ol ats) 4 #) 20 9 A 1 5 (2007)
J Fish Pathal., 20(1) : 1~ 23(2007)

0
FY5aere

A review of nocardial infection in fishes

Deok Chan Lee, Mi Young Cho and Soo Il Park **

Pathology Team, National Fisheries Research and Development Institute, Busan 619-902, Korea
*Department of Aquatic Life Medicine, Pukyong National University, Busan 608-737, Korea

Nocardia spp. are aerobic, filamentous, Gram-positive bacteria that found in nature as soil, plants and
water saprophytes. The organisms are classified on the basis of morphology, biochemica characteristics,
chemical composition of the meso-diaminopimelic acid (meso-DAP), arabinose/gal actose content, mycolic
acid and/or guanine plus cytosine content, and 16S rDNA/rRNA sequencing analysis. Pathogenic species of
Nocardia cause a chronic infections in humans and animals, including the aquatic lower animals (Cetaceans
and Seals), fishes and oysters. The first case of afish infection caused by Nocardia spp. (N. asteroides) was
described in neon tetra, Hyphessobrycon innesi by Conroy and Vadez (1963). After this, pathogenic strains
of N. seriolae (formerly N. kampachi), N. salmonicida, N. crassostreae and Nocardia sp. were described as
acausal agents of nocardiosis, in various fish and Pacific oyster farms, and infection of Nocardia sp. caus-
ing mass mortality of farmed snakehead has emerged in Korea of 2005. Sluggish or flashing behaviour,
emaciation, exophthalmia and distended abdomen are the clinical sign of this disease. In later stages,
appearance nodular and diffuse granulomatous lesions were found in skeletal muscle, gills and any of the
visceral organs. The primary isolations of fish nocardia were achieved using brain heart infusion agar,
Dorset egg agar, glucose yeast extract agar, (5%) goat blood agar, Lowenstein-Jensen medium, nutrient
agar and tryptic soy agar. Ogawa media have also been used successfully. In human, it is thought that the
principles are applied to aquatic animals, pathogenic strains of nocardiae are not killed by phagocytes,
including the macrophages, monocytes and/or neutrophils. These organisms must have the ability to avoid
being killed by phagocytes, as inhibit the fusion between the phagosome containing the bacterial cells and
lysosomes, involves the acidification of the phagosome, modulates lysozomal enzyme and resist to oxygen
radials by superoxide dismutase (SOD) and catalase. Outbreaks of nocardia infection in aguatic animals
have been associated with stressor, such as crowding, handling, high temperature, rainfall and spoiled feed.
And use of chemotherapeutants have not the desired effect because of infected organs have revealed charac-
teristic granulomas. Therefore a healthy management is probably the most important factors in the preven-
tion of nocardial disease.

Key words: Nocardia, Nocardial infection, Granulomatous lesion, Aquatic animal.

LM 2 kX9 A Nocardia spp. = A80F o2} ¢l
ZEAN, Aol da 5ol S w2 o

B T AE 2 18 &, 58 i HIES aAAEdIA wElHEL Aok
WS {78 Bl 288 9328 sp7)=  (Vadez and Conroy, 1963; Snieszko et al., 1964,
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Campbell and MacKelvie, 1968; Walton and
Libake, 1974; Walton and Libake, 1974; Pulverer
and Schaal, 1978; Orchard, 1979; Schaal and Bea
man, 1983; Chen, 1992; Chen et al., 2000; Park et
al., 2005; Wang et al., 2005). <17Fe 2 HE] Hg]
H ¢ = N ageroides24] WS g o]
AstENS W WY sk= 7dEFe] Wew (Young
et al., 1971; Backwel munksgaard 2004), =2 7]

o] FYEe] HA9, ded 55 5o

\J_ﬂtg@% do 7T A AfolE Hedelut
2=eF =o] 214 nocardiosis® UEFITH (%

ofi

. 1995).

FAAE A nocardiaed]] 293 AHLS
Mycobacterium +-2] 7}l oJgk vjsf Hrp A
= 2O 1} (Chinabut, 1999), ¥A}o], Lok ofF,
Aol 3} o1F B AHEA 5 vhekal el A2
She olRwyl opje} e FAF B2
Tew ﬂ% 2 uchARbRE =R A4
&S FE ol EFsEAA AHS sk
RO =7 LHSI Jrt (Vadez and Conroy, 1963;
Snieszko et al., 1964; Campbell and MacKelvie,
1968; Fier et al., 1970; Friedman & Hedrick, 1991;
Chen, 1992; Friedman et al., 1998; Chen et al.,
2000; Lipscomb, 2001; Park et al., 2005; Wang et
al., 2005; CCWHC, 2006; Schmitt et al., 2007).

Nocardiaecl] o]gh 71¢l2 <17+ 7IEf S5
7 FHEsle] = A¥o|n g I
o ZHolA vl FQ 3 FO 2 YehEn, 53]
Nocardiasp. 72 20053 6ol sl AR 7=
A Joi e i ANE el (Paket
al., 2005), o] Sfjolla o] A Har Al o],
FElvel =gk el o3k o7 AdFE
oA AEA Eeh= @1k AlZI7F HATk

JuEE 2 FHAE Nocardia <5 Al
% o E HIES FAANEC A EHE A
B AW e 54, Belet vidk ol el
FEu7eE PRl

e <o) Welukg %
wiste] st Al sk

A

=

2. M2 =&

Nocardia+= 188811 4x°] AW 02 FE| {5
o o]Esfol Nocardiafarcinica® == 5]
T} (Lechevalier, 1989). AlstollA] FHFEe] Hile
HERE e 27170 APl og Z2d
A 7+ AbE25-E] Mycobacterium 7+d=9)
tuberculosis tisted 72723 (pseudotubercu-
lods) o]z} 1932 (Eppinger, 1891), ©1%- N.
asteroides® 7% o] nocardiaec] tidl type
gran’ ¢ 2 7353 ¢Jt} (Gordon and Mihm,
1962; Lechevdier, 1989). Al¢rolvt F&=2] <
Az #AHo] Yd= Nocardia =© 2= N. ader-
oides, N. brasilienss, N. farcinica, N. nova, N. oti-
didiscaviarum (N. caviag) 2 N. transvalensis 5|
Q.0 ™ (Lechevalier, 1989), ©] & vw]=roll4<= N
ageroidese] ¥ H=rt 7P B3 AAIZORE
+ N. brasiliensis®] #& W=7} 73 =t
(Beaman et al., 1976).

