%
9-10
Epinephelus 14 dayspost- | 40 mm total Up to
hatch (7-8 mm 80%
akaara total length 100%
total length)
length
20-50
Eplneph?lus i mm i 50-80% i
malabaricus total
length
1-4
<20 days post-
Pseudocaranx 1 day days hatch (8 mm 100% i
dentex post-hatch post- total length)
hatch g
Scophthalmus <21 days i Body weight i Up to
maximus post-hatch 50-100 mg 100%
DIAGNOSTIC PROCEDURES

Presumptive diagnosis of viral encephalopathy and retinopathy (VER) or viral nervous necrosis (VNN) can be
made on the basis of the appearance of vacuoles in the brain, spinal cord and/or retina as seen by light
microscopy. However, individual fish with the presence of only a few vacuoles in the nervous tissues pose a
difficult diagnostic problem.

Virus particles can be visualised in affected brain and retina by both positive and negative staining. In positively
stained material, the virus is mainly associated with vacuolated cells and, especially, any inclusions. The reported
particles vary in size from 22 to 34 nm arranged intracytoplasmically in crystalline arrays, or as aggregates and
single virions both intra- and extracellularly. The virus is nonenveloped and icosahedral in shape.
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All betanodaviruses can be detected by the indirect fluorescent antibody test (IFAT) or immunohistochemistry
with a rabbit anti-SINNV serum (12, 16). Most can be detected by reverse-transcription polymerase chain
reaction (RT-PCR) with a single primer set designed to amplify the T4 region (427 bases) of SINNV coat protein
gene (27, 28) (this primer set can be used for detection of all the genotypic variants of betanodaviruses with only
one exception [31]). Although other immunological methods, such as the enzyme-linked immunosorbent assay
(ELISA) or neutralisation test, are available for virus identification, they can only be used for some of
betanodaviruses because of limited serological information.

The betanodaviruses can be cultured in a fish cell line, SSN-1, which is derived from striped snakehead (7, 16).
A clonal cell line, E-11, derived from the SSN-1 cell line is useful for qualitative and quantitative analyses of all
the betanodaviruses (17). It is notable that both SSN-1 and E-11 cells are infected by a spontaneously productive
C-type retrovirus designated SnRV (13, 17).

Due to insufficient knowledge of the serological responses of fish to virus infections, the detection of fish
antibodies to viruses has not thus far been accepted as a routine screening method for assessing the viral status of
fish populations.

Fish material suitable for virological examination is:

Asymptomatic fish (apparently healthy fish): whole larvae or small juveniles; brain, spinal cord, and eyes for
larger size fish and/or ovarian fluid from broodfish at spawning time.

Clinically affected fish: whole larvae or small juveniles; brain, spinal cord, and eyes for larger size fish.
Sampling procedures: see Chapter I.1. Section B.
1. Standard Screening Method for VER/VNN
1.1. Isolation of betanodaviruses in cell culture
Cell line to be used: SSN-1 or E-11 (a cell clone of SSN-1)
a) Inoculation of cell monolayers

i) Fish samples are homogenised with nine volumes of Hanks' balanced salt solution
(HBSS), centrifuged and filtered (0.2 um membrane filter).

ii) Tenfold dilutions of the virus filtrate are inoculated in monolayers of cells cultured using
Leibovitz L-15 medium or other medium supplemented with 5% fetal bovine serum
(FBS). Inoculate at least 2 cm?” of drained cell monolayer with 100 pl of each dilution.

iii)  Allow to adsorb for 1 hour at room temperature, add the medium supplemented with 5%
FBS and incubated at 20-25°C.

Note: Optimal growth temperatures are different among the four genotypic variants: 25-30°C
for RGNNV-type, 20-25°C for SINNV-type,
20°C for TPNNV-type, and 15-20°C for BENNV-type (16, 17).

b)  Monitoring incubation

i) Follow the course of infection in positive controls and other inoculated cell cultures by
daily microscopic examination for 10 days.

ii) If cytopathic effect (CPE) appears in those cell cultures inoculated with the dilutions of
the tested homogenate supernatants, betanodavirus identification procedures must be
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iii)

undertaken (see Section 1.2. below).

Note: CPE in SSN-1 or E-11 cells is characterised by thin or rounded, refractile, granular
cells with vacuoles, the monolayer then partially or completely disintegrates (7, 16).

