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Abstract

In October 2021, goldfish (Carassius auratus) that reared in an aquarium continued to die and the cause
analysis has begun. For diagnosis, biological, molecular and histopathological analysis were conducted, and
samples are divided with symptomatic and asymptomatic objects. The 16s rRNA target region was
identified from tissue (kidney+spleen) sample of asymptomatic fish, and the sequenced result shown 100%
homology with Mycobacterium fortuitum. In histopathological studies, various size of granuloma and
inflammatory regions are observed in kidney tissue of all tested fish, and acid-fast bacteria staining positive
reactions are observed inside or outside the granuloma. In order to diagnose mycobacteriosis, accurate
preparation is required along with various diagnostic methods, and more attention is needed in handling
aquarium fish management to prevent mycobacteriosis.
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[Fig. 1] White nodules observed on surface of
visceral organs(arrow; nodule).
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g EAXAI Mycobacterium fortuitum (GenBank
MN513221.1)9} 100% L5+t

[Fig. 2] Gel loading results of 2nd step PCR
products. Lanel; no.l spleentkidney,
lane2; no.2 spleentkidney, lane3; no.4
spleen+kidney+nodule, lane4; no.4
spleentkidney, lane5; no.7 nodules,
M:marker, NC: negative control, arrow:
position of 500bp.
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<Table 1> Information about sample fish and used diagnostic methods

No Length Weight White Bacterial dila{;?iis P(\:}iuzor PCR for Histolo g‘ical

(cm) (g) nodule culture kit analysis NTM* analysis
1 10.7 13.25 - T O O O X
2 8.9 9.75 - T O O O O
3 8.8 8.67 - - X x x X
4 9.4 13.49 + T,M,0 O O O O
5 8.2 8.19 +@ - x x x x
6 7.5 5.13 - - X X X X
7 7 4.99 +3 T,M,0 O O O

*; Non-tuberculous mycobacteria, -; no gross finding, +";white nodules in surface of mesentery, spleen

enlargement, +(2);

s

s

congestion at caudal fin, +%; scoliosis, white nodules in kidney and surface of mesentery, T

TSA medium culture, M; Middlebrook7H10 medium culture, O; Ogawa medium culture, ojused, x; not used

<Table 2> Information about PCR primer sets and PCR conditions used for mycobacteria identification

Sen Primer set PCR condition
Mycol6s F o . . o .
st
! 5 GAGAGTTTGATCCTGGCTCAG-3’ denature 9?1 C Imin, annealing 68°C 3min,
39cycles. (Kirschner et al., 1993; Stany and
step Mycol6s R Pavlik, 2012)
16S 5’>-TGCACACAGGCCACAAGGGA-3’ ’
rRNA Mycol6s NF . .
nd 0, 0, . O,
2 5-CTTAACACATGCAAGTCGAAC-3’ 95°C for Smin,[95°C for Imin-60°C for
45s-72°C for 1min]x30cycles,72°C for 1min
step Mycol6s NR

S-TTTCACGAACAACGCGACAA-3’

(Stany and Pavlik, 2012)
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[Fig. 3] Histopathological features of asymptomatic(no.2) and symptomatic(no.4) goldfish. A:Mesentric
membrane around intestine of fish no.4, B:Kidney of fish no.4, C:Kidney of fish no.2, D:Kidney
of fish no.2, E:Intestine of fish no.2, F:Gill of fish no.2, G:Liver of fish no.4, H:Heart of fish
no.4. (a; adipose tissue, i; intestine, g; granuloma, n; necrotic region, p; pancreatic tissue, T;
renal tubule, v; vessel, arrow; acid-fast bacteria in macrophage, white circle; infiltration of
inflammatory cells, A~C&E~H are H&E staining, D is Acid-fast bacteria staining, Scale bars
size are indicated in figures.

