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" UODUCTION or AHTI-IHFEcrIOUS IIEK.o\TOrOltTIC "ECROS IS VIRUS (lIIHY) SUnSTAlICES D'( INTESTINAL BACTERIA 

I.lIboratorr of Hlcrol.llolo"., Fa culty or rl sher lu. 
lIoUaldo Unhenllr lIakodale. lIokkaldo, 041 Japan 

Abstract. 
Tllr .. slralns or d$:r~.I. spp . vere Il o Jated 

(rolll IlItlt,linAI con t ont s or 111&"11 !llll lIIo n could 
Ilroduce antl -In t ec llou, helllalopolelic necrosis 
vi rus (1IittY) substance In , rowl h IIedl uM conl.lnll'll 
ext ract ( roM cOrMIerc lal rl s h rood pellets. Whan 
thul .nLlvlral bacteria was milled wllh fl.h rond 
a rid re d La rainbow troul a lld .as u sal~on, 
AUQMgIlIl Ipp. beCllne dOlll lnant In the Intestinal 
.. lcro(lora Ind anU 4 11111Y ac tivity WII observed In 
homOJenat .. o( the Intestinal contents or fish fed 
with Aerollonl\.l Ipp. These rainbow trout Ind "IIIU 

si l mon red AAr.OIMUlA.1 Sll/' . showed 1II0re reslsllncil "-t') Irt.lrldal InCection by IUHY . 

Inlroduc t.lon 
Prevlollll" we had InVelLl,aled (11h 

palho,.nl c v lrual. In an .""Illc envlronlllenL In 
order to IInder sl an!! lhllr sllrv l",,1 and 
Interactlonll rllaLi onshlps with bacteria ror 
tha praYantlon or rl s h v iral dlselSI In 
.iqulculture (YoshllJllzlI et al. 1985) . 

In • urle. of s tudi es on the .Ic roblal 
acosy. t e. , we r eported thal .. an 1 bactarlA 
prooucll1l anllvlral substances could be Iso l a ted 
rro. atlUllic env lrOllllloll t s SlIch as I.stcher,. wllter 
sllp pl,. , riv e r lJIo utb wnter. and bea c h wallr 
(Yoshl.hll et a' 1988, .lI.a.el et sl 198Ta ,b , c, 
lD 8Ba.. Khlurl . t II I 1989). A reprelcntallv e 
bacte ri a with anthlr ... 1 ac ti vi t ,. was claulrted IS 

f'lUslOIBJHl.U LJ.ul1l'~n. blOYllr I (Kuel el al . 
1988h). Thi s bllcterla prndll ced all anll-ylral 
substance dul,,,,,ted 4GtHI· 04A . 

I',·odllcllyll,. o r tho antlvlrlll 11I1I!!tnllce wn!! 
IIIc reased by usllli the bl o rea cto r syslem wltll 
bncterlal cll iis IIIIlIIob llhed o n al,ln.te beads 
(Yushhlll!:11 el III\. 1919) , When lll/iV lidded to nIh 
rfln l'lll' WIler 101". ,"lIl nd throlllJh the co lllllln of 
IlnIIIoblllzed bacte rial ce lh. III1lV In lhe re.rln, 
water WAI Inact ivated (Kimura and Yos hl",lr:u 19l1li). 
Thll sntl yl rel "'lint loin IdenlJrled al'! III p. pll!!e 
~ml Inllylral ac tivit,. was reco,tllllld .calllsl JIIHV 

u O~IV (MI .. ure et ai, 1990). 
In thll ,tudy. we l aol ateu bnelerl ll produc\nl 

1111 a nllYir .1 subatlllice rrolll the Intestinal 
• Icro rlora of .ssu lal.on (QDSQrhYncbY~ !AJQY) and 
u .ed this baclerl. to cont rol 'IIH In 
exper l .ent. lly c hall'''l e d raInbow trout (a.... 
!!!fklu) Ind IJIUU .. llaOn . Anti IIIHV sctlvlty Will 
al so d •• on. trat ed by plaque redu c l ion I n cell 
cui ture. 

l.lglaLlgo gr bU;Ltr !. prgdyslnA.J!U.1..:..l.1lHl 
JU bl lans" rrg. lb. I"lull",! "'Hpllgr. pr 
J • .ltMlo l.JL1J.a b 

