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An Ecological Study on Edwardsiella tarda in Flounder Farms
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An ecological investigation on Edwardsiella tarda was carried out in two Japanese flounder (Paral-
khthys olivaceus) farms in Fukuyama City from April to December 1992. E. tarda was isolated from 86%
of water, 44% of sediment and 14% of fish samples in one pond, and 22% of water, 0% of sediment and
2% of fish samples in the other pond, although epizootics caused by E. tarda were not observed in either
pond. Serological studies proved that all the isolates of £ tarda from flounder and its environment shared
a commonheat stable O-antigen. Almost all the isolates tested exhibited pathogenicity to flounder by
intramuscular injection. In survivability tests of selected isolates in sea water and freshwater, they
perished within 7 days in sea water but survived longer period in freshwater.

These results suggest that there is only one serotype of£ tarda which has pathogenicity to flounder
in the environment of flounder farms.

Edwardsiella tarda has been known to be patho-
genic for a wide variety of animals including several
species of fishes (Austin and Austin, 1993). In
Japan, the disease (edwardsiellosis) caused by this
pathogen constitutes an economical threat particu-
larly in eel culture in freshwater (Hoshina, 1962;
Wakabayashi and Egusa, 1973a, b) and flounder cul-
ture in sea water (Yasunaga et ah, 1982; Nakatsu-
gawa, 1983; Kodama et al, 1987).

Ecological studies on this pathogen in eel culture
ponds were made (Minagawaef al., 1983; Park ef al.,
1983) and E. tarda was detected from healthy eels
and their culture environment. Distribution of the
pathogen in a flounder farm was also studied (Kanai
et al., 1988), but the pathogen was not detected from
flounder culture environment except for the period
when edwardsiellosis prevailed.

In the present work, an ecological survey of the
pathogen in apparently healthy flounder {Paralicht-
hys olivaceus) and their culture environment was
made. Physiological, serological and pathological
characteristics of isolated K tarda were also studied.

Author to whom correspondence should be addressed.

Materials and Methods

Field sampling
Monthly samplings were done in two flounder

farms (Pond A and Pond B) in Fukuyama City,
Hiroshima Prefecture, from April through Decem-
ber 1992. In both farms, fish were reared in land
based ponds throughout that period. Fish ( 10 fish),
pond waters, supply waters (sand-filtered coastal sea
water), sediments and foods for the fish were
sampled from each farm. Fish were carried to
the laboratory in Hiroshima University (Higashi-
Hiroshima City) in oxygen-filled plastic bags or in
ice boxes spending 2 or 3h. Water, mud and food
samples were also carried in ice boxes.

Bac teria l isolation
Fish: At the first sampling in April, when average

body weight of fish was 0.1 g, fish were homogenized
individually with 2m/ of sterilized physiological
saline (0.85% NaCl: PS). A 0.1 mi of each original
homogenate, 10- and 100-fold dilutions with PS were
inoculated in duplicate onto Salmonella-Shigella
(SS) agar (Eiken) for colony count (direct plating
culture). From the second sampling in May, with
larger fish, the above method was continued for the
intestine samples instead of the whole body. In
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addition, lm/ of the intestine, liver, spleen, and
kidney homogenates (sample:PS=1 :2) was put
into 10m/ double-strength SS broth (DSSS) as a
selective enrichment medium for E. tarda (Wyatt et
al., 1979) (enrichment culture).

Water: Waters, undiluted, 10- and 100-fold di-
luted, were inoculated onto SS agar for colony count.

^ One ml of undiluted water samples were subjected to
enrichment culture with DSSS. From the third
sampling in June, each water sample of 100m/ was
passed through a membrane filter (0.45 fim, Milli-
pore) and that filter was subjected to enrichment
culture.

Sediment and food: Direct plating and enrich-
ment culture were done for sediment samples and
only enrichment culture was performed for foods
(pelleted artificial feed).

Post-incubation works: Inoculated SS agar were
incubated at 25°C for 2 days and E. tarda-like col-
onies were selected by their characteristic appear-
ance, transparent colonies with black center. For
selective enrichment culture, after 2 days of incuba-
tion in DSSS at 25°C, one loopful of each culture
wasstreaked onto SS agar, followed by incubation
for 2 days at the same temperature. E. tarda-tike
colonies were again streaked onto SS agar to obtain
pure culture, and stocked in 1/3 strength heart infu-
sion (HI) agar (Eiken) for further examinations.