- 972 -



Tate 280{(Carassius Auratus)2| H|

v. &

rHu

osolA BelHe vhol ate|zlols WA
oz olse WA 7 Al 4% S5
o] we} FA Slow-growing mycobacteria (SGM)$}
Rapidly growing mycobacteria (RGM)Z U™
SGME Alxt wiefAl MAFA S0 wet B
37N types©E  YdThRunyon, 1959). M.
Sortuitum-& RGMell &3} o] FoA= HZHE
2 (Paracheirodon  innesi)| Al A5 EFHAL
(Ross and Brancato, 1959), ©] & t}Fgh ofFo]
%32 4 H tH(Gaithier and Rhodes, 2009). &,
F+d8d BERE VIMSE M fortuitume
Mycolibacterium fortuitum2.2 HF2ZE=E 3}F oL}
(Gupta et al., 2018; Oren and Garrity, 2015) SA)
A M. fortuitum3} EE= 3 ) Th

offol e mlolmutEelel geFe o
9, meee, ARAY == 2P 2o AR
F4el UBhbIs ST g9y Sold 34
glol B2 W A7lel fobgol FHH/E Bk

(Geebe et al.,, 2018; Francis-Floyd, 2011; Gauthier
and Rhodes, 2009). £ AFA MFuFoZ of
=S U ﬂr%,ﬁ_ H]T}E’.E A. veronii7t A&7

o
HU
E
i
o
i

i
R
ot
Zi
ro
1 o]N

ol E7 ookowr %@ e 01?1 7Hzﬂ°ﬂ*1»—
|

TH(Shameena et al., 2020). WeFA o] HAR
le YAZHo| AH-S FAsty W x2eF
ArpNA Aol A7 Sobs e ezl nt
ol sute|glote] o7k Z o7 AU
npojsutE oo Ao 22 U FolFol
FRHE BT, 0}7PU]E vl el 3k WA, A
&A7HA Folge FAs7I=  SFAITH(Chinabut,
1999; Noga,, 2010), ¥ ZAA 1" M

Sortuitum® &3 FAFL 53] AAoA HolF

1:1

ml

[ex

I
2
ok
z
el
N
2
o
=2
e
re
kl
2

Al 23] &3 u}ﬂi,q-z]_/] 3ol T&%Qﬁ’ii, H]

+ ¥x7 g9 AE7 &7 Melano-
macrophage centers (MMCs)2] A o] F=2HTh
AgzA ol FAH KobF W QZJQ A=

%oﬂﬁ Uehte o
E -’F c)/113]-(Ch1nabu‘[,, 1999).
Talaat et al.(1999)°] &1& HWIOE M forwitum
S AFEE10Y cfu) FAGE ARG, FAb
T 25 vl Eupqo] #AEHI, 45 Fo ¥HA
5 Fgo] #EEHATE A= ATk

AR Adde ot AAMPHS AR
TVEAT, Be A

3tal o]F Ale] wijekol| A8-E+E Middlebrook
THI0 ®lA]9} Ogawa HiA|ol AliFS wlYF3 h 2t
St o} o] o] Fo XA gkl &<

Ado] glo] It A AR v S é—:_‘/\lf‘&
& WA A PCRAEALZ M. fortuitum®
T& AT AHEE 7ML A HA
Aol FRIFUE A A H}Oli‘#ﬂlavﬂl o
g PCRAAE 9&3HA] ZAE olfol tisliA e,

g

- 973 -



ol -

Ao BA4H AAE Aat

R Ao me e

£ Gu3E sERE

£Ae FolEL AT ARZRY AT W4
P

WA Z3e 7hsAol =

e
o
i
e
s}
o
Q
o
=3
Q
=R
3
N
=
M
i)
T

f
)
)
>~
>
2
X
2

CONE U

A el BE vholutH ol #F7L 5
UF MFRANBEF, WAYE, S, AL

CO&HF &)NA HieFo] o] FoiAA & 7HsA
ol Slo] thefi MiYgxS Hsteiol Fouk
(Stephenson et al., 2019; Buijtels and Petit, 2005;
Precce et al, 2016) °l°ll i3t A FH7} vl
TR, FEEAS 08T rtF=olA mlo
Fatg|glote] #akFEol] fEldt W (Amaro et
al., 2008; Amita et al, 2002)S AFE3IA] ¥ o
WAl AZS} 2Ho] FEHE JES o] fahi
A A AJATFS] izl Rl "ol
A AAEH E=E 7MY HE o]F NIM
Adsol te g Sl A5l FoloF & F
ot}

st HE 165 RNA FHAE &3
NTM gkl tigh mzhd, Aebd 2o AEA
= ZA7] ffal 10d sk A lHE vE
&l

HA, oHE
=
L
[e]

tlo
L

d

O
M
o

2 vl= Ak 7 Wdelel A 3wk
vto]gute o} RS ZAFE AFAT W=
i, didel & 1077k 7Rl 8svhelellA wiol
sute oyt FelEglon ols & 60.9%7F
M. fortuitum =2 1 T1FM. fortuitum group I}
M. fortuium GT)C.% &R1E HE=E wAx o] 1}
ehubar 1o, QUAl e FaehA oFee
ko] #ull§ oo Wl Tt o

