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ABSTRACT: Rapidly growing, nonchromogen ic  mycobacter ia  were  isolated from sa lmonid  fish at 
five locations in the states of Oregon  and  Montana,  USA. The isolates were  character ized by 
biochemical,  physiological,  genet ic  and  mycolic acid properties,  then  subjected  to taxonomic 
analysis. Detection of mycobacter ial  mycolic acids and  a percent  guan ine  plus cytosine va lue  of 
63 _+ 1,7 mol% confirmed that  the isolates be long  to the  genus  Mycobacterium. The in ternal  
similarity of the isolates was 94.2 _+ 3.4 %. None of the  isolates grew at 37 °C. A comparison of their  
properties with those of other rapidly growing, nonchromogenic  and  photochromogenic  mycobac-  
teria was made. The sa lmonid isolates showed  a re la t ionship  to/V/, chelonei subspecies  chelonei 
and M, chelonei subspecies  abscessus, but had  biochemical  propert ies  which  were in te rmedia te  to 
these two subspecies. Acid methanolysa tes  of the sa lmonid isolates, ana lyzed by two d imens iona l  
thin-layer  chromatography,  produced l ipid pa t te rns  ident ical  to those of bo th  subspecies  of M. 
chelonei. Sufficient differences in b iochemical  propert ies  and  the inabil i ty to grow at 37 °C sugges t  
these isolates be regarded as a new subspecies  of M. chelonei. We propose the name  M. chelonei 
subspecies piscarium subsp, nov. (L adj. piscariusof fish). The isolates were  not infectious for mice. 
Experimental  infections were  produced in juveni le  sa lmonid fish. The  occurrence of mycobacter ia l  
infections in selected salmonid populat ions from Oregon hatcher ies  and  the Pacific Ocean  ranged  
from 0 to 26 %. 

I N T R O D U C T I O N  

T u b e r c u l o s i s  in  Pac i f i c  s a l m o n i d s  w a s  f i rs t  o b s e r v e d  i n  a d u l t  fa l l  c h i n o o k  s a l m o n  

(Oncorhynchus  t shawf lscha}  r e t u r n i n g  to t h e  B o n n e v i l l e  H a t c h e r y ,  O r e g o n  in  1952 

(Wood  & O r d a l ,  1958).  S u b s e q u e n t  s t u d i e s  r e v e a l e d  t h e  g e o g r a p h i c  d i s t r i b u t i o n  of t h e  

d i s e a s e  in  C a l i f o r n i a ,  O r e g o n ,  W a s h i n g t o n ,  a n d  A l a s k a  i n  a w i d e  r a n g e  of h o s t  s p e c i e s  

b e l o n g i n g  to t h e  S a l m o n i d a e .  A l t h o u g h  a t r u e  a s s e s s m e n t  of l o s s e s  w a s  n o t  d e t e r m i n e d ,  

t h e  d i s e a s e  w a s  b e l i e v e d  to h a v e  h a d  a n  a d v e r s e  e f f ec t  o n  p o p u l a t i o n s  of Pac i f i c  

s a l m o n i d s .  

T u b e r c u l o s i s  w a s  g e n e r a l l y  a s s o c i a t e d  w i t h  f i sh  of h a t c h e r y  o r i g i n  a n d  i n v e s t i g a t o r s  

s u s p e c t e d  t h e  i n c l u s i o n  of r a w  c a r c a s s e s  a n d  v i s c e r a  of a d u l t  s a l m o n  i n  t h e  d i e t  of 

j u v e n i l e s  as  t h e  p r i m a r y  s o u r c e  of i n f e c t i o n  (Ross e t  al.  1959; W o o d  & O r d a l ,  1958). W h e n  

th i s  p r a c t i c e  w a s  d i s c o n t i n u e d  a n d  o n l y  p a s t e u r i z e d  s a l m o n  p r o d u c t s  w e r e  u s e d  i n  t h e  

diet ,  t h e  i n c i d e n c e  w a s  m a r k e d l y  r e d u c e d  (Frye r  & S a n d e r s ,  1981). 