Characterization of isolates
Morphological and biochemical characteristics:

Rapid identification of the isolated bacteria was per-
formed using triple sugar iron (TSI) , sulfide-indole-
motility (SIM), lysine, and mannitol test media, and
ONPG disks, as suggested by Minagawa et al.
(1983). Final identification of presumptive E. tarda
isolates was done based on detailed morphological
and biochemical characterization. All biochemical
tests were performed at 25°C unless otherwise spe-
cified.

Serological analysis: Bacteria were cultured on
nutrient agar (NA, Eiken) at 25°C for 48h. Slide
agglutination tests for isolated E. tarda were carried
out with 10- and 20-fold diluted rabbit serum which
was raised against E. tarda NUF251, a reference
strain isolated from diseased flounder in Nagasaki
Prefecture. The agglutination titers of anti-NUF25 1
serum were measured in micro-titer plates using both
formalin-killed (formalin 0.3%) and heat-killed
(100°C, 2.5h) cells. In addition to NUF251, E22

which was ischtid frcm divrivrd re! a-d classified to
serotype A (Park et cl., 1953) *as a!<o c«d as a
reference strain.

Pathogenicity test: Selected 16 ischtcs of£L tarda
were tested on their pathogenicity. E. tzrda NUF251
was used as a positive control. A 2-day-cu!ture of
each isolate on NA at 25=C was diluted in sterilized
PS to a concentration of 10!-104CFUmi Five
flounder (average body weight: 13.1 g) were injected
intramuscularly with 0.05m/ of each bacterial sus-
pension or of PS as a control group. No food was
given during the experiment. The fish were observed
everyday for 15 days at about 22"C of water temper-
ature and dead fish were submitted to bacterial isola-
tion with NA and SS agar from kidney.

Survival ofE. tarda in waters
Two isolates from water and healthy fish were

selected to study their survivabilities in sea water,
freshwater (from a freshwater pond in the campus of
Hiroshima University), and distilled water. Two
reference strains (NUF251 and E22) were also used
for this study. One hundred ml of each kind of water
were autoclaved and kept at 20°C overnight. Two
day-culture of 4 strains at 25°C on NA was diluted
in PS to make a concentration of lO'CFU/m/, and
0.1 m/ of the suspension was inoculated into each of
the water media. The inoculated water were kept at
20°C and viable count was made on NA at appropri-
ate intervals. Slide agglutination tests were per-
formed using anti-£. tarda NUF251 rabbit serum to
confirm that the grown colonies are of E. tarda.

Results

Ecological survey
Water temperature and fish body weight at each

sampling are shown in Table 1. The growth rate of
fish of pond A was much higher than that of pond B.

There were no apparent outbreaks of E. tarda
infection in the two farms investigated during the
study period. Results of£ tarda detection by direct
plating (DP) and enrichment culture (EC) methods
are shown in Table 2 and 3, respectively. EC method
gave a much higher detection rate than DP method
and filter paper method was highly effective for the
detection of E. tarda from waters. By EC method
(Table 3), E. tarda was detected from pond water
(filter paper method) and/or sediment samples from
June to September, and from July the pathogen was
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Table 1. Water temperature and fish body weight at each sampling in two flounder farms

W a te r te m p e ra tu re ( -c ) M ea n fi sh b od y w e ig h tl' ( g )

D a te ( 19 9 2 )

P o n d A        P o n d B P o n d A        P o n d B

A p r. 3 0 19 .5          1 6.3 0 .1           0 .1

M a y 2 7 19 .5          17 .2 2 .1            2 .0

J u n . 3 0 2 0 .2          1 9 .5 14 .7           1 3 .6

J u l. 2 8 2 3 .5          2 4 .2 4 2.2           3 4 .9

A u g . 3 1 2 7 .4          2 7 . 1 9 7.9           6 1 .7

S ep . 2 8 2 2 .4          2 2 .8 14 0 .5           9 6 .6

O c t. 3 0 2 1.5          2 1.2 19 6.0           1 3 7 .2

N o v . 2 6 15 .9           15 .0 2 4 7 .3          14 3 .9

D e c . 2 2 B .5           13 .2 2 7 3.1          16 0 .7

"Average body weight of 10 fish.