23F QITh(Kugar et al, 2017). HE8t FH
IE M fortuitum® FAA AT oA o]

e FAAAZAFAAL A TS
L glew olgfdt 74 542 A A
73R H O RA dobds F S dlFe

1 = Zo|th(Morgado et al., 2021). 942
gt tlEo] olFe] At AHT AmAE &
g5 vE = Qe M fortuitum®F 2 NTMO]|
e A= oFEE AHHoE WS THA AL

Qs ofo} & A% oA,

o K

RSt bW

a2
> oo |o
©

O:

References

Adams A, Thompson KD, McEwan H, Chen S-C and
Richards RH(1996). Development of monoclonal
antibodies to Mycobacterium spp. isolated from
Chevron snakeheads and Siamese fightingfish.
Journal of Aquatic Animal Health 8(3), 208~215.
http://doi.org/10.1577/1548-8667(1996)008<0208:D
OMATM>2.3.CO;2

Amaro A, Duarte E, Amado A, Ferronha H and
Botelho A.(2008). Comparison of three DNA
extraction methods for Mycobacterium bovis,
Mycobacterium tuberculosis and Mycobacterium
avium subsp. avium. The Society for Applied
Microbiology. Letters in Applied Microbiology
47(1), 8~11.
http://doi.org/10.1111/1.1472-765x.2008.02372.x

Amita J, Vandana T, Guleria RS and Verma
RK(2002). Qualitative evaluation of mycobacterial
DNA extraction protocols for polymerase chain
reaction. Molecular Biology Today, 3, 43~50.

Austin B and Austin DA(2007). Bacterial Fish

- 974 -



a8 2E0{(Carassius Auratus) | HIZsEMT ZHAS|

Pathogens, Springer Netherlands, Dordrecht.
http://link.springer.com/10.1007/978-1-4020-6069-4
(Accessed 19 April 2016)

Barrows M, Koeppel K, Michel A and Mitchell
E(2017). Mycobacterial Arthritis and Synovistis in
Painted Reed Frog(Hyperolius marmoratus). Journal
of Comparative Pathology 156(2-3), 275~280.
http://doi.org/10.1016/j.jcpa.2017.01.005

Barcovier H, Fishman Y, Nahary R, Sinai S,
Zlotkin A, Eyngor M, Gilad O, Eldar A and
Hedrick RP(2005). Cloning the koi herpesvirus
(KHV) gene encoding thymidine kinase and its
use for a highly sensitive PCR based diagnosis.
BMC Microbiology 5, 13
http://doi.org/10.1186/1471-2180-5-13

Bataillon E, Dubard J, and Terre L(1897). Un
nouveau type de tuberculose. Comptes Rendus
des Sceances de la Societe Biologie 49,
446~449.

Bocart D, Lecossier D, De Lassence A, Valeyre D,
Battesti J-P and Hance AJ(1992). A search for
Mycobacterial DNA in granulomatous tissue from
patients with sarcoidosis using the Polymerase
Chain Reaction. America Review of Respiratory
Disease 145(5),1142~1148.
http://doi.org/10.1164/ajrccm/145.5.1142

Buijtels PCAM and Petit PLC(2005). Comparison
of NaOH-N-acetyl cysteine and sulfuric acid
decontamination ~ methods for recovery of
mycobacteria from clinical specimens. Journal of
Microbiological Methods 62(1), 83~88.
http://doi.org/10.1016/j.mimet.2005.01.010

Cabic E, Cabid AG, Esposo SM, Dizon F,
Quinones GJ and Guia A(2018). Alternative method
for histopathological detection of Mycobacterium
tuberculosis and Mycobacterium leprae using a
modified Acid-Fast technique. Philippine Journal
of Pathology.
http://doi.org/10.21141/PJP.2018.007

Chinabut S(1999). Mycobacteriosis and Nocardiosis.
In:WIPTK,Bruno DW(Eds.), Fish Diseases and
Disorders. CAB International, New York, NY,
319~340.

Crowder C and Taylor HW(1996). Modified Fite
stain for Demonstration of Mycobacterium species

in tissue section. Journal of Histotechnology

e

ot &

19(2), 133~134.
http://doi.org/10.1179/his.1996.19.2.133

Emmenegger EJ, Meyers TR, Burton TO and
Kurath  G(2000).  Genetic  diversity  and
epidemiology of infectious hematopoietic necrosis
virus in Alaska. Disease of Aquatic Organisms
40, 163~176. http://doi.org/10.3354/dac040163.