Bergey s Manual of Determinative Bacteriology
(9th ed.) oA Nocardiag; A g~ WAl
(Order Actinomycetales), -4 <=2} (Family Actin-
omycetaceae) ol <3&h, dukxlo g AT
(Actinomyces) ozl 7 2= wﬂ v
A= 2 573kl Tt (Holtetal., 1994). o] -
v oA G- Z71el BSR RS2 AdAsla &

A SHARE Ugroll= HXF R B BRike]
S YE= 5448 7RIt A2 ok
= &<t of" @AM A ) S Bk Al
& o Aolsl=1] (Gottlieb, 1973), Hej o =
TFolel AR APFAIE I Sk WA ]
Sreptomyces+ AR AR B4, 71F A
o] YA, wAke] B Bl x| A ot F
o] Hel¥ 542 7RItk WA I
At 5 7P ddek 23t el E VA e
Aoz ol gt #3} Fell= FFoldAx: &
ZE AR, AU 7F §13L FAE 7Rsthe
WA 5788 7R AL Ut (Tablel).
Lechevdier and Lechevdier (1970) = el &4



o}7-2] Nocardia 7=l thatel 3

Table1. Identification of Nocardiaand fungi (7 %, 1993)

Characterigtics Nocardia Fungi
Subsistence of:
nuclear membrane - +
mitochondria - +
chitin - +
Reproduction by:
Spirit +
budding - +
spore - +
Susceptibility of antibiotics:
penicillin -
sulfonamides +
antifungal - +
Staining:
Gram stain + +
acid-fast gain +
Demand at:
aerobic + +
anaerobic -
Epidemiology (in mammalian):
internal cause - +
externa cause + +

573l elste] WAda 370¢] groupo®
SHATE = O #AE EA Ho] Zhtolvt 3
o] 9|2 4 == nocardioform group (Actino-
myces, Oerskovia, Nocardia, Mycobacterium =!
Rhodococcus 5), @ el 237t waslar thek
gk Fel o] TAE FAdske EAYP AAAR]
Sporoactinomycetes group (Streptomyces ), @
AL o] ke R wEstEe 54 7R
Multilocular sporangia (Dermatophilus ) 50 &
etk FeEishs R oseid A
Bergey's Manual of Determinative Bacteriology
(Holt et al., 1994) ol X = AYstsra] 54l w2t

"The high G+C Gram positive: High G+C content
of DNA; Bacteriairregular cell shape volume®l] 2
sksled 870¢] group (suborder) &2 72 A=
stk 18132 1990t 16S rDNA/rRNA
sequencingel] oJgk 5 7Heol H8-=o] {3
512 EXdo <]sle] order Actinomycetdes ol
Family Mycobacteriaceae 2} Nocardiacese”} <55}
Al = Family Nocardiaceaesl] Genus Nocardia
o) TheFe o] EFHEE Table 2014 9} -2
EFAAIE AFskA T (Chun and Goodfellow,
1995; Rainey et al., 1995; Stackerbrandt et al.,

1997). spAI N o5 AT e tte] EAE S}



Table 2. Classification sysem of Nocardia

Sporoactinomycetes group: Srptomyces
Multilocular sporangia: Dermatophilus

Morphological classfication (Lechevdier & Lechevdier, 1970)
Nocar dioform group: Actinomyces, Nocardia, Mycobacterium, Oerskovia and Rhodococcus

Nocar dioform group
Multilocular sporangiagroup
Actinoplatenes group
Streptomycetes group
Maduromycetes group
Thermomonosporagroup
Thermoactinomycetes group
€fc. group

Chemical classification (Berger'sManua of Determinative Bacteriology, Sth ed.; Holt et al., 1994)

Class Actinobacteria
Order Acidiomicrobiaes
Actinomycetdes

Bifidobacteriales
Coryobacterides
Rubrobacteriales
Sphaerobacteriaes

Genebased classfication (16SrDNA/RNA sequencing; Stackerbrandt et al., 1997)

Suborder Corynebacterineae
Family Mycobacteriacese
Nocardiacese

GenusNocardia

Rhodococcus

FAPEE 015 32, Nocardia asteroides A3
2J31= SOD 2] ¢cDNA sequence A1 -& vl o=
3led A2 primer S ©]-8-3PH Mycobacterium,
Rhodococcus, Gordonia 2! Sreptonmyces 53 1L
P35 JERATH (Loeffler et al., 2004).
Nocardiae®] 771 Al 9] 717k &
oF el 8h4, slote I3 R st Aol 9

3l Ba] Al 9o theksk o] Aexgith

Z mycolic acid= WAd T A% =
Mycobacterium <3} Actinomycetales (Nocardia,
Gordonia, Rhodococcus, Dietzia, Tsukamurella 2
Corinebacterium o) -] ol vk g =]o] 2L
ong BE QAR AR 7FsE (Minnikin
and Goodfellow, 1981; Butler et al., 1987,
Lechevalier, 1989; Goodfellow, 1992), mycolic
acid= peptidoglycan=} arabinogalactan polymer



©}5-2] Nocardia 715l tiste]

o] oJsled A=l Itk Nocardise’t 7HA+=
mycolic acid= CucllA] Ce 2] ThI3F E4a
(carbon chain) & 71x]+=d] ©]+= Mycobacterium
<% Nocardia<r 2 Corinebacterium o5 =0 2
=t} (Butler et al., 1987; Goodfellow, 1992; 57K
=, 2005). 53] ojF Wxlel BEe] A= N,
siolaex= E59] mycodlicacidE v} k-5l
2tk (Kudo et al., 1988). Mycolic acidol] 2]&- N.
asteroides complex Aol 2] 542 B3l (the
degree of saturation), Hw 4= (the average of
carbon number) ¥ e-dkyl branche] % 59l
olsle] FEEo] A 4 ek (Nishiuchi et al.,
1999).

Q17ke] WS 7FA+= N. asteroides, N.
farcinica 2! N. nova 52 N. asteroides complex’
Bt o5 9] BRE olFRE we £k
el =lo} %] gkth N. ageroidescomplex+= 34 &
Ae] el met 571 %= =Hl N, aster-
oides= cefamandole<} tobramycinel] 7=A-S
71X, N. farcinica+= erythromycin, cefamandole
gl tobramycinel] #&4d-2 A, N. novat™=
erythromycin, cefamandole 2! tobramycinel] 7<=
A& 712t} (Biehle et al., 1996; Kageyamaet al.,
2004). T3 o5 <zk AT Fo Ao
biochemical, physiological 2 nutritional characters
(Goodfellow, 1971; Kurup and Schmitt, 1973),
antibiotic sengtivity (Wallace et al., 1991), opacifi-
cation of Middlebrook agar (Flores and Desmond,
1993), yeadt killer system (Provst et al., 1995) 2!
PCR-restriction fragment length polymorphism
(Steingrube et al., 1997) 5] WHEC] 2E&=3L
Ak

3 M| EM

Nocardia spp. = $717, A B! Hle-54d <
T3 P AFoZ A1 FAlCA freeliving S

s A7, A%, B % A% BN B

= AFE71Aelth (Orchard and Goodfellow,
1980; Lechevalier, 1989; Austin and Augtin, 1999;
Frerichs, 1993).