Table 2. Results of E. tarda detection by direct plating method from apparently healthy flounder and their culture
environment in two flounder farms

Materials for
isolation

Pond water
Supply water
Sediment
Fish

whole body
intestine

Detection of£ tarda

Apr.30 May27 Jun.30 Jul.28 Aug.31 Sep.28 Oct.30 Nov.26 Dec.22

-/-
-/-

ND"1

-/-
-/-
-/-

-I-
-I-
-I-

-/-
I

+/-

-/-
-/-
-/-

-/-
-/-
-/-

-/-
-/-
-/-

-/-
-/-
-/-

-/-
-/-
+/-

-/- -/- +(1)J»/- -/- +(!)/+<!) -/- +(1)/-
" Results in A pond (A farm) B pond (B farm); 2)Not done; "Number of fish from which E. tarda was isolated.

Table 3. Results of £. icrdj detection by enrichment culture method from apparently healthy flounder and their culture
cn\ironmrrit in two P.our.dcr farms

M a t e r ia ls  f o r                 D e te c ti o n  o f J  ta rd a

iso la t io n   A r r 3 0  M a v 2 7  j u n 3 0  j u i 2 g  A u g 3 1  S e p 2 8  O c t . 3 0  N o v . 2 6  D e c . 2 2

P c r .d  u a iw  1 "   N D ;    N D    - / - * >   - / -   - / -   - / -    - / -    - / -   - / -

N D    N D    + / -   + / +   + / +    + / -    - / -    + / -    + / -

S u p-p ly  w a te r  I   N D    N D    - / -   - / -    - / -    - / -    - / -    - / -    - / -

N D    ¥ D    - / -   + / -   - / -   + / -    - / -    - / -   - / -

S ｫ ! : rr .r r .1                + / -   + / -    /     /     + / -    - / -    + / -

F o o d                 - / -   - / -    I     I     - / -    - / -   - / -

F i sh

tt h c l r  b o d *

n d    - : -    - / -   - / + m 5 >  +i.i ln :; .-.;      S D    - / -    - / -   - / + m 5 )  -H I )  -   - / -    + ( 2 ) l ~   + O V -  + ( 4 ) 1 -
h N t r       N D        - / -   - / -   + ( 1 ) / -   - / -   + ( 1 ) / -   - / -   + ( 1 ) / -

s r - ct :      N D        - / -   - / -    - / -   - / -   + ( 1 ) / -   - / -   + ( 1 ) / -

t id .-.^      N D        - / -   - / -   - / -    /    + ( ! ) / -   - / -   + ( ! ) / -

E .-.~ : K -  r r. :  c . '.: - : z  c f  1  rr. '  v . a tc r  s a m p le :  J )  E n r ic h m e n t  c u lt u r e  o f  fi lt e r  p a p e r  p a s s e d  w ith  l O O m /  w a te r  s a m p le ;  3)  N o t

£c-r. ' F*^-'.:> :r. A f^r.£ (A farm) B pond (B farm); 5)Number offish from whichE. tarda was isolated.



224 M. Mamnur Rashid, K. Honda, T. Nakai and K. Murcra

Table 4. Characteristics of 28 isolates ofK tarda obtained in this study with those of E. :-r:2 rrr>-r.rJ b. E *:r; e; al
(1965)

Prcsr-: :<cli:ri E-a:-; et aLC h a r a c te ri s t ic s     P re s e n t  is o l a t e s  E w in g  e t  a t C h a r a c  te ri s t  ic s

G ra m  s ta in A c id  a n d  g a s  f r o m  g lu c o s ;

M o t ilit y A c id  fr o m :

O x id a s e a r a b in o s e

C a t a la s e c  e ll o b io s e

O F  te s t               F " g a la c t  o s e

N i tr a te  r e d u c tio n           +        + - m a n n it o l

G e la tin  l iq u e  fa c ti o n m a n n o s e
I n d o le s u c r o s e
H , S G r o w th  i n  N a C l :

M R 0 %

V P 0 . 5 %

/S -g a la o to s id a s e  ( O N P G  ) 3 %

A r g in in e  d e c o m p o s it io n 6 %

L y s in e  d e c a r b o x y la tio n      + G r o w t h  a t :

O rn it h in  e  d e c a r b o x y la t io n     + 4 - c

C it r a te  u ti liz a tio n      +  ( 6 0 % ) 2) 4 0 - c

ND"
ND
ND
ND

ND
ND

ll F: Fermentative; 2) Percentage of strains showing positive result; 3) No data.

also detected from fish except September. Based on
EC method, E. tarda detection rates from pond
water (filter paper method), sediment and fish sam-
ples in pond A and B were 86% (6/7), 44% (4/9),
16% (14/90); and 29% (2/7), 0% (0/9), 2% (2/90),
respectively. Food samples were found to be free
from E. tarda contamination in either farm.

