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Treatments of Neoheterobothrium Infection in Japanese Flounder
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Abstract: This paper aimed to repor t successful 
cases of treatment of Neoheterobothrium infection in 
Japanese flounder, Paralichthys olivaceus with 8% NaCl-
supplemented seawater. In a hatcher y in Kagawa 
Prefecture, Japan in 1999 and 2000, brood stocks of 
Japanese flounder underwent severe anemia. To maintain 
the seed production, the naturally infected flounder with 
the causative parasite, Neoheterobothrium hirame, were 
treated by 8% NaCl-supplemented seawater bathing for 
5 min at 17 and 20℃, resulting in detachments of both 
immature and adult worms, and recovery from anemia 
in the host fish, with no death of the host fish during and 
after the treatment. These observations assumed that the 
NaCl-supplemented seawater bathing is an effective treat-
ment of Neoheterobothrium infection in Japanese flounder.

Key words : Neoheterobothrium hirame; Monogenea; 
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Recently, Neoheterobothrium infection has been 
prevailing in both wild and cultured Japanese floun-
der, Paralichthys olivaceus, in Japan1-3). Immature and 
adult worms of the causative agent, the monogenean 
Neoheterobothrium hirame, respectively infect the gill 
and buccal cavity wall tissue of the host fish and feed 
on the host’s blood, causing anemia in the host. Also 
in Kagawa Prefecture, Japan in 1999 and 2000, brood 
stocks of Japanese flounder experienced the disease in 
the hatchery and the affected fish underwent severe 
anemia. Since the treatment method for the disease had 
not yet been developed, the outbreaks appeared to cause 
serious damage to the seed production. We had prelimi-
narily examined effects of NaCl-supplemented seawater 
on another monogenean Heterobothrium okamotoi4) 
infecting tiger puffer Takifugu rubripes, and found the 
efficacy of bathing with seawater supplemented with 8% 
NaCl (unpublished data). In order to maintain seed pro-
duction of Japanese flounder in the hatchery, we applied 
the NaCl-supplemented seawater bathing for the treat-
ment of the affected fish and succeeded in detachments 
of the causative parasites and recovery from the anemia 
in the fish. In this paper, we report successful cases of 
the treatment against Neoheterobothrium infection in 
Japanese flounder. Also, the lethal effects of 8% NaCl-
supplemented seawater bathing against the host fish, 
Japanese flounder, were examined under different bath-
ing conditions to evaluate the hazard of the treatment.

Neoheterobothrium infection in Japanese flounder 
occurred in a hatchery in Kagawa Prefecture, Japan in 
1999 and 2000. In 1999, the disease broke out in Oct. 

in brood stocks cultured in land tanks. Anemia was 
observed in all of the cultured fish. Clinical examinations 
of the anemic fish revealed infections of both immature 
and adult worms of N. hirame. Hematocrit value of blood 
from severely anemic fish were around 3% and the level 
of anemia, based on the color specimen number of the gill 
(abbreviated as CSNG)3), was scored at #5 or #6, indicat-
ing severe anemia. Because the level of anemia was based 
on the CSNG, which is strongly correlated with hemo-
globin concentration (Hb) of blood3), which is a measure 
of the anemic level2), we did not check Hb of any fish. In 
2000, the disease occurred in flounder cultured as future 
brood stocks at 12-17℃ in net cages in April-May. Clinical 
examinations showed anemia in most of the affected fish, 
which had CSNG scores of #4 or #5. In our examinations, 
all of the affected fish were found to be infected with adult 
worms, but not with any immature worms. 

Two trials with 8% (w/v) NaCl-supplemented seawa-
ter were conducted, one during the 1999 outbreak and 
one during the 2000 outbreak. Crude sodium chloride 
(purity: 95%, Sanuki Engyo Co. Ltd.) was used in these 
treatments. Salinity of natural seawater (measured by a 
refractometer) was 31-32‰. In the case of 1999, three 
infected flounder (average body weight 1862 g and total 
length 53 cm) were individually marked with plastic tags. 
Twenty-two to 25 gill filaments were removed from the 
most upper gill arch of each fish and examined micro-
scopically to count the immature worms. More than 
20 adult worms were macroscopically observed on the 
buccal cavity wall tissues of each fish. Subsequently, 
these three fish were bathed together in 250 l NaCl-
supplemented seawater with gentle aeration at 20℃. 
After 5 min, all fish were transferred into a 2000 l aquar-
ium followed by rearing at 17-19℃. On day 7 after the 
treatment, the number of adult worms remaining on the 
buccal cavity wall tissues and the number of immature 
worms remaining on the gills were counted. In the case 
of 2000, 123 flounder (average body weight 712 g and 
total length 39 cm), which were all infected with adult 
worms, were bathed in 1000 l NaCl-supplemented seawa-
ter with gentle aeration at 17℃. After 5 min, the fish were 
transferred into a net cage followed by rearing at 17-19℃ 
under natural environments. On day 15 after the treat-
ment, the attachments of adult worms into the buccal 
cavity wall tissues in all of the fish were examined macro-
scopically. Subsequently, the treated fish were reared in 
a net cage and the occurrences of infectious diseases was 
monitored for 30 days.