On. ,ea r 4 ol d ""a ll sa lllloll cili tured .l • 
hatch.rles In 1I0kka ido were .... pl.d lo delerllli"e 
Int •• tlnal .. I c r oflora and COllnts o( vllbl. 
IllllsllDal baclerla. One Ilullur e d a'III 1I,IIt 
AerollQoa. SIlP, .slralns were !Creened r o r 
antiviral activity against III IiY by the 
melhod. or Kame l el a1. (1988a). 
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ft:ol,l\ I c:.~ I I"'_PC.Jl"~ I.:J UHL.a",I)II ~'II"-..IJLJ.J'LP ".l.r. "c: ~ 
~~II!!'I!l '· r. I. ,. Lr. I "ILtQR!l...JutI I !t~' 

Tho allll lt ,. or the bacteria to proiluCI "" 
an1l 4 111H V s uhshnce when ,rown In eXlracls at 
co_erolf,1 r.ed p.llel Will tested. 

lcoduoU on _ Q UO L l=lIlHlJllb I \ IOC.L.1n...1I.J.1.J 0 t.!L' U nrl 
oLul"b9'!1._~cgll~ _l!I!II _I"I1L.JI 1IIQQ 

Daclerla wllh Intlylral properties werll . I ~ed 
wllh nIh rood and red t o rainbow lrout and .as n 
lahllon ror 3 weeks. Counts or viable blllc leria ami 
percent eOlllpoa ltl o n or Aarg.pnu spp. In th e 
Intestina l .. lcro(1o ra at lhe rlah were dllterlllined. 

~b.UIOl" or ralnpow lCQuL.&rul lluII IIlm9.D 
Rainbow trout and Ina.u lalmon were uled t or 

IIxperimenta l Intectlon with IIINV. Fish wllre 
cha ll en'lId lIy Imme r l l on In 100 TCIO,o / ml Cor 80 
. In . 

Mol tc.lll , r_:I J ~ L..li...Jnll:JllllLtl~L.J!.c:aIDts:eLJ/ 1. 
Augmonu -'.lHI>. 

The cnlt ure rlulds or 2 6tt.QaQl\/J 1. strains H-
28 Ind J6 were Clnlr lCUled. snd tile enll·III~V 
IIcllvll), or supernatants we re d eler .. l ned srter 
ultra" Itrs ll on of 50,000, 20 ,000 Ind 10,000 
..olecu lar we l,hl cul-ort tllter, 

e CJHIII!: U OU .P LlMl: I UtfL.J.u~l.lI0,L.la.....L1J!l.lnlu.U PII 
IlLc.1,Il L \I rJ:.d.JIJ.IIIll.Ul IIOlLI.'l.(l..t.fl.l.nIxnLlr.9." \ 

aile ),elr-old IIIasu Isl .. on Ind .... Inbo., troul 
cu i lur ed st unlversltY'1 uperl .. ental station lod 
rllh ra rlll near lIakodate were sampled and an tl -I II IIV 
ac llYIl )' was observed In ho.o,e nate s o r the 
Intellln,,1 contenls . 

Results ",,,I Ollcus.slou 

l'.SIJ .III . t..lqll ._oL"I\~ t.u: l'.JI_r .~!l.tU:. JJ, J!. . _II 'I t I : . I.II H~ 
I.Y~.I.1JI1n.:L~lI' l I nl'" II na I II I erg Cl su:.I.-9J. 
".~III,I _ r l" I.1 

.1" 1111 IInllllnn cuI lured III 1I0kkaido won I""'I'lnd 
lo dolol'",IIIn Inlaa ll,,"1 IIIlcrurtor" snd COllilts of 
viable bn cler lll, Co unll ran,ed fro", 10 1 to 
10'CFU/I , Dacleda or lhe lenus AA..r.!l!!UlD.J~ aod 
r". II), r.I!Ir., ·nhll cter lllce.e wore lhe dOllllnllnl norll."I 
Intesl lllni III lcl'o rlor& oble t·yed In sallllollld (Ish 
tro .. a r.·lI lIh Wille r InvlrOll.llnt (Yollhl . lzu et .1. 
1918). The pe rcent cOlllpos l tion or WJ'-~'\ SI'p. 
III the Int es tinal III l cro rl ora ren,ed rrom 18 " to 
511 ", a",1 108 different slralna o r MDmIULU 8pp . 
were Isolated . Onll hundred and allht 6.1.£9..!OOII 
s pp . slralna were Icreen ed ror antiv i ral 