If no CPE occurs after 10 days of incubation, subcultivation of the inoculated cell
cultures must be performed.

Subcultivation procedures

i)

ii)

iii)

Collect aliquots of cell culture medium from all monolayers inoculated with organ
homogenates.

Inoculate cell monolayers as described in Sectionl.1.a.

Incubate and monitor as described in Section 1.1.b.

1.2. Identification of betanodavirus isolated in cell culture

a)

b)

Indirect fluorescent antibody test

i)

ii)

iii)

vi)

vii)

viii)

Prepare monolayers of cells in 2 cm” wells of cell culture plastic plates or on cover-slips
(or chamber slides) in order to reach around 70% confluency, which is usually achieved
within 24 hours of incubation at 25°C.

Inoculate the virus suspensions to be identified by making tenfold dilution steps directly
in the cell culture wells or flasks.

Incubate at 20°C or 25°C for 48-72 hours (See Section 1.1.a. Note).
Remove the culture medium, rinse once with PBS, then fix with methanol for 10 minutes.
Allow the cell monolayers to air-dry.

Treat the cell monolayers with a rabbit anti-betanodavirus serum for 30 minutes at 37°C
in a humid chamber, and rinse four times with PBS-Tween 80 (PBST).

Treat the cell monolayers for 30 minutes at 37°C with commercially available fluorescein
isothiocyanate-conjugated anti-rabbit Ig antibody, and rinse with PBST.

Examine the treated cell monolayers on plates immediately, or mount the cover-slips
using glycerol saline, pH 8.5, prior to microscopic observation.

Reverse-transcription polymerase chain reaction

i)

ii)

Total RNA is extracted from virus-inoculated cells by a commercially available RNA
extraction kit according to the manufacturer's instructions.

There are several published primers for RT-PCR amplification of betanodaviruses.
Primers, R3 (5'-CGA-GTC-AAC-ACG-GGT-GAA-GA-3') and F2 (5'-CGT-GTC-AGT-
CAT-GTG-TCG-CT-3"), designed to amplify the T4 region (427 bases) of SINNV coat
protein gene, are available for all genotypic variants (27).
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2. Diagnostic Methods for Clinically Diseased Fish

2.1. Direct detection in fish tissues

a)

b)

c)

Indirect fluorescent antibody test

1) Fish samples fixed in 10% buffered formalin are dehydrated and embedded in paraffin
wax. Deparaffinise sections and rehydrate to PBS.

i) The sections are treated with 0.1% trypsin in PBS at 37°C for 30 minutes.
iii)  After washing with cold PBS, proceed as described in Section 1.2.a. steps vi to viii.

iv)  Specific fluorescence is observed in the cytoplasm of the affected cells in brain, spinal
cord, or retina.

Immunohistochemistry (avidin-biotin-alkaline phosphatase technique) (12)
i) Prepare paraffin sections as described above in Section 2.1.a.

ii) Add a blocking solution, for example 5% bovine serum albumin (BSA) in Tris-buffered
saline (TBS) for 20 minutes.

iii)  Incubate with the anti-betanodavirus rabbit serum for 30 minutes, and wash in TBS.
iv)  Add biotinylated goat anti-rabbit Ig for 30 minutes, and wash in TBS.

V) Add streptavidin alkaline phasphatase complex, incubate for 30 minnutes, and wash in
TBS.

vi)  Add fuchsin chromogen reagent for 5 minutes, and wash in tap water
vii)  Counterstain with haematoxylin.

viii) A positive result is indicated by red colour.

Reverse-transcription polymerase chain reaction

i) The fish sample is homogenised with distilled water treated with 0.1% diethyl
pyrocarbonate.

ii) Centrifuge at 10,000 g for 10 minutes.

iii)  Using the supernatant, continue as described in Section 1.2.b.

