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ABSTRACT-In 2009 and 2010, unusually high mortality events were recorded among cultured popula
tions of thread-sail filefish Stephanolepis cirrhifer in Ehime Prefecture, Japan. Diseased fish exhibited 
abdominal distention and many white nodules filled with thick, pale-yellow material scattered on the 
surface of the serosae of internal organs and mesentery. Histopathologically, the disease was charac
terized by variable sized granulomatous lesions with central necrotic core surrounded by thin irregular 
arrangement of epithelioid cells and the outermost thin rim of connective tissue. The central part of 
granuloma showed colliquative necrosis with abundant cellular debris and some clusters of long-rods that 
were positive with Ziehi-Neelsen stain. From the results of microbiological examinations and simplified 
identification with DNA-DNA hybridization, two representative isolates collected in 2009 and 2010 
were classified into rapidly growing "nontuberculous mycobacteria (NTM)" that closely related to 
Mycobacterium chelonae. A pathogenicity test using one of the isolates successfully reproduced the 
granulomatous lesions closely resembled to those in the spontaneous cases, suggesting that the rapidly 
growing NTM is pathogenic to the thread-sail filefish, and is a causative agent of the spontaneous case. 
This is the first report of the disease caused by a rapidly growing NTM in maricultured fish in Japan. 

Key words: nontuberculous mycobacteriosis, NTM, Stephanolepis cirrhifer, thread-sail filefish, DNA
DNA hybridization 

In recent years, mycobacterial species except for 
Mycobacterium tuberculosis crade and M. /eprae crade 
has been called as "nontuberculous mycobacteria 
(NTM)" (Kang et a/., 2015). NTM are universally pre
sent in soil and water (Falkinham, 2009). In addition, 
they have been isolated from a wide variety of organ
isms such as mammals, birds, reptiles, amphibians, 
fish, invertebrate and protozoa (Dvorska eta/., 2007; 
Izumi eta/., 2010; Reavill and Schmidt, 2012; Kennedy 
eta/., 2012). 

Infectious diseases caused by NTM have been 
reported in more than 165 fish species in saltwater, 
brackish water and freshwater, regardless of wild, orna
mental or aquaculture species (Jacobs eta/., 2009). 
M. marinum, M. chelonae, M. fortuitum, M. abscessus, 
M. chesapeaki, M. shottsii, M. pseudoshottsii and M. 
salmoniphilum are the most commonly identified NTM 
species as fish pathogens (Frerichs, 1993; Chemlal and 
Portaels, 2003; Gauthier and Rhodes, 2009; Nakanaga 
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eta/., 2012). 
In 2009 and 2010, several mortality events occured 

in cultured populations of thread-sail filefish Stephanole
pis cirrhifer in Ehime Prefecture. During these out
breaks, some bacterial strains were isolated from the 
white nodules and/or kidney of diseased fish and tempo
rally identified as mycobacterial species. In this study, 
the authors would like to report pathological features of 
the spontaneous case, microbiological characteristics 
and simplified identification of the isolates and the 
results of a pathogenicity test with the isolated 
bacterium. 

Materials and Methods 

Spontaneous case 
Histopathology 

In total, 18 moribund thread-sail filefish were 
collected in August 2009 and from June to August 2010 
at some area in Ehime Prefecture, Japan. The fish of 
the first case had been originally produced in Mie 
Prefecture, and the others had been produced in Ehime 
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Prefecture. The juvenile fish were then moved to 
some commercial fish farms in Ehime Prefecture and 
reared for a year or two. 

After the clinical history and gross features were 
recorded, the fish were euthanized using an overdose 
of 2-phenoxyethanol (Wako Pure Chemical Industries, 
Ltd.). The sampled individuals ranged from 175 to 481 
g in body weight and 22.6 to 27.0 em in total length. 
The kidney, spleen, liver, alimentary tract and mesen
tery were removed and fixed in 10% phosphate-buff
ered formalin solution. The fixed samples were 
processed routinely to prepare paraffin sections for 
histology. The sections were stained with hematoxylin 
and eosin (H&E) or Ziehi-Neelsen (ZN) stain for acid
fast bacteria. 

