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ABSTRACT--:--Nocardiosis caused by Nocardia seriolae makes severe losses of fish production of 
Serio/a spp. in Japan. In this study, we investigated prevalence of N. seriolae infection in yellowtail 

Serio/a quinqueradiata cultured in an open sea net-cage in Owase Bay, Japan. The gills, serum and 

spleen were sampled from juvenile fish (n = 5) on May, June, July, August, November 2017 and January 

2018. Serum antibody titer against N. seriolae were significantly increased on November 2017 and 

January 2018. N. seriolae 16S rRNA gene were detected by PCR in the spleen and/or gills of 1-4 indi-

viduals sampled on May, July, August, November 2017 and January 2018, while the bacterium was not 

isolated from any individuals on Ogawa medium. Granulomatous inflammation which is the typical char-

acteristic of pathological feature of nocardiosis was not observed in any spleen sections examined. 

However, fluorescent immunohistochemistry with anti-N. seriolae rabbit serum detected the long-and 
short-rod shaped bacteria in the spleen of all fish examined in this study. These data suggest that the 

juvenile yellowtail cultured in Owase Bay had been already infected with N. seriolae even in May. In 

addition, N. seriolae may be in viable but non-culturable state (VBNC), resulting in latent infection in cul-

tured yellowtail. 
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latent infection 

Nocardia seriolae is a Gram-positive, weakly acid-

fast and nonmotile actinomycete which causes nocardio-

sis in cultured fish such as yellowtail Serio/a 

quinqueradiata and amberjack S. dumerili (Kariya et al., 

1968; Kusuda and Taki, 1973; Kudo et al., 1988). The 

disease first recognized in yellowtail and amberjack cul-

tured in Owase Bay, Mie Prefecture, Japan (Kariya et 

a/., 1968) and then spread to Southern Japan where 

Serio/a fish were actively cultured (Kusuda and 

Nakagawa, 1978; Matsuzato, 1978). To date, two anti-

biotics, sultisozole sodium and sulfamonomethoxine has 

been approved for use in Serio/a fish culture for the 

treatment of nocardiosis in Japan (ltano and Kawakami, 

2002; Ismail et al., 2012). However, outbreaks of the 

diseases are reported every year in aquaculture of 

Serio/a fish species, and the disease causes severe 

economic losses in the fish production in Japan. 

Nocardia seriolae slowly multiplies in the host and 
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causes a chronic progression of symptoms ending in 

death (Kariya et al., 1968). The diseased fish exter-

nally shows multiple ulcers/nodules on the skin (Kariya 

et al., 1968). Internally, hypertrophy of the spleen and 

kidney, abscesses in the epidermis and formation of 

tubercles in the spleen and kidney are observed in the 

diseased fish (Kariya et al., 1968; Kubota et al., 1968). 

In addition, there are cases in which the formation of 

tubercles was also observed in the gills of diseased fish 

(Kusuda et al., 1974). The large abscesses observed 

in the spleen and subcutaneous adipose tissue was his-

topathologically characterized by marked infiltration of 

neutrophils (Miyazaki, 1980). The small nodules/tuber-

cles observed in the spleen and kidney consists of epi-

thelioid cells surrounding the central necrotic area 

(Kubota et al., 1968; Miyazaki, 1980). These character-

istic symptoms have been also observed in other cul-

tured fish infected with N. seriolae, such as jade perch 

Scortum barcoo (Wang et al., 2017) and pompano 

Trachinotus blochii (Labrie et al., 2008). 

The nocardiosis tends to be prevalent from summer 
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to autumn with high water temperature in cultured yel-

lowtail (Kariya et al., 1968; Kusuda and Nakagawa, 

1978). Consistent with the high prevalence in summer 

season, the optimum growth temperature of N. seriolae 

has been reported to be 25°C (Kariya et al., 1968). 

