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PRODUCTION OF ANTI-INFECTIOUS IIEMATOPOIETIC NECROSIS VIRUS (IIINV) SUDSTAHCES DY INTESTINAL DACTERIA

+ M.Yoshimlzu and T.Kimura

Laboratory of Mleroblology, Facully of Fisheries,
llokkaido University lakodale, liokkaido, 041 Japan

Abstract i

Three strains of Agromonas spp. were lIsolated
from intestinal contents of masu salmon could
produce antl-Infectious hematopoletle necrosis
virus (IIINV) substance In growth medium contalining
extract from commercial fish food pellets. When
these antiviral bacteria was mlxed with fish lond
and fed to ralnbow trout and masu salmon,
Aeromgnas spp. became dominant in the intestinal
microflora and anti-IlIV activity was observed in
homogenates of the Intestinal contents of fish fed
with Aeromonas spp. These ralnbow trout and masu
salmon fed Aeromonas spp. showed more resistance
2 artificial Infection by [HNV.

Introductlon

Previously, we lhad Iinvestigated (ish
pathogenic viruses In an aquatic environment In
order to understand their survival and
Interactional relatlonships with bacteria for
Lhe preventlon of flish viral disease I[n
aquaculture (Yoshimizu et al. 19886).

In a series of studles on the microbial
ecosystem, we reported that many bacteria
producing antiviral substnnces could be Isolated
from aquatie environments such as hatchery water
supply, river mouth wnter, and beach water
(Yoshimlzu et al 1986, Kamei et al 1987a,b,c,
1988a, Kimura et al 1989). A representatlve
bacterla with antiviral activity was classiflled as
Pseudomonas [luorescens blovar I (Kamel et al.
1988h). This bacteria produced an antl-viral
subslance deslignated AGNW-04A.

Productivity of the antiviral substance wns
Iincreased by using Lthe hioreactor system with
bacterial cells Immobilized on alginate beads
(Yoshimizu et al. 1989). When HINY added Lo [lsh
renring water was passed through the column of
Immobllized bacterial cells, [HNY In the rearing
vwater was Inactivated (Kimura and Yoshimizu 1988).
This antlviral agent was IdenLifled as a peptide
and antiviral activity was recognized against LNV
wd OMV (Klmura et al. 1990).

In this study, we isolated bacteria producing
an antlviral substance from the intestinal
microflora of masu salmon (Qncorhynchus masou) and
used this bacteria to control [IHN In
experimentally challenged ralnbow trout (Q,
mykiss) and masu salmon. Anti [NV activily was
also demonstrated by plaque reduction In cell
culture.

Haterlals and Method

lsolatlon of bacterla producing anti-1liNV
hatancea from the Intestinal microflora of

su
aalmonld fish

One year-old masu salmon cultured at 4
hatcheries In llokkaido were sampled to determine
intestinal microflora and counls of viable
Intestinal bacteria. One hundred and elght
Aeromonasg spp. .stralns were screened for
antiviral activity agalnst IHINY by tLthe
methods of Kamel et al. (1988a).

310

Productlon_of_ant|=UINY_pubatange Jn_the_exiract
of_commercinl_rlsh_(aod nellels

The abllity of Lhe bacteria to produce an
ant|-1lINV substance when grown In extracts of
commercinl fleed pellet was tested.

Production_ ol _antl-IUHY substance in the Inteatine
af ralnbow _trout_and masy_salmon

Bacteria with anliviral properties were mixed
with fish food and fed to rainbow trout and masu
salmon for J weeks. Counts of viable bacteria and
percent compositlon of Aeromonas spp. In the
intestinal microflora of the fish were determined.

1KY challenge of rainbow trout and masu salmon

Ralnbow trout and masu salmon were used for
experimental Infection with IINV. Flsh were
challenged by Immersion In 100 TCIDso/ml for &0
min.

Molecular_slze of anti-]lINY subslances produced by
Anromonns _snn..

The culture flulds of 2 Aeromonng stralns H-
268 and 16 were centrifuged, and the anLi-[lNV
netivity of supernatants were determined afler
ultraflltration of 60,000, 20,000 and 10,000
molecular welght cut-off fllter.

Production of anti=|UNY substance in the_Intestline
of cullured masu salmon and ralnbow irout

One year-old masu salmon and rainbow trout
cultured at university's experimental statlon and
flsh farm near llakodate were sampled and antl-I1IHV
activity was observed In homogenates of the
Intestinal contents.