Ross (1960, 1970) n o t e d  t h e  d i f f i c u l t y  i n  c u l t u r i n g  t h e  a c i d - f a s t  b a c t e r i u m  f r o m  t i s s u e  

of a d u l t  s a l m o n i d s ,  d e s p i t e  t h e  p r e s e n c e  of l a r g e  n u m b e r s  of ce l l s .  O n e  of u s  (J. L Fryer )  

s a m p l e d  m o r e  t h a n  2000  a d u l t  f i sh  w i t h  g ros s  s i g n s  of m y c o b a c t e r i o s i s  i n  1958 a n d  1959 

© Biologische Anstalt  Helgoland,  Hamburg  



330 C . K .  Arakawa  & J. L. Fryer 

but  no isolates were  ob ta ined  on 23 types of media .  It is be l i eved  the few isolations made  
by var ious invest igators  (Frost, 1968; Ross, 1960} were  not of the e t io logical  agent  

associated with  sa lmonid  tuberculosis  in the 1950's (Wood & Ordal, 1958}. These  isolated 
strains were  not ex tens ive ly  s tudied and their  t axonomic  posi t ion was not properly 

de t e r mi ned  (Ross, 1970}. In this study, the isolates ob ta ined  from infected juven i le  and 
adul t  sa lmonids  g rew readi ly  on mycobac te r ia l  and other  genera l  bacter io logica l  media,  

e.g. Tryptic  Soy Agar  (TSA) and Brain Hear t  Infusion (BHI) Agar. This further suggests  

these  isolates differ from the causat ive  agen t  of sa lmonid  tuberculosis  observed  in the 

1950's. 
The  purposes  of this s tudy were  to: (1) charac ter ize  the strains of mycobacter ia  that 

have  b e e n  isolated from infec ted  sa lmonids  by an analysis  of their  b iochemical ,  phy- 

siological ,  gene t ic  and mycol ic  acid proper t ies  and {2) to de te rmine  their  taxonomic 
posi t ion in re la t ion to other  member s  of the genus  Mycobacterium. 

MATERIALS AND M E T H O D S  

B a c t e r i a l  s t r a i n s  

The  6 isolates of acid-fast  bacter ia  used  in this s tudy were  all  ob ta ined  from 
sa lmonids  (Table 1). Known species  of Mycobacterium which  have  been  associated with 

d isease  in fish were  inc luded  for comparison.  These  addi t ional  cultures were:  M. 

fortuitum A T C C  6841 T, A T C C  9820; M. salmoniphHum A T C C  13756; M. chelonei  ATCC 

14472; M. chelonei  subspec ies  chelonei  ATCC 19235T; M. chelonei  subspecies  absces- 
sus ATCC 19977T; and M. marinum N C T C  927 T. Nocardia asteroides ATCC 19247 T was 

Table 1. Isolates of mycobacteria obtained from salmonids used in this study 

Isolate Source Host Year 
designation isolated 

BAN * 

SIL** 

AUS-561 * 

ER 

TRA-23 

MONT ~t 

• Isolated 
"* Isolated 

Isolated 

Bandon Hatchery, Oregon, USA 

Siletz River Hatchery, Oregon, USA 

Snobs Creek Hatchery, Australia 

Elk River Hatchery, Oregon, USA 

Trask River Hatchery, Oregon, USA 

Missouri River, Montana, USA 

by Dr. J. L. Fryer 
by G. D. Frost (1968) 
by Dr. L D. Ashburner (1977) 

Cutthroat trout, adult Salmo darki 1964 

Coho salmon, juvenile Oncorhynchus 1966 
kisutsch 

Fall Chinook salmon, adult 1969 
Oncorhynchus tshawytscha 

Fall Chinook salmon, juvenile 1981 
O. tshawytscha 

Coho salmon, juvenile O. kisutsch 1982 

Mountain whitefish, adult Prosopium 1982 
williamsoni 

~ Infected tissue provided by Dr. M. Rinaldi, Department of Microbiology, Montana State 
University, Bozeman, Montana; isolated in our laboratory after blind passage of infected 
tissue in juvenile steelhead trout {Salmo galrdneri} 
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also compared .  M. salmoniphilum is not  r e c o g n i z e d  by  the  Eighth  Edi t ion  of Bergey ' s  
Manua l  (Runyon et al., 1974) and  differs from the s t ra ins  de sc r ibed  by  Ross (1960). 

C h a r a c t e r i z a t i o n  of s t r a i n s  

Colony morpho logy  and  growth  at s e l ec t ed  t e m p e r a t u r e s  were  obse rved  on O g a w a  
egg  (Tsukamura,  1961) and  Sau ton ' s  (Tsukamura ,  1965) media .  G e n e r a t i o n  t imes  and  
op t imum growth  t e m p e r a t u r e  were  done  b y  m e a s u r i n g  the  op t ica l  dens i ty  of the  Bandon  
isolate  (BAN) in Dubos TB broth  (Difco). P igmen t  p roduc t ion  in the  da rk  and  photoact iv-  
i ty were  also tes ted  (Tsukamura ,  1966). 