Kusuda and Nakagawa (1978) investigated the bacterial 

number of N. seriolae in the sea water sampled in Nomi 

Bay, Kochi Prefecture, and reported that a large number 

of the bacteria were detected from August to October. 

Furthermore, serum antibody titer against N. seriolae 

significantly increased from August to January of the 

next year in yellowtail cultured in Ehime Prefecture 

(ltano et al., 2008). These results suggest that infection 

of N. seriolae initiate around summer season in cultured 

Serio/a fish species. 

In this study, we investigated prevalence of 

Nocardia seriolae in apparently healthy yellowtail juve-

nile cultured in an open sea net-cage in Owase Bay, 

Japan. We first determined specific antibody titer 

against N. seriolae by ELISA and attempted to detect 

the bacteria by bacterial isolation. Species specific 

PCR reported by Miyoshi and Suzuki (2003) were also 

performed to detect N. seriolae from the spleen and gills. 

Further, immunohistochemistry using rabbit antiserum 

against N. seriolae was carried out to reveal the state of 

the bacteria in the spleen of apparent healthy individu-

als. 

Materials and Methods 

Sampling period 

Yellowtail S. quinqueradiata juvenile fish (n = 5) 

introduced in an open sea net-cage on May 21 were 

sampled in Owase bay on May 29, June 26, July 24, 

August 29, November 20 in 2017 and January 25 in 

2018. Body weight of the sampled fish was recorded at 

each time point except for fish sampled at November 20, 

2017. 

Enzyme-linked immunosorbent assay (ELISA) 

Blood was removed by caudal venous puncture, 

allowed to clot at 4°C overnight and the serum was sep-

arated by centrifugation at 4, 600 xg for 10 min. The 

serum was kept in -30°C until use. Nocardia seriolae 

strain TUMSAT-NS001 isolated from diseased yellowtail 

(Kato et al., 2012) was cultured on 1 % Ogawa medium 

(Nissui) at 25°C for 3 weeks. The colonies on the 

medium (10 mg wet weight) were scraped and sus-

pended in 1 ml of sterile phosphate buffered saline [137 

mM NaCl, 2.7 mM KCI, 10 mM Na2HP04, 1.8 mM KH2P04, 

pH= 7.4, PBS (-)] using a glass homogenizer. After 

several times of freeze-thaw cycle, the bacterial cell sus-

pension was sonicated for 4 min (a 30 s sonication and a 

30 s cooling on ice). Each well of a 96-well plate (ELISA 

plate H, Sumitomo Bakelite) was filled with 25 mM 

carbonate buffer (pH 9.6) containing 5 mg/ml bacterial 

antigens and incubated overnight at 4°C. After remov-

ing the antigen solution, each well of the 96-well plate 

was blocked with 1 % skim milk in tris buffered saline 

containing 0.5% tween 20 (TBST) for 2 h at 4°C. After 

washing three times with TBST, the serum samples 

diluted 1 :20 with the blocking solution was added to 

wells and incubated for 1 h at 4°C. The 96-well plate 

was washed three times with TBST and incubated with 

rabbit antiserum raised against yellowtail immunoglobu-

lin (kindly provided by Dr. lkuo Hirano) diluted 1 :2,000 

with the blocking solution for 1 h at 4°C. Following 

three times washing with TBST, the 96-well plate was 

incubated with goat anti-rabbit lgG secondary antibody 

HRP conjugated (Rockland lmmunochemicals) diluted 

1 :4,000 with the blocking solution. The plate was 

washed as well and incubated with SureBlue TMB 

1-Component Microwell Peroxidase Substrate (KPL) for 

1.5 min at room temperature following manufacturer's 

instructions. Finally, 1 N HCI was added to each well to 

stop the reaction and absorbance (450 nm) was mea-

sured using MPR-A4i (TOSO). 

Isolation of N. seriolae 

The spleen was weighed, homogenized in sterile 

PBS (-) using mortar and pestle, and adjusted 50 mg/ 

ml. One hundred micro litter of the suspension was 

inoculated on 1 % Ogawa medium and incubated for 4 

weeks at 25°C. 