Tab l e I. III1111ber . o r baclerla show In, anll-IIIIIV 
Ictlylty "",onl 108 ~ IPP. Isolated fra. 
the Inhstlnal conhnh of .. IS U s al lllon 

Source PFU reduc ti on 

>10 " >0. , 
Hanlle (Unjy .) • ( OX) • '" Hanl. (Prlvale II .) • ( OX) • '" Ho r I II. 10 ( 13X' , 

'" Chllole II. • ( OX) • '" 
Total 10 11 ,., , ( ,., 
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Activity. TIII'ce ~tl'aln, dC!llllnAled H-26. /-1-36, ami 
H-38 I!lolated fro. flol'l lIatcliery, showed strollg 
anllvlral activity (Tal.ole I). 

ftgdwaiOD of II,n li-IUN'L.....tlltlI.1IDce In the Cl!t~ 
oC cgaerc:I.J.Llbb Coos! pe llet l! 

6ttQ!l!WIl .p. slraln /-1- 38 produced an antl­
IIINY substance In Irowth .ed l u. cOlltal nln, e:r.lracl 
fro. co_e r cle l (11h food pelletl (Table 2). 
Stra In H-28 a I so produced .n antl-lImV subs tance 
(dal. not shown). These resuits su"est that 
baclerla productn, 'ntl-WHV .ubstances could be 
eu lly IncorPQratad In to Lhe diets o r fish. 

T.ble 2. Antl-IIlNV activity of an eill racl or 
c~erclal rood pellets ho.a,enl:r.ed. slerlll:r.ed, 
.nd seeded with MalWlU sp. slraln H-38 

(hllet:Water) PfU reduction 

filler' Allloc]aved 

2 i5 ·C. , dllya 83.1 13.4 .. ·C • , dayS 88.1 14.5 

• i5 ·C. 0 dnys 81.5 17.9 .. ·C • 2 tlays G8.5 GO.O • U ·C • 0 dnn 88.6 04.5 
25 · c, 2 dayS 39.3 51.0 

-: niter sterlll1:allon uslns 0.45 UIII rliler 

J'nHllI" ~ J llIuI.L.Jn.L..l:..Illl:!Y..Jullil.l.llI!:..LllLlllUnJ..cl1.ln.c 
l!u .. 1 nlHIll_kml1. 

Arter 3 week., 6c..r..stagou spp. were lh e 
d_inant baclerl. In the Intestinal .lcro(Jora of 
bolh fish Ced bacLerla In their dlel (lesl ,roup) 
'nd nol led (control ,roup), .nd COUllts of vlab]a 
bacteria reached 10'cru/, (Tab l e 3). 

T.ble 3. Countl o r viable bacte ria ami percellt 
COlll>Olll l on or Intestinal .Icro rlora or r ainbow 
trout fed 6111:i!!K11lU sp. strain H-28 In their diet 

Group FI.h 
H,. Y II b I e ___ ~H~'~'~'~'~'~' :':":.~( ':':... __ blcterla-

II W.ll!l!2nU f.umiQ!!gUIl Olhers 

Test'l 1 4.3 x 10' 100 0 0 
3 ... • 10' " , , , ••• • 10' " 0 , 

Control'Z 1 1.2 • 10' " 0 , 
3 0.' • 10' 100 0 0 , 2.1 • 10' " 0 , 

_ I: 
Fhh r,d dUll!HInU sp, H-26 

_2 : Fllh not fed 6~1l sp. H-26 

Anll-iliHY activity ... observed 1 " hmlOlendel nr the Intutlnal contents of rainbow 
tr ..... t red 6!l[lI:P.RnllJ 311. K-26 I" ca-ercla l fecd 
( test Iroup) "d '" hOllolena tes " r! sh ',d 
IInll'eatari co.-erclal feed (conlrol,). lIowever, • Iii rrcrcn r:1I I" the IAve l of antlvlrl l activity WIS 
oblle rved (Tab Ie ') . The I eve I " antiviral 
IIcllvlly obslll've" In 1IOIIOIellllles or lIIe Inte sti nal 
contents of ". lesl Iroup was nearly as hi,h all 

that observed In the blore.clor 'rsle. (Yoshl .. l1:u 
et .1 1889). 