The fo l lowing b iochemica l  charac ter i s t ics  were  de t e rmined :  ac id  format ion  from 
carbohydra tes ,  u t i l i za t ion  of o rgan ic  ac ids  as sole sources  of carbon  (Tsukamura ,  1967b); 
and  the ab i l i ty  to u t i l ize  s e l ec t ed  n i t rogen  compounds  (Tsukarnura,  1966). A m i d a s e  
act ivi ty  was  tes ted  in  the  m e d i a  d e s c r i b e d  by  B6nicke (1962) a n d  a m m o n i u m  was  
de tec ted  by  the i ndopheno l  b lue  reac t ion  (Hanson & Phil l ips ,  1981. 

Ni t ra te  reduc t ion  (Tsukamura ,  1967b) sens i t iv i ty  to s e l ec t ed  dyes,  n iac in  p roduc t ion  
(Runyon et al., 1959), to le rance  to inh ib i to ry  compounds ,  iron uptake ,  h ippu ra t e  hydro ly-  
sis (Gordon & Mihm,  1959), and  a ry lsu l fa tase  ac t iv i ty  (Kubica & Vestal ,  1961) we re  
de te rmined .  Degrada t ion  of p - a m i n o b e n z o a t e  and  p - a m i n o s a l i c y l a t e  was  tes ted  on 
O g a w a  egg  m e d i u m  (Tsukamura ,  1961). T w e e n  hydro lys i s  (Wayne  et  aL, 1976), ac id  
phospha ta se  act ivi ty  (Stanford & Beck, 1969) us ing  S igma  104 p h o s p h a t a s e  subs t ra te  
(Sigma Chemica l  Co.), and  ca ta la se  ac t iv i ty  before  and  after  exposu re  to 68 °C for 20 rain 
were  also tested.  Growth  on M a c C o n k e y  aga r  (Difco) and  reduc t ion  of po ta s s ium 
te l lur i te  (Sigma) on BHI aga r  (Difco) we re  observed .  

Mycol ic  acids  were  chemica l ly  de t ec t ed  by  the  me thod  desc r ibed  by  Kane t suna  & 
Bartoli (1972} and  ac id  me thano ly sa t e  extracts  of w h o l e  cel ls  (Minn ik in  et  al., 1980) were  
ana lyzed  by  two d imens iona l  t h in - l aye r  c h r o m a t o g r a p h y  (Minn ik in  et al., 1982). 

DNA was  i so la ted  by  the me thods  d e s c r i b e d  by  Mizuguch i  & T o k u n a g a  (1970) and  
Johnson (1981). The  G + C content  was  ca l cu l a t ed  from the t he rma l  me l t i ng  po in t  of the  
DNA, as de t e rmined  in a Beckman  mode l  DU-8 spec t ropho tomete r  e q u i p p e d  wi th  a Tm 
Compuse t  Module ,  b y  the  equa t ion  of M a n d e l  et  al. (1970). 

P a t h o g e n i c i t y  

The  pa thogen ic i ty  of the  BAN, Elk River (ER), and  Si le tz  (SIL) i so la tes  in warm-  
b looded  an imals  was  tes ted  by  in jec t ion  of 0.1 ml of a v i ab l e  cel l  suspens ion  at a 
concentra t ion  of a p p r o x i m a t e l y  1 x 108 cel ls  p e r  ml into groups  of four Swis s -Webs te r  
mice. Two an imals  r ece ived  the bac t e r i um in t r ape r i t onea l ly  (IP); the  other  two were  
in jec ted  in t ravenous ly .  The  mice  we re  m a i n t a i n e d  in a b io log ica l  haza rd  hood,  moni -  
tored dai ly,  and  sacr i f iced after 21 days.  

Exper imenta l  infect ions  were  p r o d u c e d  in  fish by  0.1 ml IP in jec t ion  of a v i ab l e  cel l  
suspens ion  conta in ing  a p p r o x i m a t e l y  1 × 108 cel ls  pe r  ml. Sepa ra t e  groups  of 18 to 21 
ra inbow trout  (Salmo gairdneri] were  m a i n t a i n e d  for 80 days  in  68 1 t anks  at  12 °C in 
cont inuous-f low fish pa thogen - f r ee  water .  In a s epa ra t e  expe r imen t ,  g roups  of 20 
juveni le  ch inook  sa lmon  in j ec t ed  wi th  mycobac t e r i um were  m a i n t a i n e d  for 10 days  in 
68 1 tanks  at 18 °C in cont inuous- f low fish p a t h o g e n - f r e e  water .  Each e x p e r i m e n t  
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inc luded  a control group of fish in jec ted  with 0.1 ml phosphate-buffered saline. Sur- 
vivors were sacrificed at t e rmina t ion  of each exper iment .  These and  all fish that died 
dur ing  the exper iments  were necropsied.  