Nocardiae <] el = brain heart infusion agar,
2% trypton agar 2 nutrient agar 5ol A AL
Fel = PFE, ol HiX|dA 30°C, 12A1%F
A% wjekS a4 HW 0515 mx10-30 m =
71¢] 7KAE 7K1 o] #EET (Beaman and
Shanke, 1969). ©|& <> Gram 2] +2
2A] ofsl spabgde 7ixlEE Ziehl-Nedson ¢
Al P oA UdWEE S 7 Mycobacterium 5ol A}
Bale Gl 3% AA-IE & tidl 05
1% &t gejo wah kg Fajol €
t} (modified Kinyoun 3323 A414). 53], N.
sxiolaex= N. agteroides Hrl TS oFsk 3pakAd
o] B4& s BER Qe frelalelol gt
(Frerichs, 1993). o2 3+ 3}214d-S Sabouraud dex-
trose agar (SDA), BHIA 2 ol sk njx] o] wlj<k
S glol X7 % st (3 5, 1993).

Nocardiae 2 meso-diaminopimelic acid
(meso-DAP), arabinose ¢} galactose, mycolic acid
9l G+C content 5= thF Hr3k skehE 54
< 7=t} (Goodfellow and Lechevalier, 1989;
Goodfelow, 1992). Nocardia cell wall-> 3}s1%2.
2 EE FXFOE B3k 53] AEAARe]
=o 1 (Beaman, 1975; Beaman et al., 1981), 53]
mycolic acid+= Mycobacteriumx} Nocardia, Gor-
donia, Rhodococcus, Dietzia %! Corynebacterium
55 EZ33I= Actinomyceatdese] 5oF A
H w9 SRR Hold] F, 2z Avtret
2g7) SOl #%F Y FElM Aol 2 vehdct
(Minnikin and Goodfellow, 1981; Brennan, 1988).
mycolic acid+= =3} 2-akyl-3-hydroxy patty acid

2 ALK E F TUTL Y B B

Al &5kt mycalic acid+= Mycobacteriumel] A
2] ¥ Ceoolde] ol tist 323 © = Nocar-
diac A " A& nocardomycolic acid 2137
BE 7w Sk Qizkel] A WAAS Uehis



Table 3. A report of nocardid infectionsin agquatic animals
<Fishesand invertebrates>

Species Locdity Reference
Nocardia USA Snieszko et al. (1964)
agteroides
Formosa snakehead Tawan Hsuetal. (1977)
(Channa maculata L acepede) Chenetal. (1989)
Chen (1992b)
Neon tetra Conroy (1964)
(Paracherirodoninnes)
largemouth bass Tawan Lai etal. (1991)
(Micropterus salmoides) Chen (1992b,c)
N. seriolae yellowtall Japan Kariyaet al. (1968)
(Seriola quinqueradiata) Kubotaet al. (1968)
Kusuda& Taki (1973)
Kusudaet al. (1974)
Kumamoto et al. (1985)
Oliveflounder Japan Kudo et al., (1988)
(Paralichthys olivaceus)
seabass Taiwan Chen et al. (2000)
(Lateolabrax japonicus), adult
large ydlow croaker China Wang et al. (2005)
(Larimichthys crocea)
Nocardia sp. rainbow trout USA Vadez & Conroy (1963)
(Oncorhynchus mykiss)
bogenforellen Heuschmann-Brunner
(Salveinusfontinalis) (1966)
brook trout Canada Campbell & MacKelvie
(Salveinusfontinalis) (1968)
chinnook salmon USA Wolke & Meadet (1974)
(Oncorhynchus tschwytscha)
white-clawed crayfish England Alderman et al. (1986)
(Austropotambius pallipes)
giant Gourami Japan Kitao et al. (1989)
(Osphronemus goramy)
Atlantic salmon Audrdia Brnasden et al. (2000)
(Salmo salar)
snakehead Korea Perk et al. (2005)
(Channa arga)
Srptomyces blueback samon Rucker (1949)
salmonicida® (Oncorhynchus nerca)
N. crassostreae Pecific oyster USA/ Friedman et al. (1998)
(Crassostrea gigas) Canada




o1F-<] Nocardia 7+ 5ol thshe] 7

(continued)
Nocardia-like Pecific oyster USA/ Friedman & Hedrick (1991)
(Crassostrea gigas) Canada Friedman et al. (1991)
<L ower animals. Cetaceansand Seals>
Nocardia Filot whale USA Pier et al. (1970)
agteroides (Globiocephala scammoni) (Hawaii)
BeugaWhde USA Schmitt et al. (2007)
(Delphinapterusleucus)
N. brasilienss Pecific bottle-nosed dolphin USA Fer et al. (1970)
(Tursiopsgillii) (Hawaii)
N. Pacific bottle-nosed dolphins USA Pier et al. (1970)
otitidiscaviarum® (Tursiopsgillii) (Hawaii)
Hooded sedl Canada CCWHC? (2006)
(Cystophora cristata)
N. bottlenose dolphin USA/ Friedman & Hedrick (1991)
paraguayensis (Tursiopstruncates) Canada Friedman et al. (1991)
Nocardia spp. belugawhae USA Lipscomb (2001)

(Dephinapterusleucas)

 Synonym Nocardia salmonicida (Isk et al., 1999).
2 Previoudy known asN. caviae.
9 CCWHC, Canadian Cooperative Wildlife Hed th Centre.

=24 N. ageroides GUH-2 522 t<==2] 7]9|
= AEY E3e) 25%E A, Fo 72
A1 Cse mycolicacid ©] ARFA1 2= ol <
7k,

o|H H

|
CHS—(CHE)ZQ-(CH=CH)3—CH2—|C— C-COOH

H  (CHyq
|

CH,

T3k DNA @] guanine-plus-cytosine composi-
tion>- 64-72 mol%=A] TRE el Hlgte] wl-9-
FOoH, o] AJi3- Table3ollA] 9} ho] offF W
24 nocardiae ol M= eF7ke] ol & vERd
t} (Lechevalier, 1989; Goodfellow, 1992).