Mycobacterial examinations 
Bacterial isolation 

Eighteen affected thread-sail filefish described 
above were also subjected for bacterial isolation. The 
bacteriological swabs taken from the white nodules 
and/or kidney of each fish were inoculated onto 3% 
Ogawa egg slant (Kyokuto Pharmaceutical Industrial 
Co., Ltd.) and incubated at 25°C for up to 30 days. 
After confirming the colonies, one loopful of mycobacte
rial colonies was suspended in saline to make bacterial 
smear on a slide glass and stained with ZN. The iso
lates were sub-cultured with Middlebrook 7H9 and 
7H10 medium (Difco) supplemented with 10% OADC 
enrichment (Becton, Dickinson and Company) and 
0.5% Tween 80 (Sigma-aldrich). Sub-cultured strains 
in 7H9 broth medium were stored at -80°C in 10% 
glycerol. 

Optimum growth temperature 
The two strains (NJB 0901 [MF47], NJB 1001 

[MF51]) were inoculated in Middlebrook 7H9 broth sup
plemented with 10% OADC enrichment and 0.5% 
Tween80, and incubated at 25°C for 3 days. Bacterial 
clumps in the broth were dispersed using glass beads, 
and left stand for 20 min at room temperature. Then, 
the supernatant (containing bacterium) was saved, and 
the turbidity was adjusted to McFarland equivalence tur
bidity standard kit (Remel) 2.0 using Middlebrook 7H9 
broth prepared as described above. The adjusted bac
terial supernatants (20 ,ul each) were dropped on 
Middlebrook 7H10 agar medium supplemented with 
10% OADC enrichment and 0.5% Tween 80, and incu
bated at 15, 20, 25, 30 or 37°C for 5 days. 

Photochromogenicity 
The bacterial suspensions of the two strains (NJB 

0901 [MF47] and NJB0902 [MF48]) were obtained as 
described above. Fifty microliter of each suspension 
was spread on two 2% Ogawa egg slants and cultured 
at 25°C until sufficient bacterial growth was observed 

under dark condition. Then, one of the slants was irra
diated with a 60-watt fluorescent lump for 1 h at a dis
tance of 30 em. The slant was incubated at 25°C for 
24 h under dark condition again. After this procedure, 
the coloration of the bacterial colonies on the light-irradi
ated Ogawa slant was examined in comparison with the 
colonies on the other Ogawa slants without light 
irradiation. 

DNA-DNA hybridization (DOH) 
The two strains (NJB 0901 [MF47] and NJB 0902 

[MF48]) were subjected to DOH. DOH was performed 
according to the manufacturer's instructions of DOH 
Mycobacteria "Kyokuto" (Kyokuto Pharmaceuticals). 
The kit is capable of identifying 18 mycobacterial spe
cies including M. tuberculosis complex, M. kansasii, M. 
marinum, M. simiae, M. scrofulaceum, M. gordonae, M. 
szulgai, M. avium, M. intracel/ulare, M. gastri, M. 
xenopi, M. nonchromogenicum, M. terrae, M. triviale, 
M. fortuitum, M. chelonae, M. abscessus and M. 
peregrinum. 

Pathogenicity test 
Preparation of bacterial suspension 

The strain NJB 0901 [MF47] isolated in 2009 was 
used for this experiment. The bacterium was inocu
lated onto 1% Ogawa slant and incubated at 25°C for 5 
days. A colony grown on the slant was suspended in 
sterile physiological saline. This bacterial suspension 
was used as the inoculum. The number of bacterial 
cells (colony forming units [CFU]/ml) was determined 
by inoculating the diluted bacterial suspensions on 
Middlebrook 7H11 agar medium supplemented with 
10% OADC enrichment. 

Experimental design 
Thirty thread-sail filefish (33.1 g average in body 

weight) that were produced in Ehime Prefectural 
Fisheries Research Center were used for the 
experiment. The fish were divided into experimental 
and control groups, with 15 fish in each group. The 
fish in the experimental group were intraperitoneally 
injected with 0.1 ml of the bacterial suspension at a 
dose of 9.0 x 105 CFU/fish. Control fish were inocu
lated with the same volume of sterile physiological 
saline without bacterium. After inoculation, the fish 
were kept in two 200-L indoor plastic aquaria with sand
filtered and UV sterilized seawater supplied with a flow
through culture system for 30 days. During the experi
ment, the water temperature was kept at 25°C, and the 
fish were fed with commercial diet once a day. 

The fish died were removed from the aquaria, and 
cumulative mortality was recorded until the end of the 
experiment. Gross features and autopsy findings of 
these dead fish were recorded, and the kidney, spleen, 
liver, gills, intestine, peritoneum and visceral abscesses 
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Fig. 1. Gross features of the diseased fish collected in 2009. A: The diseased fish showed significant abdominal distention with a 
large amount of ascites. Bar= 4 em. B: Reddening of cloaca was also observed (arrow). Bar= 2.5 em. 

were fixed in 10% phosphate-buffered formalin solution . 
Bacterial isolation was attempted from visceral lesions 
using 2% Ogawa slant. 