Number of viable cells ofE. tarda detected by DP
method was from 8 to 62 CFU/g in fish intestine, and
5 to 420 CFU/g in sediment.

Characteristics of isolates
Morphological and biochemical characteristics:

In total 40 isolates were picked up based on the
colony appearance on SS agar plates, out of which 28
isolates were identified as E tarda by rapid identifi-
cation; 8 from pond water, 2 from supply water, 4
from sediment, ll from intestine, 1 from liver, 1

Table 5. Agglutination titers of anti-£. tarda NUF251
rabbit serum against the present 28 isolates
and two reference strains of E. tarda

T ite r

S tra in F o rm a lin -   H ea t-

k illed c e ll  k illed c ell

P re sen t 2 8 iso la te s 3 20 - 1 2 8 0   80 - 3 2 0

R e fe re n c e strain s: N U F 2 5 1 12 80      3 2 0

E 2 2 3 20      1 60

fromspleen and 1 from kidney offlounder. All these
28 isolates were confirmed to be E. tarda by detailed
characterization. Morphological and biochemical
characteristics of the isolates are shown in Table 4.
All results coincided with those of E. larda reported
by Ewing el al (1965) except citrate utilization.

Serology: All the 28 isolates reacted positively in
slide agglutination tests with 10- and 20-fold dilu-
tions of anti-£. tarda NUF251 rabbit serum. Distri-
bution of agglutination tilers of antiserum against
formalin-killed and heat-killed cells of the present 28
isolates and 2 reference strains (NUF251, E22) are
shown in Table 5. In most of the isolates, the titer
was 160 for heat-killed cells and 320 or 640 for
formalin-killed cells.

Pathogenicity: Results of pathogenicity test are
shown in Table 6. Except one intestinal isolate (AFI
10-7), all the isolates examined were proved to be
highly virulent in flounder (mortality 80 or 100%
within 6-8 days). Kidney samples of all dead fish
showed growth of pure E. tarda colonies.

Survivability in waters
Results of survivability tests of the two present

isolates (APW 08, AFK 12) (Table 6) and two
reference strains (NUF251, E22) are shown in Fig.
1. The 4 strains survived for the entire 35 days of
experimental period in freshwater (pond water) and
for 14 to 21 days in distilled water, but in sea water,
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Table 6. Pathogenicity to Japanese flounder of the present 16 isolates and NUF251 (reference strain) of£ tarda

Strain
Source

Pond Date Sample

D o s e C F U /fish M o rt a lity 1 '

( X lO *) ( % )

4 .0 10 0

7 .0 10 0

4 .0 8 0

7 .0 10 0

5 .5 10 0

3 .3 10 0

l l .0 100

6 .5 8 0

5 .5 0

7 .5 10 0

10 .0 10 0

4 .3 100

7 .5 10 0

4 .2 10 0

7 .0 100

8 .0 10 0

1.3 100

0

A P W 0 6 Ju n .

B P S 0 6 J u n .

A S W 0 7 J u l.

B P W 0 7 J u l.

A P W 0 8 A u g .

A H 0 8 A u g .

A F L 0 8 A u g

A P W 0 9 S e p .

A F I 10 -7 O c t.

A F S 10 O c t.

A P S 10 O c t.

B F I 10 O c t.

A F I 12 -5 D ec .

A F K 1 2 D ec .

A P W 12 D ec .

A P S 12 D ec .

N U F 2 5 1

C o n tro l (P h y sio lo g ica l sa lin e )

Pond water
Sediment
Supply water
Pond water
Pond water
Fish intestine
Fish liver
Pond water
Fish intestine
Fish spleen
Sediment
Fish intestine
Fish intestine
Fish kidney
Pond water
Sediment

" Five fish were injected intramuscularly with each strain at 22°C.