Detection of N. seriolae by PCR 

DNA extraction and PCR to detect N. seriolae was 

performed following the protocol by Miyoshi and Suzuki 

(2003). A piece of the spleen or gills (20 mg) was 

homogenized in 100 μL of sterile PBS (-) as above and 

incubated with 100 μg of proteinase K for 1 h at 65°C. 

PBS (-) supplemented with 0.05% Tween 80 was added 

to the sample up to 1 ml, mixed well and the sample 

was centrifugated at 14,000 xg for 10 min. The pellet 

was resuspended in tris EDT A saline (TES, 50 mM Tris-

HCI; 50 mM NaCl; 5 mM EDTA) supplemented with 1% 

sodium dodecyl sulfate and 200 μg of proteinase K, and 

incubated for 1 h at 65°C. DNA was extracted using 

phenol: chloroform: isoamylalcohol = 25: 24: 1, precipi-

tated by 99.9% ethanol, dried in air and solved in 13 μL 

of distilled water. Reaction mixture contained 1 μL of 

DNA sample, 0.6 μL of the NS1 and NG1 primer (10 μM) 

for 16s rRNA gene of N. seriolae (Miyoshi and Suzuki, 

2003), 3 μL of dNTP mixture (2.5 mM), 10 x Ex Taq buf-

fer (TAKARA BIO) and Ex Taq DNA polymerase 

(TAKARA BIO) were adjusted up to 30 μL with distilled 

water. PCR was carried out for 42 cycles of 94°C for 1 

min, 57°C for 20 s and 72°C for 1 min with a final exten-

sion of 72°C for 10 min. PCR products were electro-

phoresed on a 1 % agarose gel at 100 V for 10 min and 

the gel was stained with Midori Green Advance (Nippon 

Genetics). The gel images were captured under UV 
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light with a digital camera COOLPIX P7800 (Nikon) and 

analyzed using Adobe Photoshop CS6 (Adobe 

Systems). In addition, PCR products were cloned into 

pGEM T-easy vector (Promega) and sequenced using a 

BigDye Terminator v3.1 Cycle Sequencing Kit {Thermo 

Fisher Scientific) with a 3130xl genetic analyzer (Applied 

Biosystems). 

Histology and lmmunohistochemistry 

A piece of the spleen (approximately 5 mm square) 

was fixed in Davidson's fixative for 24 h at room tem-

perature, embedded in paraffin and sectioned at 3 

μm. The sections were deparaffinized and stained 

with hematoxylin and eosin (HE). For immunohisto-

chemistry, deparaffinized sections were blocked with 

1 % skim milk in TBS for 1 h at 4°C and washed three 

times with TBS. Anti-N. seriolae rabbit serum (kindly 

provided by Dr. Terutoyo Yoshida) diluted 1: 400 with 

the blocking solution was added onto the sections and 

the sections were incubated for 1 h at 4°C. In addi-

tion, deparaffinized sections incubated with 1: 400 dilu-

tion of normal rabbit serum was used as a negative 

control. After three times washing with TBS, the slides 

were stained with 3,3-diaminobenzidine (DAB) using 

VECTASTAIN ABC Rabbit lgG Kit (Vector Laboratories), 

following manufacturer's instructions. The DAB stained 

sections were then counterstained with hematoxylin. 

Furthermore, the sections incubated with the primary 

antibody were also stained with a 1: 500 dilution of goat 

anti-rabbit lgG AlexaFluor488 (Thermo Fisher Scientific) 

in the blocking solution, for 1 h at 4°C. The sections 

were washed three times with TBS and counterstained 

with Hoechst 33342 {Thermo Fisher Scientific). Digital 

images were captured using a Nikon ECLIPSE Ti S fluo-

rescence microscope (Nikon) and analyzed using NIS 

Elements software (Nikon). The number of bacteria 

on a section (mean area士 S.D.= 8.6 ± 3.1 
2 .1 mmL) was 

counted under the fluorescent microscopy and infection 

intensity was assessed as weekly positive(+, >10); posi-

tive (++, >50) and strongly positive(+++, >100). 