Falkinham JO II1(2021). Ecology of nontuberculous
mycobacteria. Microorganisms 9, 2262.
http://doi.org/10.3390/microorganisms9112262

Francis-Floyd R(2011). Mycobacterial Infections of
Fish; SRAC Publisher: Stoneville, MS, USA,
1~12.

Frank JA, Reich CI, Sharma S, Weisbaum JS, Wilson
BA and Olsen GJ(2008). Critical evaluation of
two primers commonly used for amplification of
bacterial 16S rRNA  gens. Applied and
Environmental Microbiology 74(8), 2461~2470.
http://doi.org/10.1128/AEM.02272-07

Gauthier DT and Rhodes MW(2009). Mycobacteriosis
in fishes; A review. The Veterinary Journal 180(1),
33~47.
http://doi.org/10.1016/.tvj1.2008.05.012

Geebe N, Michel AL and Hlkwe TM(2018).
Non-tuberculous Mycobacterium species causing
mycobacteriosis in farmed aquatic animals of
South Africa.
http://doi.org/10/1186/s12866-018-1177-9

Gupta RS, Lo G and Son J(2018). Phylogenomics
and comparative genomic studies robustly support
division of the genus Mycobacterium into an
emended genus Mycobacterium and four novel
genera. Front Microbiology 9, 67.
http://doi.org/10.3389/fmicb.2018.00067

Jacobs JM, Stine CB,Baya AM and Kent ML(2009).
A review of mycobacteriosis in marine fish.
Journal of Fish Diseases 32, 119~130.
http://doi.org/10.1111/1.1365-2761.2008.01016.x

Kirschner P, Springer B, Vogel U, Meier A, Wrede
A, Kiekenbeck M, Bange F-C and Botger E(1993).
Genotypic identification of Mycobacteria by
Nucleic acid sequence determination: report of a
2-year experience in a Clinical Laboratory.
Journal of Clinical Microbiology 31, 2882~2889.
http://doi.org/10.1128/jcm.31.11.2882-2889.1993

Kusar E, Zajc U, Jenci¢ V, Ocepek M, Higgins J,

- 975 -



ol -

Zolnir-Dové M and Pate M(2017). Mycobacteria
in aquarium fish: results of a 3-year survey
indicate caution required in handling pet-shop
fish. Journal of Fish Diseases 40(6), 773~784.
http://doi.org/10.1111/j£d. 12558

Morgado S, Ramos NV, Freitas F, Fonseca EL and
Vicente AC(2021). Mycolicibacterium  fortuitum
genomic epidemiology, resistome and virulome.
Memorias do Instituto Oswaldo Cruz 116, €210247.
http://doi.org/10.1590/0074-02760210247

NIFS(National Institute and Fisheries Sciences).
(2017). Development of diagnostic kit for three
bacterial disease in olive flounder.
http://doi.org/10.23000/TRK0O201700007563

Noga EJ(2010). Problem 55: Mycobacteriosis. In:
Fish Disiease Diagnosis and Treatment, o edition,
Ames, [A:Wiley-Blackwell Publishing, 204~208.

Novotmy L, Halouzka R, Marlova L, Vartosova L,
Slany M, et al(2010). Morphology and distribution
of granulomatous inflammation in freshwater
orament] fish infected with mycobacteria. Journal
of Fish Diseases 33(12), 947~955.
http://doi.org/10.1111/j.1365-2761.2010.01202.x

Oren A and Garrity GM(2015). Validation list
no.164. List of new names and new combinations
previously effectively, but not validly, published.
International Journal of Systematic and Evolutionary
Microbiology, 65, 2017~2025.
http://doi.org/10.1099/ijs.0.0000317

Pate M, Jencic V, Zolnir-Dove M and Ocepek
M(2005). Detection of mycobacteria in aquarium
fish in Slovenia by culture and molecular methods.
Disease of Aquatic Organisms 64, 29~35.
http://doi.org/10.3354/dac064029

Porvaznik I, Solovicl and Mokry J(2016). Non-
Tuberculous Mycobacteria: Classification, diagnostics
and Therapy. Advs Exp. Medicine biology-Neuroscience
and Respiration 27, 19~25.
http://doi.org/10.1007/5584 _2016_45

Prearo M, Zanoni, RG, Campo Dall’Orto B,
Pavoletti E, Florio D,Penati V and Ghittino
C(2004). Mycobacterioses: emerging pathologiesin
aquarium fish. Veterinary Research Communications
28 (Suppl. 1), 315~317.