Histopathology 
All of the fixed samples were examined with light 

microscopy using the methods described for the sponta
neous cases. 

Spontaneous case 
Gross features 

Results 

The first mortality event started from the beginning 
of May 2009 and cumulative mortality reached 15% by 
the end of July. During the mortality event, water tem
perature ranged from 19.2 to 25.8°C. In June 2010, 
mortality event started again and cumulative mortality 
reached to 40% by the end of July. The water tem
perature ranged from 19.1 to 26.3°C during the events. 

Most of the diseased fish had significant abdominal 
distention (Fig. 1A) and reddening around the cloaca 
(Fig. 1 B). A large amount of opaque, pale-red colored 
ascites was found in the abdominal' cavity (Fig. 2) . 
These findings were observed in all fish examined. 

The diseased fish collected in 2009 were burdened 
with many white nodules of 2-5 mm in diameter, scatter-

Fig. 2. The diseased fish had a large amount of opaque, pale
red colored ascites in the abdominal cavity. 

ing on the surface of serosae of internal organs and the 
mesentery (Fig. 3A) . These nodules were filled with 
thick, pale-yellow material. Many white nodules with 
similar features were also observed in the affected fish 
samp led in 2010, although the nodules were much 
larger (3-20 mm in diameter) than those in 2009, and 
densely presented (Fig. 3B). 

Histopathology 
The most prominent histopathological feature of the 

diseased fish was the presence of numerous, variable 
sized granulomatous lesions on the serosae of the kid
ney, spleen, liver, alimentary tract and mesentery. 
Small numbers of the granulomatous lesions were also 

Fig. 3. Showing numerous white nodules (arrows) in the 
abdominal cavity of the spontaneous case in 2009 (A) 
and 2010 (B) . Bar= 3 mm (A) and 1 em (B). The 
diseased fish with many nodules scattering on the sur
face of serosae of internal organs and the mesentery. 
The nodules in the 2010 case (B) were much larger 
(3-20 mm in diameter) than those in the 2009 case 
(2-5 mm in diameter) (A). 
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observed in the parenchyma of the kidney and liver. 
The serosae and mesentery were thickened with 
marked fibrous infiltration around the granulomas. The 
granulomatous lesion was composed of central necrotic 
core (Fig. 4A) surrounded by thin and irregular arrange
ment of round or spindle shaped epithelioid cells and 
the outermost thin rim of connective tissue (Fig . 48) . 
The central part of granuloma showed colliquative 
necrosis with abundant cellular debris and some clus
ters of long-rods that were positive with ZN stain (Fig . 5) . 

Fig. 4. The granulomatous lesion in the kidney. A: The 
lesion has large central necrotic core with abundant 
cellular debris (N). H&E Bar= 100 pm. B: Irregular 
arrangement of round or spindle shaped epithelioid 
cells are surrounding the granulomatous lesion 
(arrow) with the outermost thin rim of connective tis
sue (arrowheads} . H&E Bar= 30 pm. 

Fig. 5. The central part of granuloma showed colliquative 
necrosis with abundant cellular debris and some clus
ters of long-rods that were positive with ZN stain 
(arrows) . ZN Bar= 10 J.tm. 

Mycobacterial examinations 
The total of 21 strains were isolated from the 18 dis

eased fish in 2009 and 2010 (Table 1 ). Colonies of all 
strains were clearly observed four days after the inocula
tion and showed smooth/rough (S/R) appearance with 
cream coloration. ZN stain of bacterial smears 
revealed that all of these strains were acid-fast bacilli . 
The tested isolates grew best at 30°C, whereas no 
growth were observed at 37°C. Colonies of the tested 
isolates showed ivory-white coloration in dark culture 
condition and did not show photochromogenicity even 
after irradiation with a 60-watt fluorescent lump. As a 
result of DOH with each isolate, the highest absorbance 
was recorded in the well of M. chelonae. 

Pathogenicity test 
Cumulative mortality and gross features 

The first death occurred at 2 days after inoculation . 
The cumulative mortality of the experimental group 
exceeded 50% at 6 days after inoculation and reached 
95% at the end of the experiment (Fig. 6). No death 
occurred in the control group. The dead fish showed 
abdominal distension, a large amount of opaque, red 
ascites and various sized white nodules on the surface 
of serosae of alimentary tract and mesentery, which 
was similar to the spontaneous cases (Fig . 7). The 
nodules were 2-5 mm in diameter and filled with thick, 
pale-yellow material. 