Mycobacterium sp. TUMSAT Msp-001 isolated 

from cultured yellowtail (Kato et al., 201 O} were grown 

on the Ogawa medium. The colonies were scraped 

and smeared on a slide glass and the slide glass was 

subjected to the fluorescent immunohistochemistry to 

check cross reactivity of the rabbit serum. 

Statistics 

Results were calculated as the mean value of five 

individuals. Significant differences among the sampling 

groups were assessed using one-way analysis of vari-

ance (ANOVA) and Tukey's post-hoc test. P < 0.05 were 

considered statistically significant. 

Results 

Changes of body weight of sampled fish and bacterial 

isolation 

Yellowtail cultured in the cage grew up as usual, 

body weight of the sampled fish increased over the 

experimental period (Fig. 1). No mortality of cultured 

yellowtail including juveniles and yearling fish due to 

nocardiosis was observed in Owase Bay during the 

sampling period. No colony was found from any sam-

pies on 1 % Ogawa medium after the incubation (data 

not shown). 

ELISA 

The serum antibody titers against N. seriolae were 

significantly higher in November 20 and January 25 than 

the other time points (Fig. 2). 
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Fig.1. Body weight of yellowtail sampled in the Owase bay. 
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Fig. 3. PCR detection of Nocardia seriolae 16s rRNA gene from the spleen (A) and the gills (B) of yellowtail sampled in the Owase 
bay. Arrowheads show the amplicon corresponding to 432 bp target sequence. Different characters show significant dif-
ferences. 

PCR 

The number of individuals positive for N. seriolae by 

the PCR increased from July 24 in both of the spleen 

and gills. A PCR amplicon of the expected size (432 

bp) were detected in the kidney from one fish on May 29, 

three fish on June 26, two fish on July 24, two fish on 

August 29, one fish on November 20 and three fish on 

January 26 (Fig. 3A). While the corresponding PCR 

bands were detected in the gills from three fish on July 

24, three fish on August 29, four fish on November 20 

and three fish on January 26 (Fig. 3B). 

Histology and immunohistochemistry 

In this study, granulomatous inflammation which 1s 

the typical characteristic of pathological feature of nocar-

diosis was not observed in any spleen sections exam-

ined (Fig. 4A). However, fluorescence immunohisto-

chemistry detected the long-and short-rod shaped 

bacteria in the spleen of almost all fish examined (Fig. 

4B-D). Furthermore, several bacterial aggregations 

were also detected on the sections in immunohisto-

chemistry with DAB staining (Fig. 4C). Long-and 

short-rod shaped bacteria corresponding to the fluores-

cent immunohistochemistry were found in the bacterial 

aggregations in the high magnification (Fig. 4D). 

Infection intensities assessed by the number of bacteria 

per a section were shown in Table 1. The spleen sec-

tion strongly positive for N. seriolae was frequently 

observed on January 25, while the intensity values were 

relatively low on May 29 and June 26. 

No fluorescent signal was observed on the smeared 

Mycobacterium sp. on the glass slide and the sections 

incubated with normal rabbit serum. 

Discussion 

Previous studies suggest that nocardiosis of cul-

tured yellowtail began between July and August, based 

on the antibody titers (ltano et al., 2008). In this study, 

antibody titer of juvenile fish was higher on November 

and January than the other time points. ・ Further, N. 

seriolae were detected from all samples examined in 

the fluorescent immunohistochemistry and several indi-

viduals were also positive for N. seriolae in the PCR 

detection. However, neither external nor internal 

symptoms were observed in all juvenile fish examined 

in this study. Nocardia farcinica and other pathogenic 

Nocardia spp. often cause asymptomatic latent infection 
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Fig. 4. Histopathology and immunohistochemistry with anti-N. seriola rabbit serum in the spleen of yellowtail sampled in the Owase 

bay. (A) Histopathology in the spleen of yellowtail sampled on May 29 (Fish No. 2). H&E staining. Bar= 100 μm. (B-0) 

Fluorescent immunohistochemistry with anti-N. seriola rabbit serum in the spleen of yellowtail sampled on May 29 (Fish No. 