Results amd Discussion

laolation_of bacterla_produsing anti=z1lINY
substances [rom the Intestinal microflora of
salmonid flsh

Masu snlmon cultured in llokkaldo were sampled
to detormine Intestinal microflora and couita of
viable bacteria. Counts ranged from [0? to
10’CFU/g. Dacterla of the genus Aergmopas and
family Enlerobacteriaceae were the dominant normal
intestinal microflora observed [n salmonid [lsh
from a fresh water environment (Yoshimizu et al.
1976), The percent compositlion of Aeromopna spp.
In the Intestinal microflora ranged from 18 X tlo
58 %X, and 108 differenlL stralns of Aeromonas spp.
were |solated. One hundred and elght Aerpmonas
spp. stralns were screened [for antiviral

Table 1. NHumber .ol bacteria showlng antl-TIINV
activity among 108 Aeromonas spp. lsolated [rom
the Intestinal contents of masu salmon

Source PFU reduction

>60 X 00 X
Nanae (Univ.) 0 { 0%X) 0 ( 0X)
Nanae (Private Il.) 0 { 0x) 0 ( 0%)
Mori . 10 (13%) 3 ( %)
Chitose I, 0 ( 0%) 0 ( 0X)
Total 10 (13%) 3 ( 3X)
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aclivity. Three strains designated M-26, M-36, and
M-38 isolated from Mori Illatchery, showed strong
antiviral activity (Table 1).

Production of anti-IHNV substance fn_ the extract
of commercial fish food pellets

Aeromonas sp. strain M-38 produced an anti-
IINV substance in growth medium containing extract
from commercial fish food pellets (Table 2).
Strain M-26 also produced an anti-IHNV substance
(data not shown). These results suggest that
bacteria producing anti-IlINV substances could be
easily Incorporated into the diets of fish.

Table 2. Anti-IlINV activity of an extract of
commercial food pellets homogenized, sterilized,
and seeded with Aeromonas sp. strain M-18

(Pellet:Water) PFU reduction
Filter® Autoclaved
1:2 15 *C, 5 days 93.1 73.4
25 °C, 2 days 88.1 74.5
1: 4 15 *C, 5 days B1.5 77.9
25 *C, 2 days 68.5 G0.0
1:8 15 *C, 5 days 69.6 64.5
25 *C, 2 days 39.13 51.0

*: Filter sterilization using 0.45 um filter

I'roduction_of antl=1IINV_substance In_the Intestine
al_rainbow_trout

After 3 weeks, Aeromonas spp. were the
dominant bacteria in the intestinal microflora of
both fish fed bacteria in their diet (test group)
and not fed (control group), and counts of viable
bacteria reached 107CFU/g (Table 3).

Table 3. Counls of viable bacteria and percent
composition of Intestinal microflora of rainbow
trout fed Aeromonas sp. strain M-26 in their diet

Group Fish Viable Microflora (%)
No. bacteria
/8  Aeromonas Pseudomonas Others
Test*! 1 4.3 x 108 (00 0 0
J 4.2 x 10® 87 7 6
5 8.5 x 107 33 i] 7
Conlrol®*? 1 1.2 x 108 93 0 7
3 9.8 x 107 100 0 0
5 2.1 x lo® 97 0 3

*1: Fish fed Aeromonas sp. M-26
#2: Fish not fed Aeromonas sp. M-26

Anti-1lINY activity was observed in
homogenates of the Intestinal contents of rainbow
trout fed Acromonas sp. M-26 In commercial feed
(test -group) and in homogenates of fish fed
untreated commercial feed (controls). lowever, a
dilfference in the level of anLiviral activity was
observed (Table 4). The level of antlviral
activity observed in homogenates of Lhe intestinal
contents of the test group was nearly as high as
that observed in the bioreactor system (Yoshimizu
et al 1989).
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Table 4. Anti=IlINV activity of Lhe InLeslinal
contents of rainbow troul fed Aeromonas sp. strain
M-26 in their diet

Group*!? Anti-THNV activity Max. dilution
' PFU reduction showing 90 % PFU
reduction

Test-1 100 x 20

Test-2 100 x 40
Control-1 100 x 10
Control-2 100 x 20

¥1: Intestinal contents of 5 fish were pooled

1INV challenge of rainbow trout .

Fish fed Aeromonas sp. M-26 then challenged
with IHNV had a 9.6 %X mortality, during 1 month,
while the fish not fed the bacteria had a 29.2 %
mortality. Fish fed but not challenged had a 3.3 %
mortality (Table 5). This experiment shows LhnL
fish fed Aeromonas spp. prior to an 1
challenged had greater resistance to infection:w/

Table 5. Results of IHNV challenge of rainbow
trout reared fed Aeromonas sp. stralm M-26 In
their diet

Group Hater Temp. Number of Cumulative
(*c) fish mortality(%)

Test*! 13-15 30 9.6

Control-1*?  13-15 30 29.2

Control-2*%  13-15 30 3.3

*¥1: Fish fed Aeromonas sp. M-26 then challenged

with 100 TCIDso for 60 min
#2: Fish not fed Aeromonas,
TCIDso for 60 min
*3: Flsh not fed Aeromopnas but not challenged with

challenged with 100

1INV
Production of anti-IlINV substance in the intestine
of masu salmon

In the second part of this study, masu salmon
were fed Aeromonas sp. strain M-38. To select the
control fish, intestinal microflora of masu salmon

cultured In our laboratory was observed =nd
Table. 6. Counts of vlable bacteria and pergggt

composition of intestinal
salmon fed Aeromonas sp.

microflora of masu
strain M-38 in thelr diet

Group Fish Viable Microflora (%)
No. bacteria
(g) Aeromonas Pseudomonas Others

Test 1 4.3 x 108 100 0 0
J 4.2 x 109 27 0 3
5 8.5 x 107 100 0 0
Control 11 1.2 x 108 a7 0 3
-A 13 9.8 x 107 100 0 0
15 2.1 xz lo® 97 0 3
Control 21 2.3 x 104 0 100 0
-B 23 6.7 x 104 27 13 0
25 3.8 x lo® 13 87 0




antiviral activity of intestinal contents and
isolates from intestinal contents were tested.
Fish with a natural population of predominant
Aeromonas spp. and Pseudomonas spp. in Lhe
intestinal contents could be found (Table 6).