To examine the ef fects of NaCl-supplemented sea-
water bathing on the host fish under different bathing 
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conditions, we subjected twelve groups of five healthy 
Japanese flounder (body weight 124-268 g and total 
length 24-29 cm) to 12 combinations of four bathing 
periods (5, 8, 11 and 14 min) and three bathing water 
temperatures (10, 15 and 20℃). The fish were obtained 
from a private fish farm in Kagawa Prefecture. Crude 
sodium chloride was used for the experiment and salin-
ity of natural seawater was 31‰. The fish for each group 
were kept in a plastic mesh box and then bathed in 500 
l NaCl-supplemented seawater under corresponding 
conditions. After the treatments, the fish were placed in 
a plastic mesh box and reared for at most 7 days at the 
same temperatures as the bathing without feeding, and 
then mortalities were recorded. 

Results of treatments of the affected Japanese flounder 
in the natural outbreaks of 1999 and 2000 are shown in 
Table 1. In the case of 1999, all of the immature and adult 
worms were detached from the host fish bathed in 8% 
NaCl-supplemented seawater for 5 min at 20℃. In the case 
of 2000, no adult worm was observed on the buccal cavity 
wall tissues of any host fish on day 15 after the treatment at 
17℃. All fish were vigorously swimming during the bath-
ing, but survived, and no clinical sign of disease appeared 
at least until day 45 after the treatments. Furthermore, on 
day 15 after the treatment, the CSNG score was no higher 
than #2 in any of the fish, indicating that severe anemia in 
all affected fish was cured by the treatments.

Mortalities of Japanese flounder by day 7 after bath-
ing with 8% NaCl-supplemented seawater under differ-
ent conditions are shown in Table 2. In 10℃-14 min and 
15℃-11 min groups, only one fish died at 7th and 2nd 
day after the treatments, respectively. In contrast, the 
dead fish appeared in all of 20℃ groups. Especially in 
the groups for 11 and 14 min, all fish died by day 1 after 
the treatment, indicating the highest lethality due to the 
bathing. These results indicate that lethal effects of the 
bathing with 8% NaCl-supplemented seawater against the 
host fish are enhanced by increasing of the water tem-
perature and the lethal effects become apparent only at 
exposures to 20℃ for longer than 5 min.

So far, 3% NaCl-supplemented seawater bathing has 
been revealed to be well ef fective against immature 
worms of N. hirame, but has a limited effect against the 
adult ones5). Artificially removal method of the adult 
worms by forceps has been effective as a treatment of 
the anemia6). However, this method is not practical for 
a large number of fish. The present results show that  
8% NaCl-supplemented seawater bathing for 5 min at 
17 and 20℃ were effective not only against the imma-
ture worms on the host fish but also against the adult 
worms, and cured the affected fish of anemia. For host 
fish above approximately 100 g in body weight, the 5-min 

treatment was lethal only at 20℃, but not at 15℃ and 
below. Additionally, in the case of 2000, the treatment at 
17℃ for 5 min did not induce death and damages to the 
body surface or gills leading to infectious diseases in the 
host fish, even though the host fish were subjected to 
the bathing-water with much higher NaCl-concentration 
(11%). These results indicate that 8% NaCl-supplemented 
seawater bathing for 5 min is feasible at 17℃ as a method 
for removing adult worms of N. hirame. Thus, the NaCl-
supplemented seawater bathing can be one of the effec-
tive treatments of Neoheterobothrium infection in Japanese 
flounder. To establish NaCl-supplemented seawater 
treatment as a routine method in hatcheries and grow-
out facilities, further studies on the most effective bathing 
conditions of NaCl-concentrations and water temperatures 
against the different sized host fish are needed. However, 
the present study will lead to a way in prevention against 
Neoheterobothrium infection in Japanese flounder.
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Table 1.  Results of treatments of Japanese flounder naturally infected with Neoheterobothrium hirame in 1999 and 2000 by 8% NaCl-
supplemented seawater bathing for 5 min

Year
Bathing water 

temp. (℃)

Host fish examined N. hirame infection＊1

Average body 
weight (g)

Average total 
length (cm)

Fish No.
No. of adult worms＊2 No. of immature worms＊3

Pre-treatment Post-treatment Pre-treatment Post-treatment

1999 20 1862 53
1
2
3

＞20
＞20
＞20

0
0
0

21 
56 
56 

0 
0 
0 

2000 17 712 39 1-123 Present 0 0 NE＊4

 ＊1 Prevalence of N. hirame at post-treatment was determined on day 7 and 15 after bathing in cases of 1999 and 2000, respectively.
 ＊2 No. of total worms attached into the buccal cavity wall tissues of individual host fish examined. In 2000, infection with adult worms was confirmed, but 

intensity of infection was not examined.
 ＊3 No. of total worms attached per 100 gill filaments of individual host fish examined.
 ＊4 Not examined.

Table 2.  Mortalities of Japanese flounder by day 7 after bathing 
with 8% NaCl-supplemented seawater under combination 
conditions of three water temperatures (10, 15 and 20℃) 
with four periods (5, 8, 11 and 14 min)

Water temp.
(℃ )

Period (min)
5 8 11 14

10
15
20

0＊1

0
1 (1)

0
0
2 (1)

0
1 (2)
5 (1)

1 (7)＊2

0
5 (1)

 ＊1 No. of total dead fish out of five fish examined.
 ＊2 Days after the bathing when the dead fish appeared.
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