4.0

3.0i

1 4 2 1 2 8 35

0.0

E 2 2
4.0 蝣T ｫ ^ i B JH ^ ^ ^ H I

3.0

2.0

1.0

0.0

w a m t

3 5
1 4 2 1 2 8 3 5 1 4 2 1 2 8

Time (day) T ime (day)

Hi . 1 . S . rv - . - . i l c f ih r p resen t 2 iso la tes and re fe rence 2 s t ra ins of £ ta rda in 3 d i f fe ren t wa te r s a t 20°C.
-I- ScjMiter .-#-Pondwater ,-Q-Disti l led water
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they perished within 3 to 7 days.

Discussion

During the 9 months' sampling from April to
December 1992, E. tarda was isolated first from the
water or sediment samples in June. In July, it was

jlso detected from the supply water and fish. Food
was found to be free from E. tarda contamination
throughout the survey. This finding may indicate
that the original source ofE. tarda was sea water in
these two farms. These two farms suffered from
edwardsiellosis in the previous year, thus the patho-
gen may have survived in sea water environments,
probably in biotic elements, of coastal area where the
used water from the farms are drained.

E. tarda was detected from the intestine most
often with highest density among the tested organs.
This seems to indicate that the intestine is the pri-
mary organ for the bacterial settlement in flounder as
also reported by Kanai et al. (1988). Kanai et al.
( 1988) detected the pathogen from kidney only when
its number in the intestines rose higher than 103
CFU/g. But in the present work E. tarda was detect-
ed from the liver, spleen and kidney even when
density of the pathogen in the intestine was lower
than 103CFU/g. This will imply that the pathogen
may multiply simultaneously in several organs in
certain cases of the infection.

The present study confirmed that E. tarda existed
in environment of flounder even when the disease did
not occur. Kanai et al. (1988) could not detect E.
tarda from flounder culture environment except for
one sampling made during an outbreak of the dis-
ease, though they also used enrichment culture tech-
nique. This difference seems to be due to the differ-
ence in flounder culture system between our sam-
pling farms and their sampling farms: that is, our
study was made in land based ponds and their study
was made in net cages in sea water.

There were no great differences in the reaction
against the antiserum in heat-killed states, indicating
that all the isolates belong to one O-serotype. All the
isolates examined except one was virulent to Japa-
nese flounder. Park et al. (1983) and Minagawa et
al. (1983) reported that there were some different
serotypes among R tarda strains isolated from
healthy eels and their environment. Their isolates
included avirulent or low virulent strains. On the
contrary, E. tarda isolated from flounder and their

environment consisted cf hrrr.:;rr.r.~.;» :v^'.2'.rs in
serological and pathclcriral fciturts r.r: c-!v :r. cur
study but also in th; svjjy rrj.1: by K1-21 c: cL
(198S). Also Marr.r.-r Ra-r.ii e: -1 C19-4) M.
amined 2S strair.s cfE. :zriz :^c!a:rJ frcm diseased
founder in di:T;r;~: Prefectures cfJap^.T ar.d found
that they also belcr:: :o cr.e O-s.;rc:>pc ah::h is
identical to tj-pe A cf eel s:rair.s. Therefore it is
proved that £. :j^:- ivr'.airs either frcm d:«ised or
healthy flcur.Jrr rr their er.\ircr.^*.ent belong to one
0-serotyp>e (t>p< A cf r;l strains). This 1*111 irr:ply
that only sc~c sirair.s. rilher having paiho;?n:ci!y or
affinity fcr f.cur.Jer zr.i be!cn;ing to on; serotype,
could ha\r e\:v:rd in s^a -Aater environment. There-
fore, the ecc!?jy cf £. :jr^j in flounder farms is
different frcm that cfEL izrda in eel farms.

E. tardz is fre-q'jer.tly isolated frcrn cold-blooded
animals and their environment, particularly fresh-
water (Farmer III ar.d McWhorter, 195-i). All the
strains tested here died within a week in sea water,
indicating that they can not live long in sea water
itself. Thus, as mentioned above, only pathogenic
strains have been able to remain in flounder or other
animals in or around culture environment, although
various types of the bacterium could have opportuni-
ty to enter into marine environment.
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