4. =MAM=0|M 2] nocardiosis

Nocadise= A}&t3 B2 AW §ulA7)

£ " EEA N. ageroides= Ak, 7H, o7
o], & A& Y o oA B =AUt (PUl-
verer and Schad, 1978; Walton and Libake, 1974;
Orchard, 1979; Beaman, 1983; Schaa and Beaman,
1983; Beaman, 1994).

FAIAYE oA ] Nocardiaeol] sk 714 Kl
+ Table 39 YeERiATE o FE=FEH €
Nocardiae= N. asteroides, N. salmonicida (for-
merly Strptomyces salmonicida), N. seriolae (for-
merly N. kampachi) 2! Nocardia sp.5°] Utk o]
2] Nocardiosisel] thgt #Z= H37= neontelra,
Hyphessobrycon innesi o} 41 2] N. agteroides <),
o (Vadez and Conroy, 1963), |5 A7
o], Oncorhynchus mykiss (Snieszko et al., 1964),
7420}, Salveinus fontinalis (Campbell and MacK -
elvie, 1968), Hlo], Sriola quinqueradiata (Kariya
et al., 1968; Kubota et al., 1968), th¥+ 7}=x],
Channa maculata (Chen, 1992), 3o}, Lateolabrax

rr

o
O



SEES

=H

japonicus (Chen et al., 2000) 2 FA, Larim-
ichthys crocea (Wang et al., 2005) 2! 7}&X],
Channa arga (Park et al., 2005) 5-2] t}eksl oF
oA HIERATE 53], Kariya 5 (1968) 7 Kub-
ota 5 (1968) <l °Jste] F2]¥ > N. seriolae
<] ‘type strain (JCM 3360)’ 2 Al&-= 32 Jt}
(Kudoet al., 1988).

o579l €] Nocardiosis= 2414
zuq 7<1tﬂ_9_§ o]E ;dtﬂo]] 7131—05
ok g Az WY 52
ZJEN 7F X8y = B}t (cachexia), BT

< HZ2e] A Fojjo} o] late] 7}
X 27 (/\]z]— B]z} A= 2 71 ‘:)_,] s
I 7)ol g4 Fo] #EErH (Kubotaet al.,
1968). o}5F<ll41 2] nocardiosis= 412 WO
2 vEhb AR g Wi grle] WA, 53] A
F=ol WAl = g A o] A
(Fig 1) LS5k ol 7]- H] z} }\]7!01— x}( —1")
Fe T 54 W F27471, A4 ok (gill
tuberculogsis) =i 0.1-0.2 mm =71¢] AZlo] &
2=t} (Campbell and Mackevie, 1968; Kusuda et
al., 1974; Austin and Austin, 1999; Chen, 1992;
Chinabut, 1999; Chen et al., 2000). Formosa snake-
head, Channa maculataollAe] A3 7oA =
WBgzloln B4 7 § #Ax7E dojwke
], largemouth bass, Micropterus salmoides= |
3E A B4 wNE T2E] 5 Wi el gk &

+5 F

S -

=
[S)

L

oo R [

ﬁ} W ‘-Mu sim R
55 -

© JI0IS 1 Z)

|

o .

e

e

Ao A el g<1=AT (Chen, 1992). si4tolsl
sea bass, Lateolabrax japonicusellx = A3 #%

WAt EH o, AP, W, R, A
B 2E 5o el AE 1-2mm =719] B

@l o] A o] ¥ (Chenetal., 2000). H3H
Friedman 5 (1998) v=h3} 7juiet EA] el
oF <A¢re] Pacific oyster, Crassostrea gigas WA~
ZXE N. crassostreae sp. nov. = #2310
o] &A= o] % Nocardia-like bacteriaZ
Bg] B33k o7} ok (Friedman and Hedrick,
1991; Friedman et al., 1991).

Nocrdiosis= 5% 5= 23 W3k X9 4l &
Jol] A}2] 1= lower animds (cetaceans 2! seds)
o 1A 5=, Nocardia asteroides, N.
braglienss, N. otitidiscaviarum, N. paraguayensis
2! Nocardia spp. 5ol ¢]&}e] Pilot whale, Glo-
biocephala scammoni, Beluga Whale, Delphi-
napterus leucus, Peacific bottle-nosed dolphin, Tur-
siopsgillii 2 bottle-nosed dolphin, T. truncates 5
oA zkgde] Ha=a QJrt (Pier et al., 1970;
Lipscomb, 2001; Schmitt et al., 2007). Canada A1
- gfetollA] N. otitidiscaviarumol] 7+ =]of 2k
L,E_I Juvenlle hooded sedl, Cystophora cristata+=

e Avrd (inflammation of conjunctiva), 7
o & (purulent) Eei ke, Wi 71 549
Z7Fs oL, &, v 5l 7kl theee] Aol &
QU= ek B9 7k H), "z, v gl ol T

B Q“_ e

.
a

o7k

Fg. 1. Externd andlntema sgnofthedlseesedsna@hea}l A, Externd sgns, distended abdomen and hemorrhaging around
anusare s2en; B, Internd Signs, many white nodulesvarying in Szeare seenintheinternd organs. (from Park et al., 2005).



o}5-2] Nocardia 2=l tiste] 9

o] GSAIE (neutrophils) 2] g0l FRI=ATH
(CCWHC, 1990). ©] w2 <17+e] A3%, 554174
Al gl Hell A ¥ <7t 2dct (Beaman and Bear
man, 1994). Nocardia sp. =l ¥ a2}
vl A= 24 e s Al vkt
A71¢] A o] FEEW Sl necrotictissue
debrise} A4 Al AFEH Eo] A= F9]
= epithdia cdlsel] ¢]s}ed Ao 2137, young
nodule Well == macrophage<} epithdia cdls7} &
ZHc) (Pier et al., 1970; CCWHC, 1990; Lip-
scomb, 2001; Schmitt et al., 2007).