2, B), on June 26 (Fish No. 4, C) and on May 29 (Fish No. 3, D). Bar= 1 O μm. (E) lmmunohistochemistry with DAB stain-

ing in the spleen of yellowtail sampled on July 24 (E, Fish No. 2). Arrowheads show bacterial aggregations. m, melano-

macrophage center. Bar = 100 μm. (F) High magnification in the corresponding area to the squared area in E. Bar= 1 O 

μm. 

Table 1. 

Fish 
May 29 

PCRa PCRb 

PCR detection of Nocardia seriolae and the number of bacteria per a section of the spleen in yearling yellowtail 

August 29 November 20 January 25 

FIHC' PCR• PCRb FIHC' PCRa PCRb FIHC' PCR• PCRb FIHC' 

＋＋ +++ 

+++ ＋＋ ＋＋ 

+ ++—+ ++ ＋ ＋ ＋＋＋ 

+ +—+ + + ＋ + 

＋ ＋ ＋ ＋ ＋＋ 

June 26 

FIHCc PCR3 PCR0 

1 

2 

3 

4 

5 

• PCR using the spleen samples 
b PCR using the gill samples 
° FIHC, fluorescent immunohistochemistry; + >10, ++ >50, +++ >100 

July 24 

FlHCC PCRa竺Rb

＋ 

＋ ＋＋ 

＋ 

＋＋ 

＋ 

+

＋

+

+

+

 

+

＋

+

+

 

＋ 

＋ 

＋
＋
 

＋
＋
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in immunocompetent patients in human (Shimada and 

lwai, 2010). While, severely immunocompromised 

patients show the progressive, disseminated and life-

threating infection by Nocardia spp. (McNeil and Brown, 

1994). M. tuberculosis also cause a latent infection, 

and the patients with latent tuberculosis infection show 

high antibody titer against ESAT6 (antigen expressed in 

the growth phase) and MDP1 (antigen expressed in the 

dormant phase) (Maekura et al., 2019). Present results 

showed that the juvenile fish cultured in the Owase Bay 

had been already infected with N. seriolae on May 29 

and N. seriolae may also cause latent infection in seri-

ola fish. Yellowtail latently infected with N. seriolae 

might turn out to be the progressive infection when their 

immune activities are suppressed. 

Although long-and short-rod shaped bacteria were 

detected in the spleen of almost all fish examined in 

immunohistochemistry, no bacterial colony was observed 

on the Ogawa medium inoculated with the spleen sam-

pie. Many bacterial species have been found to be a 

viable but non-culturable (VBNC) state under environ-

mental stresses (Li et al., 2014). Pathogenic myco-

bacteria are known to enter VBNC state during infec-

tion of the host in mammals. M. tuberculosis and M. 

smegmatis enters VBNC state under starvation, oxygen 

limitation and altered temperature during the infection 

(Kuznetsov et al., 2004; Shleeva et al., 2004; Downing 

et al., 2005). The VBNC state, characterized by low 

metabolic activity with non-or low-replicating persis-

tence, contributes to their survival in latent tuberculosis 

in human host (Gengenbacher and Kaufmann, 2012). 