Table 1. Mycobacterial isolates obtained from the fish exam
ined 

Segregants 

#1 

#2 

#3 

#3 

#4 

#4 

#5 

#6 

#6 

#7 

#8 

#9 

#10 

#11 

#12 

#13 

#14 

#15 

#16 

#17 

#18 

Strain No. 

NJB 0901 (MF47) 

NJB 0902 (MF48) 

NJB 1001 (MF51) 

NJB 1002 (MF52) 

NJB 1003 (MF53} 

NJB 1004 (MF54} 

NJB 1006 (MF56) 

NJB 1007 (MF57) 

NJB 1008 (MF58} 

NJB 1009 (MF59) 

NJB 1010 (MF60) 

NJB 1011 (MF61) 

NJB 1012 (MF62) 

NJB 1013 (MF63) 

NJB 1014 (MF64) 

NJB 1015 (MF65} 

NJB 1016 (MF66) 

NJB 1017 (MF67) 

Isolation Date Site Isolated 

2009/6/15 Kidney 

2009/7/8 

2010/6/19 

2010/6/19 

2010/6/19 

2010/6/19 

Kidney 

White nodule 

Kidney 

White nodule 

Kidney 

2010/6/21 Kidney 

2010/6/21 White nodule 

2010/6/21 Kidney 

2010/6/29 Kidney 

2010/6/29 Kidney 

2010/8/6 White nodule 

2010/8/6 White nodule 

2010/8/6 White nodule 

2010/8/6 White nodule 

2010/8/6 White nodule 

2010/8/6 White nodule 

2010/8/6 White nodule 

NJB 1018 (MF68) 2010/8/6 Ovary 

NJB 1019 (MF69) 2010/8/6 White nodule 

NJB 1020 (MF70) 2010/8/25 White nodule 
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The first death occurred at 2 days after inoculation. 
Cumulative mortality of the experimental group 
exceeded 50% at 6 days and finally reached 95% at 
the 30 days after inoculation. 

Fig. 7. Showing gross lesions observed in the diseased fish in 
pathogenicity test The dead fish showed abdominal 
distention , a large amount of opaque, red ascites and 
many white nodules (2-5 mm in diameter) on the sur
face of serosae of alimentary tract and mesentery. 
Bar= 5 mm. 

Fig. 8. Epithelioid cell granulomas formed on the surface of 
intestine in the fish of pathogenicity test Irregular 
arrangement of epithelioid cells and the outermost thin 
rim of connective tissue were surrounding the colliqua
tive necrotic center which contains many clusters of 
acid-fast bacilli. ZN Bar= 100 11m. 

Bacterial re-isolation 
S/R type colonies with cream coloration were 

isolated from all of the dead fish examined . ZN stain 
of the isolates revealed that these isolates were acid
fast bacilli. 

Histopathology 
Epithelioid cell granulomas that comprised colliqua

tive necrotic center, irregular arrangement of epithelioid 
cells and the outermost thin rim of connective tissue 
were observed on the surface of serosae of alimentary 
tract, liver, spleen , peritoneal cavity and mesentery of 
the dead fish. Small numbers of granulomas were 
also found in the parenchyma of the liver, spleen and 
kidney. Many clusters of acid-fast bacilli were scat
tered in the central colliquative necrotic center of the 
granulomas (Fig. 8) . 

Discussion 

Pathogenicity test with the isolated bacterium suc
cessfully reproduced the lesions similar to those in the 
spontaneous cases with numerous acid-fast long rods 
in the peritoneal organs, and the cumulative mortality 
reached 95% within 30 days. These findings suggest 
that the bacterium was pathogenic to thread-sail filefish. 
The results of biological characterization tests and DOH 
used in this study indicate that the bacterium is non-pho
tochromogenic, rapidly growing NTM and closely 
related to M. chelonae. This is the first spontaneously 
occurring disease with rapidly growing NTM in 
Japanese maricultured fish species. 