2.2. Virus isolation in cell culture

See Section 1.1.
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NB: There are OIE Reference Laboratories for Viral encephalopathy and retinopathy (see Table at the end of this
Aquatic Manual or consult the OIE Web site for the most up-to-date list: www.oie.int).
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SPECIMEN CODES

TYPE CODE DESCRIPTION
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KD KIDNEY
HE HEART
LI LIVER
SP SPLEEN
SB SWIM BLADDER
GI GILL
SK SKIN
WB WHOLE BLOOD
PL PLASMA
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EY EYE
GO GONAD
SP SPERM
OF OVARIAN FLUID
EG EGG
FR FRY
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BO BONE
SC SPINAL CORD
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SAMPLES: Sturgeon fry and Mugil Klunzingern ORIGIN: IRAN

Iran Fisheries
Research Organisation | N°IZS Ve Tissue Species Histology IHC for Real-time PCR for
Identification Nodavirus Nodavirus
_'\'O
191 Eye Sturgeon Unsuitable sample Unsuitable sample | Unsuitable sample
191 Brain Sturgeon Presence of vacuolisations Negative Not performed
widespread in the encephalon
and spinal cord
192 Eve Sturgecn Unsuitable sample Unsuitable sample | Unsuitable sample
192 Brain Sturgeon Presence of vacoolisations Negative Not performed
widespread in the encephalon
and spinal cord
19/3 Eye + Brain Sturgeon Presence of vacuolisations Negative Not performed
widespread in the encephalon
and spinal cord
19/4 Eye + Brain Sturgecn Presence of vacuolisations Negative Negative
widespread in the encephalon
and spinal cord
19/5 Eye + Brain Sturgeon Presence of vacuolisations Negative Negative
widespread in the encephalon
and spinal cord
19/6 Eye + Brain Sturgeon Presence of vacuolisations Negative Not performed
widespread in the encephalon
and spinal cord
19/7 27119 Eye + Brain Sturgecn Presence of vacuolisations Negative Not performed
widespread in the encephalon
and spinal cord
19/8 27710 Eye +Brain Sturgeon Presence of vacuolisations Negative Not performed
widespread in the encephalon
and spinal cord
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Iran Fisheries

Research Organisation| N°IZS Ve Tissue Species Histology IHC for Real-time PCR for
Identification Nodavirus Nodavirus
'_\'O
19/9 Eye Sturgeon Unsuitable sample Unsuitable sample| Unsuitable sample
19/10 Eye Sturgeon Unsuitable sample Unsuitable sample | Unsuitable sample
201 Eye Mugil klunzingeri Unsuitable sample Unsuitable sample | Unsuitable sample
202 Eye Mugil klunzingeri Unsuitable sample Unsuitable sample| Unsuitable sample
20/3 Eye Mugil klunzingeri Unsuitable sample U ble sample| Unsuitable sample
20/4 Eye Mugil klunzingeri Unsuitable sample Unsuitable sample| Unsuitable sample
2005 Eye Mugil klunzingeri Unsnitable sample Unsuitable sample | Unsuitable sample
Brain Mugil klunzingeri Unsuitable sample U ble sample | Unsuitable sample
Brain Mugil klunzingeri Unsuitable sample Unsuitable sample | Unsuitable sample
Brain Mugil klunzingeri Unsuitable sample Unsuitable sample| Unsuitable sample
Brain Mugil klunzingeri Unsuitable sample U ble sample| Unsuitable sample
Liver Mugil klunzingeri Unsnitable sample Unsuitable sample | Unsuitable sample
Liver Mugil kunzingeri Unsuitable sample U ble sample | Unsuitable sample
Liver Mugil klunzingeri Unsuitable sample U ble sample| Unsuitable sample
Liver Mugil klunzingeri Unsuitable sample U le sample| Unsuitable sample
Liver Mugil klunzingeri Unsuitable sample Unsuitable sample| Unsuitable sample
23 Gills Mugil klunzingeri Unsuitable sample Unsuitable sample| Unsuitable sample
24 Brain Mugil klunzingeri Unsuitable sample U ble sample | Unsuitable sample
251 Spleen Mugil klunzingeri Unsuitable sample U ble sample| Unsuitable sample
2572 Spleen Mugil klunzingeri Unsuitable sample U le sample| Unsuitable sample
261 Intestin Mugil klunzingeri Unsnitable sample Unsuitable sample | Unsuitable sample
Iran Fisheries
Research Organisation | N°IZS Ve Tissue Species Histology IHC for Real-time PCR for
Identification Nodavirus Nodavirus
_'\'0
262 Intestin Mugil klunzingeri Unsuitable sample Unsuitable sample| U ble sample
27 Liver Mugil Flunzingeri Unsuitable sample Unsuitable sample| U ble sample

A lot of samples were in bad status of conservation. It wasn't possible to differentiate lesions caused by the conservation status from ones derived by

potential pathogens.