When M. tuberculosis is VBNC state in the host, it does 

not cause any diagnosable symptoms until reactiva-

tion (Li et al., 2014). After entering the VBNC state, 

Rhodococcus biphenylivorans cells changed from rods 

to short-rods or cocci and they were significantly smaller 

than exponential-phase cells (Su et al., 2015). Nitrate 

reduction pathway are activated in dormant stage of M. 

tuberculosis and the pathway plays respiratory function 

in the absence of oxygen (Khan and Sarkar, 2012; Akhtr 

et al., 2013). Nitrate reductase genes narG, narH, narl, 

narJ, nirB and nirD that included in the nitrate reduction 

pathway are also found in N. seriolae genome (Yasuike 

et al., 2017). Taken together, N. seriolae detected in 

apparently healthy yellowtail in this study may be VBNC 

state, resulting in latent infection in the fish. 

The number of individuals that are positive for N. 

seriolae in PCR and strongly positive in fluorescent 

immunohistochemistry tended to increase November 

2017 and January 2018. However, bacterial colony 

was not isolated even from none of the spleen sample 

on November 2017 and January 2018. Generally, N. 

seriolae are isolated using 1 % or 3% Ogawa medium 

from diseased fish showing the symptoms of nocardiosis 

(Kariya et al., 1968; Kusuda and Taki, 1973; Kusuda et 

al., 1974; ltano et al., 2002). Bacteria entered to VBNC 

state can be cultivated only under the resuscitation con-

dition, but not under the normal condition (Li et al., 

2014). These results suggest that the bacteria detected 

in the spleen of apparently healthy juvenile fish were still 

VBNC state in the host during the winter season. The 

increase of N. serio/ae in juvenile fish during winter sea-

son may be caused by uptake and accumulation of the 

bacteria from environmental seawater, rather than bac-

terial proliferation in the fish. 

With a few exceptions, the individual strongly posi-

tive for N. serio/ae in the fluorescent immunohistochem-

istry were also positive in the PCR detection. While, N. 

seriolae was almost not detected by the PCR in the indi-

viduals weakly positive for N. seriolae in the fluorescent 

immunohistochemistry. Nocardia species have a thick 

cell wall structure contains complex waxes and glycolip-

ids, so that DNA extraction from the bacterium is 

extremely difficult. Several papers introduce new tech-

niques for DNA extraction from Nocardia spp. such as 

sodium chloride-TRIS-EDT A-triton method (Bafghi et al., 

2014) and microwave oven method (Faghri et al., 2014). 

These techniques may contribute better PCR sensitivity 

to detect N. seriolae in apparent healthy yellowtail. 

In conclusions, the juvenile yellowtail cultured in the 

Owase Bay had been already infected with N. seriolae 

even immediately after the introduction into the marine 

cage. In these infected but apparently healthy fish, N. 

seriolae may be in VBNC state and cause latent infec-

tion. The present study revealed the actual prevalence 

of N. seriolae infection in yellowtail cultured in Owase 

Bay, as an example. Further epidemiological survey is 

needed to understand the perspective of the prevalence 

of N. seriolae infection in cultured yellowtail. 
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三重県尾鷲湾の養殖ブリにおけるNocardiaserio/aeの
感染状況

加藤豪司•岡謙佑•松本萌
金丸素久・山本脆人・佐野元彦

尾鷲湾で飼育されているブリにおける Nocardia
seriolaeの感染率を調査した。 2017年5月， 6月， 7月，
8月， 11月および2018年 1月に，ブリ当歳魚から鱚，血
清および牌臓を採取した。血清中の N.seriolae特異抗体
価は11月および 1月に有意に上昇した。 5月， 7月， 8 

月， 11月， 1月に取り上げた 1~4尾の鯉や牌臓からは
N. seriolaeの16SrRNA遺伝子が PCRにより検出された
が，いずれの組織からも菌は分離されなかった。また，
抗ノカルジアウサギ血消を用いた蛍光免疫組織化学では，
N. seriolaeと思われる長枠菌および短梓菌が試験に用い
たすべての牌臓組織切片において検出された。これらの
ことから，尾鷲湾で養殖されていたブリは 5月の時点で
すでに N.seriolaeに感染しており，菌は魚体内で viable
but non-culturable (VBNC)状態で保持されていた可能
性が考えられる。
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