Generally, NTM infection in fish slowly develops 
and causes chronic disorders (Ashburner, 1977; Lewis 
and Chinabut, 2011 ). Clinical symptoms are not obvi
ous in most susceptible fish species, however, emacia
tion , cachexia, exophthalmia, lordosis , haemorrhagic 
and dermal ulcerative lesions or scale losses may 
become evident in advanced stages (Lewis and 
Chinabut, 2011). The most common and prominent 
gross features of NTM infection are enlargement of the 
spleen, kidney and liver associated with a number of 
greyish-white nodules on and/or in these organs , and 
fluid accumulates in the peritoneal cavity, as well 
(Chinabut eta/., 1990; Lewis and Chinabut, 2011). In 
contrast, the diseased fish in the present case showed 
significant abdominal distension as a clinical sign, and 
the lesions in abdominal cavity were mainly localized at 
the surface of internal organs and mesentery. Histopa
thologically, the nodules observed in the most typical 
piscine NTM infection are composed of granulomatous 
lesions and surrounding granulation tissues (Giavenni 
and Finazzi , 1980). Thick epithelioid cell layers associ
ated with macrophages, lymphocytes, plasma cells and 
fibroblasts participate in the granulomatous lesion of the 
most typical piscine NTM infection (Ferguson , 2006). 
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In addition, central part of the granuloma associated 
with M. marinum, which is the most common mycobac
terial agent in piscine NTM infection, frequently shows 
caseous appearance associated with numerous acid
fast long rods (Weerakhun et a/., 2008; Wad a et a/., 
2009). 

On the other hand, the granulomatous lesion 
observed in the present study consisted of central 
necrotic, liquefacient core surrounded by thin and irregu
lar arrangement of epithelioid cells and the outermost 
thin rim of connective tissue. These features were simi
lar to those observed in necrotizing granulomatous lym
phadenitis of cat-scratch disease in human (Symmers, 
1992) and pyogranuloma of "Varracalbmi" in Atlantic 
salmon Salmo salar (Valheim eta/., 2000). While 
pyogranuloma caused by NTM infection was reported in 
M. asiaticum infection of a steer (Oakey eta/., 2005), it 
is likely that pyogranuloma might be a rare histological 
feature in piscine NTM infection. 

In the present case, isolated NTM strains were non
pigmented and rapidly growing species, and thus, they 
should be classified into Group IV of Runyon classifica
tion (Runyon, 1959). In addition, the results of DOH of 
the selected isolates suggest that they could be identi
fied as M. chelonae, which is classified into Group IV of 
Runyon classification, however, more detailed examina
tions, such as sequences analyses of 16S rRNA, rpoB 
and hsp65 genes are required to conduct accurate iden
tification of mycobacterium isolated in resent year 
{Tortoli, 2010). From the results, we concluded that 
the bacterium examined in this study should be classi
fied as a piscine NTM closely related to M. che/onae. 

M. chelonae infection has been reported in various 
species of fish (Brocklebank eta/., 2003; Evely eta/., 
2011; Anderson et at., 2012; Clarke et a/., 2013; 
Antuofermo eta/., 2014). In human, a NTM strain iso
lated from skin lesions of elderly, fish tank hobbyist was 
identified as M. chelonae, therefore, it was suspected 
that this bacterium might possess infectious potential 
against immunosuppressed persons (Li et at., 2014). 
On the other hand, some studies revealed that the 
strains of M. che/onae isolated from human and fish 
showed different optimum growth temperature, respec
tively (Harriff eta/., 2008). These previous reports sug
gest that more accurate identification should be 
required to understand the relationship of each strain of 
M. chelonae isolated from various source including fish 
and human. 
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養殖カワハギ Stephanolepiscirrhiferに発生した非結

核性抗酸菌症

深野華子・和田新平・倉田 修・水野かおり

中永和枝・星野仁彦

2009. 2010年に，愛媛県内で飼育されていたカワハギ

に高い死亡率を伴う疾病が発生した。病魚、は顕著な腹部

膨満を伴い，腹腔内には多数の白色結節を認めた。病理

組織学的に本疾病は膿蕩形成性肉芽腫病変を特徴とし，

肉芽腫の壊死中心には多量の細胞残誼と抗酸菌染色陽性

の長梓菌集落を認めた。 2009.2010年に分離した代表的

な2菌株を使用し細菌学的検査および DNA-DNAハイ

ブリダイゼーションを実施した結果，いずれの分離菌

も迅速発育型非結核性抗酸菌である Mycobacterium

chelonae近縁種であることが示された。人為感染試験を

実施したところ，本菌はカワハギに対し病原性を有する

ことが示された。本例は，囲内の海産養殖魚、における初

の迅速発育型非結核性抗酸菌感染例である。

魚、病研究. 50 (2)，68-74 (2015) 
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