5. HH Q¥

ol &3]

= =

Nocardia w-¢] w2} 2]+ Mycobacteiumel]
Al AREERE Y sl AEETE 2,

Table4. Formulaof Ogawasegg medium (Tsukamura, 1967)

Oy Oy | O
ZFe] Ad SollA Felsh o s 91g vl
A 2= brain heart infusion agar (BHIA), Dorset
egg agar, glucose yeast extract agar (GY EA), (5%)
goat blood agar, Lowenstein-Jensen medium, nutri-
ent agar 5! tryptic soy agar (TSA) 5°] ARS8tk
S vt vjx] = 18-37°Cell A vl a1
2ANZAEE 21 ool Al et ERle
4= At} (Conroy, 1964; Snieszko et al., 1964;
Frerichs, 1993; Audtin and Austin, 1999; Chun et
al.,, 2000). 53] #2]-& #iA] 24 = 1-3% K:HPOs
7} 71 Ogawas medium (Table4) o] A1&-5=
H] (Table 4, Kono et al., 2002), o}5F WA ZHE]
HA A vl v F ok 5% A= Aztet
™ 1-2 mm =71 2] tan/yellow colony 71 &2 (Fig.
= AAE o 2 ot wEslelof gt

W 7] (3% 01, A, A B sk B
1=]

Formula Quantity
sodium glutamate 10¢g
1~3% K-HPO: 10~30g
distilled water 100 mg
whole eggs 200 mY
glyceral 6 m¢
malachite green 6m¢ of 2% (w/v) solution

- sterilized at 85-90°C (60 min).
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blood agar (30 daysold culture). (from Park et al., 2005).
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(Bransden et al., 2000). BHIA 9l ¢ Al ek
convex, irregular, pale yellow, waxy, wrinkled
colony & & skw A o] Wt sFgAR
FAPFO R Wojrkz Zo] SRIE/IE Gk )
A F5 e 750 gEkA el BEye)
715At (eerid hyphae) & @7 siAI Rt 7872
M @AEH] ol gkt (Friedman et al,
1998; Isk et al., 1999).

i e HE 25-37°Col Xt 27 A7
Tx= 27-30C H=o] N. aseroide= A12] 3k N.
crasssostreae, N. salmonicida 2 N. seriolae2] A
&2 T CoAAM= F43] A= 41Coll A=
A2 3R] okt} (Frerichs, 1993; Chun et al.,
2000).

yelh] wiEog 237t Fefoll theh olzgh
574 &2 nocadiee 75 913 Aol g7t
7% sk} (Berd, 1973; Gorden, 1981; Callins,
1988; Beaman and Beaman, 1994).
6. ZICt

Nocardia 7ol 7}d % ©]F+= mycobacterioss
o 21t S vj$ fALSE 2 gotet gFo)
HE e FQ361t} (Frerichs, 1993). 7+
Z719 o3t 2A el w5l we) Aglel F
Fot Wz BLRY S S FEe o
7EE BAEE o] AFEE Ayo] N
ol weba 218 3hE, oA ok me| e
W) el H w Se) o Zudo] Uehjn,
AR, 2, o PE W R gr)e) 2o
A4 WA #aET (Kubota et al., 1968;
Kusuda et al., 1974; Austin and Austin, 1999;
Bransden et al., 2000; Wang et al., 2005).

Nocardia ++°] zlcta} Fgoll= Felsrz] 4
Qalsrs Hogol o4t (Teble 5). 7Hg ¥ ©f

lr m

T W A7Iv A FES SiR1 3 (stamp)
o7 AFste] #FH Gram A4} Ziehl-
Nedsen 2o 2 A s = FEolA]
& (ovd form) F== A3 7Rtk Ay} (septate)
< 7K 7K E 7K 7R (rod form) o] Al &
HE #2138 4= qrt (Beaman et al., 1975; Chun
et al., 2000). A3}sld] 54 ol 7 03-1%
©] adenine, casain, dagtin, hypoxanthine, tyrosine,
urea 3! xanthine 5] 8l 5 =74 7 &a<lolyt
A2:9) AME5 ol 2J3le] o] o]zl t} (Gordon
and Mihm, 1962; Goodfdllow, 1971; Kusuda and
Taki, 1973; Kusuda et al., 1974; Kudo et al., 1988;
Frerichs, 1993; Friedman et al., 1998; Austin and
Augtin, 1999; Isk et al., 1999; Chun et al., 2000;
Wang et al., 2005).

T3l thekslk 3skd markers, & meso-
aminopimelic acid (meso-DAP), wal sugar (arabi-
nosee} gaactose) 2 mycolic acide] 4] Sl
oJgt WY EE ol &8l sith (Hoare and
Work, 1957; Staneck and Roberts, 1974; Minnikin
et al., 1980; Beaman and Moring, 1988; Friedman
etal., 1998).

DNA base composition (DNA G+C content) 2}
16S rDNA/rRNA gene®] PCR amplification=}
sequencing 59 71 ol xleky} FA ol #-g-Hrk
(Nelson et al. 1984; Friedman et al., 1998; Chun
and Goodfellow, 1995). 16S-23S rRNA internal
transcribed spacer©] /3= 53 N. seriolae®]
2ol A1&-¥ primer Nocaf (5 “GTT ATG TGT
GAT AGA CGG CAG TC-3) %+ Nocar (5-TTC
TTC AAA AGG CACGCCATCACC-3)E A&
3l denaturation (94°C, 60s), annealing (55C,
120s) 4! extension (74°C, 240s)2- 30cycle=z =]
3l % find extendon (74°C, 5min)< 3 =%
Lactococcus garviaee} Photobacterium damsda+=
=% Mycobacterium sp. o} FEo] 7535l
(Kono et al., 2002), 16S rRNA partial sequencing
< $13%F primer set (NG1, 5-ACC GAC CAC
AAG GGG G-3; 5-NG2, GGT TGT AAA CCT
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Table 5. Phenotypic properties that digtinguished isolate srains from the aquatic animals of Nocardia species. Data taken
from Rucker (1949), Orchard & Goodfelow (1980), Goodfdlow (1997), Chun et al., (1998), Friedman et al. (1998) and

Chun et al., (2000)

Property

N. N.
asteroides crasostreae

N.
salmonicida

N.
seriolae

Colony colour:
Beige
Pale orange
paeydlow

+9

Colony morphology:
Aeria hyphae
Filamentous margins
Growth into agar
Dry and waxy
Raised and convex
Wrinkled
Soluble pigment

+ +
+W +W

+v
4w

Micromorphology:
Beaded
Filamentous
Figmentation into rods and cocci

Staining properties:
Acid-fast
Gram
Periodate-Schiff

Growth at 37°C
45 C

Esculin hydrolysis

Nitrate reduction

Decomposition of
Adenine (0.4%)
Casain (1.0%)
Elastin (0.3%)
Hypoxanthine (0.4%)
Tyrosine (0.5%)
Urea (0.5%)
Xanthine (0.4%)

Utilization of
Adonitol
Arabinose
Gdactose
Glucose
Inositol
Madtose
Mannitol
Mannose
Rhamnose
Sorhitol
Sodium acetate (0.1%0)
Sodium citrate (0.1%)

ND

- ND
ND

+ ND

+ -

DNA G+C content (mean mol%)

70.8 68.8

69.5

Y White or pinkishwhite.