Legnaro Padua, 26 july 2010

Dr. Ginseppe Bovo ; Dr Terregino Calogero
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Abstract:

Viral Nervous Necrosis (VNN) is a worldwide disease affecting several species of cultured marine fish. For the
past two decades, betanodavirus infections that cause Viral Nervous Necrosis (VNN) have emerged as major
constraints on the culture and sea ranching of marine fish in almost all parts of the world. More than forty species
mainly of marine origin have been so far affected and this number is likely to rise in future following the
introduction of new species and the increase of aquaculture trade.

Unknown acute mortality occurred in wild golden grey mullet Lisa auratus and Liza saliens in Iranian waters of
Caspian Sea in recent years. In order to isolation and confirmation of causative agents of golden grey mullet
mortality in the Caspian Sea, a complementary research investigation project was designed in 2005 and approved
immediately in Iranian Fisheries Research Organization (IFRO). Many diagnostic aspects such as Virology (Cell
culture and Elctereone Microscopy), Hemathology, Bacteriology, Histopathology, Molecular biology (Nested-
RT-PCR), Heavy metals measuerment and Serology (IFAT and IHC) were employed in mentioned
multidiciplinary project. About 322 moribund fish samples which revealed skin darkening, erratic swimming
behavior such as spiral and belly-up at rest and high distention of swimming bladder. Suspected samples were
collected from coastal capture sites in iranian north proviences in 2006 till 2009. Targets tissue such as brain and
eye were removed in strile condition and then kept in -80°C frezzer for cell culture and Nested-RT-PCR. Other
tissue samples from liver, kidney, intestine, stomach, gill, skin and muscle, gall bladder and gonads were taken
and fixed in 10% buffer formalin and same parts fixed in glutaraldehyde 3% for histopathology, IHC and EM
respectively. Cytopathic effect (CPE) was observed in those cell cultures just six days after inoculation with the
dilutions of the tested 312 homogenate supernatants. CPE in monolayers of cells cultured (SSN-1 cell line) was
characterised by thin or rounded, refractile, granular cells with vacuoles. Nine samples were positive in virology
assay. Nested- RT-PCR was done on suspected tissue samples and supernatant of CPE positive samples and 21
tissue samples and all CPE positive samples were positive. IFAT was selected as a confirmatory method for
identifying viral strains replicating on cell cultures and carried out with rabbit anti-betanodavirus serum on
suspected tissue samples and some smears of CPE positive samples. Some bright points approved betanodavirus
antigen and confirmed cell culture and Nested-RT-PCR findings.

In fixed tissue samples widespread and massive vacuolation were observed in brain, spinal cord, retina and
optical nerve. In order to confirmation of diagnostic findings , IHC was done with monoclonal antibody anti-
betanodavirus and some red-brown points were observed. Theses findings revealed expected viral antigens and
confirmed previous results. Moreover, virus particles with 25-30 nm in diameter were visualized in infected
brain and retina using positive staining in TEM. Also pathogenicity test was employed to confirm the obtained
results. So Guppy fish Poecilia reticulata and sturgeon fry were used instead of the experimental host due to ease
of handling and susceptibility. After 15 days post infection, guppy bathed in VNN-infected tissue culture with
10* TCIDs, showed clinical signs similar to naturally infected Golden grey mullet, and the mortality rate reached
up to 100% in 75 dpi. When target organs were examined by cell culture isolation, serology, and histopathology,
all revealed the presence of virus in the Guppy. Suspected supernatant injected to sturgeon fry through
intravitreous injection and widespread vacuolation were observed in brain and spinal cord buy IHC and Real
time PCR were negative. In conclusion, with attntion to obtained results in this investigation such as ecological
factors, clinical signs, histopathological, virological and bacteriological results, molecular analysis, (IHC, IFAT,
PCR), TEM demonstration, serological and hematological findings, it could be confirmed that VNNV was the
main causative agent for disease outbreak in Golden grey mullet in Southern coastline of Caspian Sea.

Key words: Viral nervous necrosis, Golden grey mullet, Liza aurata , Liza saliens, histopathology , virology,
bacteriology, IHC, IFAT, PCR,TEM, Caspian Sea, Iran
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