Table 7. Anti-IlNV activity of the intestinal
contents of masu salmon fed Aeromonas sp. strain
‘M-38 in their diet

Group*1l Dominant species  Anti-IlNV activity of
of bacteria in intestinal contents
intestine PFU reduction (#*2)
Test-1 Aeromonas sp. 100 (x 20)
Test-2 Aeromonas sp. 100 (x 20)
Control-A-1 Aeromonas sp. 100 (x 10)
Control-A-2 Aeromonas sp. 100 (x 20)
Control-B-1 Pseudomonas sp. 66
itrol-B-2 Pseudomonas sp. 85

*1: Intestinal contents of 5 [ish were pooled
*¥2: Maximum dilutlon showing at least an B0 % PFU

reduction

The intestinal contents both groups of masu

salmon, Aeromonas sp. M-38 in their diet and those
not fed the bacteria, showed anti-11INV activity by
Lhe plaque reduction method. Intestinal contents
from fish that had predominantly Pseudomonas spp.
did not show any antl-IHlINV activity (Table 7).

LNV challenge test of masu_salmon

Masu salmon, body weight 0.5 g, fed Aeromonas
sp. M-38 were challenged with [HNV (100 TCIDso/ml,
60 min). The cumulative mortality of masu salmon
fed Aeromonas sp. M-38 Lhen challenged with [NV
was 0.5 %; Tish fed bul not challenged was 0 %.
Fish with Pseudomonas spp. as the dominant
intestinal bacteria challenged with IHINY had a 72
% mortality, while unchallenged [ish had a 6.0 %
mortality (Table 8).

Table 8. Results of IIINV challenge test*! for masu
salmon: fed Aeromonas sp. strain M-38 in their diet

1p Treatment Water Number Cumulative

A Temp. of mortality
(*C) fish (%)
Test Challenged 5-7 200 0.5
Test Control 5-17 200 0.0
Control-D Challenged 5-8 100 72.0
Control-B Control 5-8 100 6.0

*1: 1INV strain ChAb was used; challenge dose was
100 TCIDso, 60 min

While the cumulative mortality of masu salmon
Fed Aeromanas sp. M-38 and fish not fed, and then
challenged with INNV (104TCIDso/ml) was 90 and 91
%, respectively (Data was not shown).

Molecular size of anti-I[IINV_substances produced by
Aeromonas_snpp.

The anti-THNV aclivities of wnfiltrated and
filtrated culture fluids were shown in Table 9.
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Aeromonas spp. strain M-26 and 36 showed Lhe antj-
HINV activity after filtration through the 10,000
MW cut-off filter.

Production ol _anti-11INV_substance in_the_intestine
of cullured masu salmon_and_rainbow_trout

The dominant mieroflora of 1-year-old masu
salmon and rainbow trout cultured at university's
experimental station and fish farm near lakodate
was Aeromonas spp. and the level of antiviral
activity observed in homogenates of the intestinal
contenls was varied from 1:20 to 1:160, amd was

Table 9. Molecular size of anti-1lINV substances
produced by Aeromonas sp. M-206 and M-36,

Percentage of anti-1IINV activity
after filtration of MW cul-off

M-26 M-36
Un-filtrated 100 100
50,000 MW-cut 110 100
20,000 MW-cut 92 58
10,000 MW-cut th:] Bl

nearly as high as that observed In the intestinal
contents of rainbow trout and masu salmon frd
Aeromonas spp. (Table 10)

Table 10. Antl-11INV activity of the inlestinal
contenlts ol masu salmon and rainbow trout culture
at Nanne

Fish Species Anti-TIINV activily of
No. intestinal contents
PFU reduction®

1 masu salmon 100 (x 40)

2 masu salmon 100 (x BU)

3 masu salmon 100 (x 80)

4 masu salmon 100 (x 80)

5 masu salmon 100 (x 80)

] rainbow trout 100 (x160)

7 rainbow trout 100 (x 20)

*: Maximum dilution showing at least a 90 % PFU
reduction

Our results show the relationship between Lhe
normal bacterlal flora in the Cish intestine and
the susceplibility of that (ish Lo infection by
HINV, Fish with either a naturally occurring or an
artificially induced (fed in the diet) intestinnl
microflora composed predominantly of Aeromonas
spp. producing anti-IIINV substances showed more
resistance to infection by IINV. Anti-[lNV
activity was also demonstrated in vitro using
homogenates of the intestinal contents of cultured
fish predominantly colonized by Aeromonas spp.
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