+,>90% of strainspositive; -, >90% of srainspostive.

ND, not determined; w, weekly; v, varidble.
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CTT CGA-3)& ©]&3}t>] denaturation (95C,
60s), annealing (55°C, 20s) %! extension (72°C,
60s)2 30 cycle® ==3 % find extenson (74
‘C,5min)= A =" Nocardia % non-Nocar-
diaZ &g 4 v} (Laurent e al., 1999; Park
etal., 2005).

WA 8HE Zitoll= AMlte] /37l ma} v
Hjoke] Fo 2 Hu)gk 54 kDael (glyco)protein
= ©l-&-3k=t, Nocardia spp. ¢ 3-8 <13l ©]
@ = 2] monoclonal antibody & ©]-8-3}o]
immunodiagnosisel] ©]&& 4 Tl (Sugar et al.,
1985; Angeles and Sugar, 1987; Boiron et al., 1992:
Ruimy et al., 1994).

7. d@Hst

A}Fﬂ-o]

‘E‘ll-:_ti%]

%, Nocardia ol 2Jgh 2w ] 24y
o W gol Asky Skatel] 7t
A= 7] 4o} (Young e al., 1971; Backwell munks-
gaard 2004, 2004). Nocardiosis= 57|15 £33
] Sl gJste] Aol HutEw A3 ot
Al HE 3 o] Hixtde do 7w (Frazier
e al., 1975; Beaman, 1976; Brechot et al., 1987),
T % ARAEE vEld & Uk
(Hawrot and Carter, 2004). AlgollA] =2 7
UOS 7= #=2 N. asteroides, N. caviae 2 N.
braglienss o] (Hawrot and Carter, 2004), o]
% N. asteroides= 741 FE % 74 E ARI7E
VL ER IRkl A9l 7hs el U=
7o 2 7T
o}F<llM ] Nocardia 7141 Shabel] tieh el
gk A9 A Ay e A7 olvk 121 Nocar-
dia F5E $4 PASeA BEsuE 71
| & EAlal, ol el 7R WA =
Fek £ 4 dressor7b G WA 5 3
£ 7Fs el W) AhAl-A 2ol g 7t
A 7¥sdel A A A7hE we AR
@ mol-ol 2ol 714 7Psdel 3
% 451.:} (Frerichs, 1993).

rm

8. =AM 4l b5

1o X O

.|

H_°

Nocardia w1 |3t S Alta &2
ket 47160 A Eel T4 9 o) S
AFRE VAT Algk] Qo] 7P dwlkzel 7k
ZAFe- 'pulmonary nocardiosis 241 flu' AF =
“Folut A3 (tuberculogis) 7 722 TR 1A
o elgt 5 7d F4E vehliE, olele 7
A5 iR belso] AstE AlgkllAl vek
it} (Frazier et al., 1975; Beaman et al., 1976,
Brechot et al., 1987). ¢17+3} 348 3} nocardiae=
microgliacll #-21slal $2]517| %= sl=d (Bear
man and Beaman, 1993), o4& ZF2174 (5

3], H)ell 53] 7ol & dojil=d] (Beaman
and Ogata, 1993) Nocardiat= |, | 2 374-of|A]
g o] AR F= F¥rt (Schaal and
Beaman, 1983).

Nocardiosist= 5<2F431 SVdo] E157] o
o ool 22 oA g del AA olF =

A Sl HALE STHAZIER ofFollA]
] nocardiosisi= A Add AW OoEA] v
444 el mE Z23-& vhehih (Sheppard,
2006). A-d 2] T4 Fatell= histocyte, lympho-
oyte 5 thel g o] giant cells7t 29k FAF =3
& P e & AHZA 6l ol = Hol
FAATE BT AT
(Chinabut, 1999; Park et al., 2005).

T oA o] A <l 1}011 ik A 1

7= weksh) N, astermd%-% 345 A7k} A3
FEW ol FAFEIAME Eel7F Hw

nocardiae Wol| Al 2 A77F S d5o]B=
o] o] 7FA= W3 N. crassostreae, N.
salmonicida, N. seriolae 2! Nocardia p. 5 oI+
2RE EeE 75 WA AR FAksEA
AR 282 & o E A7FECE N, agter-
oides®] WU/ 7|22 thEe] 8214 gk &

t} (Beaman, 1976, 1992,
983). Efell thek nocar-
MAA, 53] el vt

%sz' ;_(lkg_o = z]—Ez:y_
Schaal and Beaman, 1
dicee] Wl FH2
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£ 7397k g oS dolg wet o)55n]
TTAN3A A Az2Felr] wjEelth (Beaman,
1992; Ogata and Beaman, 1992). N. asteroides2]
g e BEAde =AM A ohE
Al71el \lste] =352 7] (log-phase) <l 335t
E Ao 7P 3 54 dehdied (Bea
man and Maslan, 1978; Beaman and Moring,
1988), BALB/c miceol] ths}d N. asteroides <
AgEA mEt 54 AES g A Cas
mycolic acid ©] <ol w2} A xjo] 7k i A
o= g1t (Beaman et al., 1981).

N. asteroides®] B4 1A= %52] phago-
oytesel] elsle] Pojike AzHge] Aslel A
SR 717 % ARl tie A7 B RRG
Z}A] s1=dl, murine model = ©]4-3l Nocardia 2
.S hogt-paradite interaction=} W ] &) =4
71&e o)t fE= gt (Beaman, 1983, 1992
Beaman and Moring, 1988; Ogata and Beaman,
1992; Beaman and Beaman, 1994). Al A|¥x4¥
A4E-¢] glycalipid= Corynebacterium, Mycobac-
terium 2 Rhodococcus spp. 5ol A41% ks =H]
(Ekizlerian et al., 1986; Yano et al., 1987; Beaman
and Moring, 1988; Silva et al., 1979, 1988; |oneda
et al., 1989), cord factor (trehal 0se-6,6-dimycolate)
25 B o]5¢] &2 IXZEY (phospho-
lipid vesicles) ¢] fuson-g oA sl= &2 st}
(Spargo et al., 1991). 78] = =2 nocardiae= 2%+
2% 5 cord factorell 2]3}e] phagosome-lyso-
some fuson<] A (Spargo et al., 1991; Beaman,
1994), phagosome & - Uoful= phagolyso-
some U] acidification 2H8-2] <J#| (Black et al.,
1986a) =! superoxide dismutase (SOD) <} catalase
Aol 2]3k oxygen dependent killing mechanism
o] A 5= Fotd SFAE ] sl 7%}l o
33t} (Beaman &t al., 1983; Beaman, 1985; Bea
man and Beaman, 1990; Beaman, 1994; Alcendor
etal., 1995).