3« 

Table 4. AnU-lllHV IIclivity of the Inlc !llInnl 
conlents of rainbow trout fed 6erolDQUa.s sp. strahl 
H-26 In their diet 

Group ' I Antl-lliHYactivlty 
PFU raductlon 

Te,t-I 100 
Tcst-2 100 

Cont rol- I 100 
Conl r o l -2 100 

Kax. dilution 
s how i ng 90 " pru 

reduct i on 

• 20 
• 40 

• 10 
• 20 

' I: In tesl lna l conlllnts of 8 fish wera pooled 

l.I.lliY......cIlllllnu.....ll.L..al.nI&1l......WW..I.. 
Fish led d.U..IHMI.llU sp. H-26 then ' challenged 

with IIlHV had a 8.8 " IIOrtallty , during I .onth, 
while t he rllh not led the bacteria had a 29.2 ,. 
.ortalily. Fish fed but not cha ll e n,ed had a 3.3:re 
.-o rlAllty (Tllhle ~). This e~ perl.ent Ihow, thnt 
fi sh r eel 6,lU:'.ll!Ullt1..ll IPP. prior to an I 
challenged had ,reate I' reslshnce to Infectl on}.""."l 

Tnlole 5. Re~ull, of IIIHY chil li enge of rnilihow 
trout reftred fed 6CL.11l!1llJII~ sp. slraill H-2 6 I" 
their diet 

Group Water Te.p. HUlliber of Cu.ulatlve 
( ' C) fish IIOrtalllyOn 

Tesl" 13-15 30 ••• Control-I't 13-1 5 30 29.2 
Control-2'· 13 -16 30 ,., 
-I: FI . h red 6H..ll11QDU sp. /-1 -28 lhen challenged 

with 100 TCIO,. Cor 80 .In 
_2 : rlsh not fed 6tt . .III!!IiIOl.l. cha l lenKed wi th 100 

TCIO. D ror 80 .In 
'3: Fish IIOt led AccO!!Ooas but not chl l1enled with 

IIiNV 

frtldllc..JJJIo,.JIC anll-WHY lutl. llOCII 10 the InlCll tll\~ 
Ili.....IUIL...JA.i8ll0 

In the lecood part or this stud" •• su sal .,oll 
were fed 6lOl!lQ.OIJ. Ip. strain H-38. To "lecl the 
control tI 'h, Intestinal . Ic rotlora or "su sallllon 
cultured In our labontory was obaerved ~nd 

Table. 8, Counts or vlahle baeterlft and percent 
cOIliPosltlon of Inte.lInal IIIlcroClora of IIIt,sn 
sal.on fed 61I.~QflII IP. strain /-1 -38 In their diet 

Group Fi s h Ylftble HlcroClora (:re) 
Ho. bacteria 

(g) 6.nnmanu flIt.ll.d.o!mnu Olhers 

Test 1 4. 3 • 10' 100 0 0 
3 '.2 • 10' " 0 , , .. , • 10' 100 0 0 

Conl rol " 1.2 • 10' 01 0 3 . , 13 , .. • 10' 100 0 0 

" 2.1 • 10' " 0 , 
Control " 2.3 x 10' 0 100 0 ., 

" 8,1 x 10' 27 " 0 

" , .. • 10' 13 " 0 



IlntjYln l actiylty or Inte~tlnal conte n t~ Ilnd 
I,olllte, f ro_ I nte~lInal contenli'l "ere te,ted . 
Fl i'lh "Ith a naturlll I'OI'U l lltJon of prp,do_l nllnl 
~~ .r_o.,,!, unll.'- ~I'I'. IlII" '~II.e .ujto.IJ.QI " ~ 111'1'. I II the 
Inte,tl"al content' couhl bc foulld (Tnble 61. 

Tllble 7. 1I1111-IiINV Il"ll y lly or lhe IlIte,t1n", 1 
r.outent, or ma!lu sa l _,," red MLDJtIiUl.e.i1 ' 1'. ,t .. aln 
1-1- 38 In their diet 

GrOUI)OI ~Inllnt s peclel'l II nU-IUNV actiylly or 
of bllcterlll [" 

Inlestine 

Tellt -I ~Cl:oeq""13 I'll'· 
Tesl-2 6t[2!!2nlU ~I'. 