Preece CL, Perry A, Gray B, Kenna DT, Jones
AL, Cummings SP, Robb A, Thomas MF,

O
M
o

Brodlie M, O’Brien CJ, Bourke SJ and Perry
IJD(2016). A novel culture medium for isolation
of rapidly-growing mycobacteria from the sputum
of patients with cystic fibrosis. Journal of Cystic
Fibrosis 15(2), 186~191.
http://doi.org/10.1016/j.jc£.2015.05.002

Ross AJ and Brancato FP(1959). Mycobacterium
Sfortuitum Cruz from the tropical fish, Hyphessobrycon
innesi. Journal of Bacteriology 78, 392~395.
http://doi.org/10.1128/jb.78.3.392-395.1959.

Runyon EH(1959). Anonymous mycobacteria in
pulmonary disease. Med Clin N Am, 3(1), 273~290.

Shameena SS, Kumar K, Kumar S1, Kumar S2 and
Rathore G(2020). Virulence characteristics of
Aeromonas veronii biovars isolated from infected
freshwater goldfish(Carassius auratus). Aquaculture
518, 734819.
http://doi.org/10.1016/j.aquaculture.2019.734819

Simon A, Onya O, Mazza-Stalder J, Nicod L,
Gilbert G and Ktia J(2019). Added diagnostic
value of 16S rRNA gene pan-mycobacterial PCR
for nontuberculous mycobacterial infecctions: a
10-year retrospective study. Eurpean Journal of
Clinical Microbiology and Infectious Diseases 38,
1873~1881.
http://doi.org/10.1007/s10096-019-03621-z

Stany M and Pavlik 1(2012). Molecular detection of
nontuberculous mycobacteria: advantages and limits
of a broad-range sequencing approach. Journal of
Molecular Microbiology and Biotechnology 22,
268~276.
http://doi.org/10.1159/000342517

Stephenson D, Perry A, Appleby MF, Lee D,
Davison J, Johnston A, Jones AL, Nelson A,
Bourke SJ, Thomas MF, De Soyza A, Lordan
JL, Lumb J, Robb AE,Samuel JR, Walton KE
and Perry JD(2019). An evaluation of methods
for the isolation of nontuberculous mycobacteria
from patients with cystic fibrosis, bronchietasis
and patients assessed for lung transplantation.
BMC Pulmonary Medicine 19, 1~12.
http://doi.org/10.1086/s12890-019-0781-2

Stone DM, Ahne W, Denham KL, Dixon PF, Liu
CT-Y, Sheppard AM, Taylor GR and Way
K(2003). Nucleotide sequence analysis of the
glycoprotein gene of putative spring viraemia of

- 976 -



g 80 (Carassius Auratus)2| H|ZaELT ZHHdEof 2Hst I&

carp virus and pike fry rhabdoviru isolates http://doi.org/10.1016/s0378-1135(99)00002-4

reveals four genogroups. Disease of Aquatic Willson SJ, Kaufman MG, Merritt RW, Williamson

Organisms 53, 203~210. HR, Malakauskas DM and Benbow ME(2013).

http://doi.org/10.3354/da0053203 Fish and amphibians as potential reservoirs of
Talaat AM, Reimschuessel R and Trucksis M. Mycobacterium ulcerans, the causative agent of

(1997). Identification of mycobacteria infecting Buruli ulcer disease. Infection Ecology and

fish to the species level using polymerase chain Epidemiology 3, 19946.

reaction and  restriction enzyme  analysis. http://dx.doi.org/10.3402/iee.v3i0.19946

Veterinary microbiology 58(2-4), 229~237.
http://doi.org/10.1016/s0378-1135(97)00120-x

Talaat AM Trucksis M, Kane AS and Reimschuessel ® Received : 30 September, 2022
R(1999). Pathogenicity of Mycobacterium fortuitum ® Revised : 18 November, 2022
and Mycobacterium smegmatis to goldfish, Carassius ® Accepted : 25 November, 2022
auratus. Veterinary Microbiology 66(2), 151~164.

- 977 -



	관상용 금붕어(Carassius auratus)의 비결핵항산균 감염증에 관한 고찰
	Abstract
	Ⅰ. 서론
	Ⅱ. 연구 방법
	Ⅲ. 연구 결과
	Ⅳ. 결론
	References