Slfroll Al He] Bl nocardiee®] H<l4del Tie
A7 WA 2ok Nocardise] 7118 4] ol

o] HAb= ol wh} B= 5 AR el
wjz} ket 2ol & 1eltk Tawan ] seabass
(25-30 cm, 7 months old) ko] Aol Ae] F2 AA}
&2 9F 17.5%¢°]31 v} (Chen et al., 2000). 22+
A7 Gl g 9ol vk w1 AAYE
£ Yeh=d], Formosa snakehead ¢} largemouth
bassol| z}z} N. asteroides <4< 3.5 x10° (8 mg
becterialfish) ©] T2 <& W E7 o FALE
P FAL & 28UR o] 95% ool HANES
HeRiglom, o] ol €]k A 7A <]
A A7 BRI, =9
HolAAL T o= A% Al
HRem el ik FEFol 7%

b
= rlr o
]
oX
N
Ir
M

°,
Lo
o
o

o.
A
r
po

A

40g H15-°] seabassollA] 1x10" bacterialfish&
EFAsPH 104 oW ol 100% #HAL7}F Ay &)
1 (Chen et al., 2000), 200g #15-<] large yellow
croakerol] tisled E7) (intrgperitonea injection;
6.025 <107 bacteria/fish), 73+ (intragastric injec-
tion; 1.05 x1C? bacteria/fish) 2! 1] (immersion;
147 <10’ bacteria/m¢, 20%) 5424982 3 A¥}
H74FARSE A AR A= 100% A7 e
WOl Aol ok HAle vERER] ek
o} (Wang et al. 2005). ©15-> 4=+ H-5-l| anore-
xia, emaciaion 2 disensono] vElLb, B9
2719 granulomart &l Ft) 53k haemorrage
¢} Zenker'snecrodsE EA 07 dl= WA L
Elstl (Kubota et al., 1969; Chun et al., 1989;
Chen, 1992b; Chun et al., 2000).

9. HAHIS

°17vx} & 3l =4 Nocardia o= 7)3] 7+
g AlE W 71 A EA] LREA © 2 macrophage,
monocyte 5=+ polymorphonuclear neutrophil <l
osto] 2 48l HA] 2=t} (Beamanetal., 1985;
Filice et al., 1980; Beaman, 1994; Beaman and
Beaman, 1994). 771> 53202 T URFsh
el A 7127 7S 7] wiEdEl (Fig.
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3), o 7t S Al et Agsl= W
S 2= 1) phagosome-lysozyme fusonS- 2J#)| 5}
= =9, 2) phagosomd acidificatione] =3}; 3)
lysosoma enzyme2] 224, 9 4) 52 ks tjA}
2Redll gk A3 55 & 4 dew, ol 7%
o] BEFAo R e Iea B R 2hE-5)
= Zo 2 yurEt}t (Davis-Scibienski and Bea
man, 1980a, b & ¢; Schaa and Beaman, 1983; Bea:
man, 1994; Beaman and Beaman, 1994). &3l o]
HAA A5 phagosomelysozyme fusion-&
HAlsle =HE AXH Fo] glycolipids! tre-
hal ose-6-6'-dimycolate (cord factor) & 7FA]=d]
o] AE-S A7 s phagosome-lysozyme fusion
= oHAlske o] /A Hrk o142 liposome
oA 4 == glycolipid 7} phospholipid vesicle
Aol 2] calcium dependent fuson-2 234317 o
woltk gk 2285 % phagosome-lysozyme
vesce Y] A7k pH 5 osl2 Yolxia] Uwt

Extracellular

©)

Intracellular

Lysosome @,
% Acidificatio

ER Golgi C.

Lysozyme etc.

Lactoferrin

Myeloperoxidase+Cl-

0,

221 Nocardia 2] “37¢= AL A =A]
Tk AR =4 5= AobdeE o= phagoso-
mal acidificationS oA sh= 7|2be] = Ao
2 FA¥) (Black et al., 1986). 2] 28 3¢
phagosome-lysozyme fusion3} acidification> &l
2k <] mycobacteriacl A = RIH LT} (Hart
et al., 1987; Beaman and Beaman, 1994) Nocardia
aseroides =7 5+ Akt tixbkEoll dished
A&7de 7=l (Flice, 1980, 1983), o121
SOD & #Hlslal catdases] #H1E S7HA17171

o]t} (Beaman et al., 1983, 1985; Beaman and
Beaman, 1994). o+ nocardiae] 5432 A7
Al wE} o]E A1, 4 Hd wEk Wl
35 vERlE AlEY R o] gEkxr] o
o]tk o] A 7P F2.8F 1A= glycol-
ipid¢! trehaose dimycolateo]t} (Beaman, 1994).
=3k N. aderoidese] 739~ superoxide dismutase
(SOD) & E4]35}3 cadases WA 3le] 45 Al

- =

Nocardia sp.

Attachment

Invasiveness

Phagocytic
vaculole

Lysis

.

Arginine .
-

4

Fg. 3. Avoidance reaction of Nocardia sp. againgt bactericidd activity in the human and/or mice phagocytes, as @ inhibit
the fusion between the phagosome containing the bacterid cells and lysosomes, @ involves the acidification of the phago-
some, ® modulates lysozoma enzyme and @ resist to oxygen radids by superoxide dismutase (SOD) and catdase. 'C,
complement; Ab, antibody; Golgi C., Golgi complex; ER, endoplasmic reticulum; NO, nitric oxide; symbol * x ', blocking

stes Thedrawing was based on apaper of Beaman (1994).
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3Z2] oxygen-dependent killing mechanismel] o &t
gtk

olFellx E2]¥ Nocardia Alit-] A ukS-
of thgh A= oF4 =g, attenuated live N.
seriolaes o83 W AN Fof 72271
olYoll du}+2} granulocytee] Z7FshAvk
(Kusuda et al., 1989), 2] z}&-o] 2] AlxE
(macrophages) ¢} 337 413 (epitheloid cells) 7} =+
gsto] Ade Fshke 2o dEE F=olnt
(Chunet al., 2000). kA 4F o] F9] F8 ZA4F
1 AE S P ks S ulFol 719 17k
of thgk HWkS-3t FALEE Wha-2 Uk Z1e
= AzHEk