Contro l -II-1 ~ !: ,=p..!ot!!l3 ,". 
Control -II-2 ~U 1'1,'. 

(;I)nt rol-B-I flI~2!!!2!lO~ I'll'. 
L j tI'01-B-2 

---
r."l~q2.mgua.~ I'll'. 

IntestlOl" contenti'l o r ~ 
H'IlI.lmum dilution II h"w l", 
redUction 

Intel'lllOl.1 content, 
I'FU r e duction ( '2 ) 

[00 ,- 20) 
100 ,- 2" 
100 ,- 10) 
100 ,- 20) 

" " 
flllh "e,·e pooled 

1\1 Illl\$t " 00 " rru 

The Inte,tlnn l cont!!nts bolh IfrOUpi'! of IIII\5U 
slll_n. 1I1!-'J:2."IQ{l'" 'I', H-38 In their di e t Illld tho~e 
lIot fe t! Ihe bncte l'lll , ",hu"cd I\nll - IIiNV "cllvlt)' b), 
thc 1. 11\'IUI! I'edu<:tlon ... thod . IlItl'lIll"nl contclIlII 
fro. fl,h that had prf!dUlll lnllnti), h .ltllIl.Qi!':.llllU. spp. 
did not sho" any entl-IIINV aclhlt)' tTeble 1). 

1lJ.I:!.Lr.oolli.lJliL1Ul....QL _85 u_ ~Al!"llu 
'I1Ii'lU ~1l 1 _1I, body weight 0.5 !C, fcd !\e[Q'!!(lnil~ 

51'. 1-1 -38 "ere <: hlllJen,ed "itll IIINV (luo TCID!-;/~I, 
60 _I n ). The cumu lAtlye mortll ill y of ma,u ,almon 
red lIet9.'!1.o!la>~ '1'. ~1-lR thc" chnll!!u ,,"e" wll h ItrNV 
wnll O.li X; fl llh fc" hut nul chnll cu~ed "nil U ~. 
Fll'Ih "Ith P_ :!I~_uAo.lI!o .un , :!I ~II " , liS the oo",lnll,.t 
l11tcal iollll ul'Ictel'i1l ch'1. II I'''llefi with IIiNV '",,1 1\ 12 

:II "'ortnl ll )" wldle ullchl\llell,ed fl , h hoo 1\ 6.0 :II 
_I'lallt)' (Tab l e 8). 

Tnb l e 8. Re,u l h of iIINV .. hllilelllf! lnt'r f or 
~a l -.on · fed 6.~lla.t 'I'. ~traln fI -38 In thei r 

.p TrelltlOent 

Tel'lt Chn llr.u"ed 
1"el'lt COUlt·ol 

Coutrol ~ D Cha l lenged 
Co"lrol-D Control 

N" lp, r 
TI',"p . 
j-C) 

5-7 
5-7 

5-, ... 

Nu,"ber 
or 

f ll'lh 

200 

'" 
100 
100 

Cu .. ulaliye 
",ortnllty 

'X) 
0.5 
0.0 

12.0 
6.0 

'I: I UNV ! lra I n Chllb lOa, useo; chal l en,e o05e "as 
100 TeID" , 60 _I n 

)lhlle the cUllu!.allvt IIIO rtll llt)' of II11!.SU sall10n 
ted ~er~l.\l\~ III'. H4 38 alld fI,h nol fed, lind tllr.n 
chlllleilled wllh WHY (lO' TC ltlla/lIIl) WIIS 90 alld !II 
lII, respectlyely (Data "as not shown). 

~q I e,c,\l I ""-~ I.z L2L..O!tt..l:JJINLt"lILtllVL ... ~r.p_d.1.lJ!~1u' 
l!eJ:.Ql]1~na.IL'.Il1' .... 

The anll-WHV Dcl Iyltlr.~ of flnrll11·I\I.r.tl ""d 
flltl"at ed culture fiuldll "cr'C II 100wl1 III Tnble 9. 

3' 2 

~r:l:~III1 l! !lI'I'. l'I trl\ln H-211 1l11l1 :Ill "hnwe, ' the Aull ­
WNV Ill'liyit), Ilfter rlltrlltlon through the 10 . 000 
H)I <:ut- or f fIller. 