o =

10. 2FH{A 22|

Nocardiosisi= A5 Al A 7H5E gk 35
kel SAE BellAe] AE sIZke] ZvtslE
Ao R dEA dom, B, A o 7
A EEIR YRR 2o e #7437
zEF o) ofsle] Aol A 7 e
n2 A4 MMl s F& oio) g
I 8 = Ut (Conroy, 1964; Karuyaet al., 1968;
Kusuda and Nakagawa, 1978; Chen et al., 2000).
53] $E el AR QU olFE W, H
Aee ool A e I IEE J% AW
o] o] AWye] fgle] B F Yo HR o) B
Aol gl A 7F F 8 g Aot} (Conroy, 1964).
53] AdolHrhe ofd ol thek AW A
o] A Yelus ZoE UEA Yo ol
st AlAlsk Aej7F H9E Zlojtt (Lewbart,
2001). =3k N. agteroidesel] eJsk x| 7jl50]<]
uhy .o waterbone router} ALS. Uloll H7}E|o]
Zd " Aer FASIAAL (Snieszko et al.,
1964; Frerichs, 1993), =1 71=X]ol 4]2] Nocar-
dia 7+ €11l thgh wHetgk g2 o FoiA|
A ok o) ARR-SE AR (RALE, frozen fish)
7F UL R ERIFEICEE o]Flo] f1R1¢]

AF A Zle® AR Tk

d

Autz 0 2 nocardiosisol]l thalk 3} QA9
o tisirE olite]l A7I=EaL ek N
aderoides= dreptomycin ¥} sulphasoxizoleo] &
7} = Ao Wyl 0w Sulphame
thoxazole=} doxycycline == minocycline=- A}
gsle] 2dE 42 7497 vk (van Duijn,
1981; Frerichs and Roberts, 1989; Frerichs, 1993).
oA E2] ¥ Nocardiasp.+= 20714 o 5
17EA] oFEdl diste] 7ds 7= 2o &
gl t} (Pak et al., 2005). A&l benza-
Ikonium chlorideE- 2 ppm === 2|3l a3}
7} ¢lt} (Chen 1992b; Chen and Wang, 1993;
Chenet al., 2000).

1.

OH

cl=ral

Nocardiaeol] o]k <17+ 7l Akl = T E
7} #3 Mycobacterium spp. il &8+ Al X
k= w8 gke Zlo 2 welth FAEE 7 A3
gk Nocardiosis €191l oIk QIA] 714 Al <F
HHE F2 N. aderoidesZA], Hlo} 4o 2
3} HAE @3t} (Chopraet al., 2001; Hawrot
and Carter, 2004). 334 1/d ¢] 5ol a7t &
ZEJ e o] A2 F=22THe] swimming
poolsellAl F7He S51.0m, FAF Az M. mar-
inum32+ N. agteroidesel] E31z 0 2 7d = Ao
Z 3RlF)t} (Hawrot and Carter, 2004). o] +
o] 71 ARV} FE ZFTIC|BRE o] 717
SoF wdAde] 7 oo oigk AT 28 E
7o 2 A7tk

Hik A 2xrt HE 27-30C Aol N,
aseroideE #<] gk N. crasssostreae, N. salmonici-
da 3! N. seriolaee] 2J7-2- 37 CollA= 34 3]
AotElE AAee VHRER £4 3390 digk <l
Al 7ol gk 7Fs/d> wrkar AzbEch 12
1 N. asteroides} a7efj 7 9l vlekARARRCll 7H
= YoJE dFE THLE s, FAAAE
74 AHI7E HalE JE ofEs A
TS - EE -7 A E-TA

gk
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d

A= E
Hol Fg & Zlo|th

A B AR 2l o] AW Alloj= Myco-
bacterium 715 XS 918 A A ollA <
7o) sodium hypochloride (8141 814] & &2~
AANE 5NN R ZA|sl] AMEsPHE
7o)t} (Leeet al., 2001).

[@Xe]+
Bt

—
N

Nocardia op. &= =717, @A Gram 44
Aoz A, e B 5 AE7AEA A
ZRh o) # Fejsh 5, Ysteid 54,
meso-diaminopimelic acid (meso-DAP), arabi-
nose/gaactose, mycolic acid %! guanine plus cyto-
snecontent 52 Z3tsl= 38H3d EA] 4 16S
rDNA/FRNA sequencing andysis 5of] 2]sle] &
2 F Urk Nocardia= 17+ A1 8= (A2

ok v AR), ol B 22 IR F=
o] wd 2 AW ARIAo]tk ofFellA FHE B
= Conroy and Valdez (1963) <l 215} neon tetra,
Hyphessobrycon innesi 25-8] ©]%) 2™, Nocardia
sp. (N. asteroides) 2 A= Atk o] F thsh
o} 2} pacific oysteroll A1 N. seriolae (formerly N.
kampachi), N. salmonicida, N. crasssostreae 2!
Nocardia sp. 5©] nocardiosis®] Q1A 2 B 5
Ao, 2 yEtel A= 2005l Nocardia sp.
o eJate] Al F<1 AN ThE Ao A i EFHIAL

FSIATE A E ol P/lo] e

F92 sled, oAl ok, ATES R B

A 25, op7be] BuiR A 7ol okl A
719l AHo] SRIF Tk o] Welte] o=
brain heart infusion agar, Dorset egg agar, glucose
yeast extract agar, (5%) goat blood agar, Lowen-
sein-Jensen medium, nutrient agar 2! tryptic soy
agar So] AR2-E, E3] Ogawa smedias =8
& Bl g wiA R AL Ech SA RN E H
2% Zlo g wehEA vl WA nocadiaee]] o

3k 917k} FE<°] macrophages, monocytes 3!
neutrophilsS 31t 24| xze] sl 2k8-o] =+
WEREA] 2=, o= Nocardia 9] W<17dell
A F8sitk olE WelAlE Mg AR
phagosome} lysosomee] A3 Wl sl
phagosome W e] 4 slell Jaks mAH, lyso-
zoma enzymee] =48 WslA)7] 3, superoxide
dismutase (SOD) ¢} catdasedl] thsle] #8442
e T 712 Bete] S5 WAk

5@tk A E =l nocardiaedl] ©]gh v
e W, handiing, 574 e oPdel 4
B A 9 e AlE 2] dressorol] o7t
797k wa, 2 g4l olgk sstewAlel A
go] &4 Ho| B nocardise A Y-S 915t
o P FRP RS AR P BY A

olck.

=

o g

ro

1

—
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