~tQlI!l~ 1 IfII' .0LII II .~i: I mn~JJ,I!tll.l..' IJ!;J .. J JI .J.hr. _lQ.l.r. .•. t l nr.. 
~J.nl~r.JLMltILuJI!IQO_'[I_lLoJJtiN~_t. r..oJlt. 

The do,"Ir"'nt _I .. rnf!orll of I .. ,eAr -n l.1 .. ,., .~" 
i'lal"l11 "ml rnlnbow trout cilitu r e" "I III1IYcl"l'Iily'l'I 
e~perllll'~II I,II I l'IlfItlon li nd fl!h far .. nCllr IInk",l"t!! 
Wll!l 6.e.l:RJ!I.QJ11U. ~pp. a nd the l e Yel of nntiYi.·,,1 
actlylty ob!erved In homogenate! of the Intr. II !.lnAI 
conlenl ll "liS Yarled fr olll 1: 20 to 1:160, A",I WA I'I 

Tablr. II . HoI!!cuIAI' 1'117.!! o f IInU -If INV ~llh"lanccll 
"rodllcl'd hy t.el:'~IIIl~ ~I'. H-20 Ami H- 3f1, 

Per<:eAtage o f allll-IJINY activit )' 
lifter [lltrlllion o f 11)1 <:ut-orr 

H-26 .1-36 

Un-r lll.rllted 100 100 
~O ,000 m'-cut 110 100 
20,000 tII'-cut " 58 
10,000 flW-cut 08 HI 

nellrl), 1\11 hllfh a, thl!.t ob!erye" In the Inte~lInltl 
COli tent!! o f rllinholt trout .nd _ 1l~ U i'l1I1_OA fl!.1 
4c.CJZ.I!2I'1\1!. 111">. (Tllble IU) 

Table I U. Antl- IIIHV lI<:tlylt)' o f tht! Inl ell lln~1 
conlenta o f _asu !a l_n and ral noo" trou t <:u l lur!! 
at N"nne 

FI i'lh 
No. 

1 
2 
3 , 
• , 
7 

SI'cele!l 

",nll il "",I"oll 
"'111111 "1\1111011 
_AIIU ~ai-.on 

_A"U ~AI"," 

~'" 5al_n 

ralnbo" tl'oul 
ralnoo" trout 

AnU-IIiNV A<: llyll), nf 
Inle!lInAI contents 
PFU reduction ' 

100 ,- <0) 
100 ,- 80) 
100 ,- 80) 
100 ,- 80) 
100 ,- 801 

100 (lI l f1o) 
100 (ll 20) 

' : H.u",,,,, dilution ,ho"ln, III leltlll a 90 :I: rru 
I'edu<:llou 

Our rellulill ~ho" til l! rel atlon"hlp bl!i.ween '-h!! 
1I0rmo l hMlterlal flol"l\ III the rl~h IlIl.c~1.111f! And 
the ~n~""l'lIhlllty of thllt fll'lh t" Infccll,m I>y 
IIIHV. FI ., h "Ith either II.. naturllily occu rl'lulf or'" 
I!.rtHlcllllly lunu<:ed (ted In U,e (.ilet) InlClltlnll1 
_lcl'oClul"ll co .. po,ed predo-lnIInU)' of tlJ! r...anlll'l 
spp. produ<:lll!C antl-J[IHV !Ubllllln<:e" ~ho,,;,j "",r~ 
r e ll!Lallcll to In fe ction b), IIIHV. Anti- I IiMY 
Ilcthlt)' w." .. lao de_onstrated In '1 11 1'0 ,,~In~ 
tto.Jle"atu of the lnlll!t1nal <:onteut s of cu lture,j 
nih pl"edo.lnllntly colonh:ed b), 6ero!![Qnas !PP. 

lI<:knowtcdr,_cnta 
Thht I'esea.rch "as Supported In part hy ~ 

Grllnt-lIld fol' Selentltlc Re!!earch (Il) No. 6317UI20 
lind" Grnnt umler Th!! Honbu!111) inlt!l"nlll.lon1l1 
Sc:ll!lItl ric Rc,enrch I'ro"ralll 110. D2U~~UU8. 
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