P r e v a l e n c e  of m y c o b a c t e r i a l  i n f e c t i o n s  

Acid-fast stains of k idney  t issue smears  were examined  to est imate the prevalence  of 
mycobacter ia l  infect ions at selected locations in  Oregon and  the Pacific Ocean. The 
Z ieh l -Nee l sen  acid-fast s tain (Paik & Suggs, 1974) and  a modified fluorescent acid-fast 
stain (Matthaei,  1950; Banner  et al., 1982) were  used. The fish were considered infected 
w h e n  typical  acid-fast baci l l i  were observed in the t issue smear. 

RESULTS 

C h a r a c t e r i z a t i o n  

Primary isolat ion and  subcul t iva t ion  on Ogawa  egg m e d i u m  revealed  smooth, moist, 
creamy to buff-colored colonies (Fig. la). Rough colonies sometimes developed after 
three weeks  incuba t ion  and  were the usual  form exhibi ted  on Sauton 's  agar after five 
days (Fig. lb). Microscopic examina t ion  of the strains isolated from fish and  grown on 
Ogawa  egg m e d i u m  revealed  p leomorphic  rods, 1 to 4 t~m × 0.3 to 0.6 ~zm in diameter. 
The cells were acid-fast and  weak ly  Gram positive. No spores, capsules, true branching,  
or aerial  hyphae  were observed. 

Visible  colonies deve loped  in  3 to 5 days at 25 and  30 °C. Growth at 10 °C was 
observed 5 to 10 days after inocula t ion  of all isolates except Montana  (MONT), which 
grew in  less than  5 days. None  of the isolates grew at 37 °C or above. Strains of 
Mycobacter ium fortuitum grew from 25 to 42 °C and  both subspecies  of M. chelonei  grew 
from 10 to 37 °C. The log of the m e a n  optical densi ty  of the BAN isolate was plotted for 
each tempera ture  tested and  the genera t ion  t imes were  as follows: 36.5 h at 10 °C, 24.3 h 
at 15°C, 14.3 h at 20°C, 7.4 h at 25°C, and 26.7 h at 30°C. The optimal  growth 
tempera ture  was  b e t w e e n  20 and  25 °C with no growth occurr ing after 14 days above 

30 °C or be low 10 °C. 
The results of 63 b iochemica l  tests (Table 2) were ana lyzed  by the convent ional  

n x n matrix table  of ma tch ing  scores The in te rna l  s imilar i ty  of the five isolates was 94.2 

__. 3 .4%.  
When  compared  to other rapidly  growing,  nonchromogen ic  mycobacteria,  the iso- 

lates showed a re la t ionship  to the two subspecies  of M. chelonei  (Table 3). The salmonid 
isolates differed from M. chelonei  subspecies  chelonei  by 12 properties and  from M. 
chelonei  subspecies  abscessus by 11 propert ies  (Table 4). These characteristics served to 
d is t inguish  the sa lmonid  isolates from the two k n o w n  subspecies  of M. chelonei. An 
impor tant  difference was the inab i l i ty  of the isolates from salmonids  to grow at 37 °C. 

All of the sa lmonid  isolates and  k n o w n  mycobacter ia  examined  produced precipi- 
tates of mycolic acids which  mel ted  b e t w e e n  45 and  65 °C. These temperatures  corres- 
ponded  to the mel t ing  points of mycolic acids for mycobacter ia  reported by Kanetsuna  & 
Bartoli (1972). 

All of the acid methanolysa te  extracts of the sa lmonid  isolates showed a pat tern 
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Fig. 1. Colony morphology of Bandon (BAN) isolate after 5 days at 25 °C. Nonpigmented smooth 
growth on Ogawa egg medium (A) and rough growth on Sauton's agar (B) 

ident ical  to those p roduced  by strains of M. chelonei w h e n  ana lyzed  by two d imens iona l  

thin- layer  chromatography (Fig. 2). 
The average  percent  guan ine  plus cytosine (% G -b G) of DNA of the mycobac te r ia  

isolated from salmonids r anged  from 61 to 65 %. These  va lues  fall wi th in  2 % of the 62 to 

70 % G q- C va lue  repor ted  for the mycobac te r ia  (Goodfel low & Wayne,  1982). The  
average  % G -b C for the sa lmonid  isolates was 63 _+ 1.7 %. 

P a t h o g e n i c i t y  

After 21 days, the mice in jec ted  with  cell  suspensions  of each of the isolates were  
sacrificed. None  of the animals  exh ib i t ed  signs of infect ion and no gross in ternal  lesions 

were  vis ible  upon necropsy.  Kidney, l iver  and sp leen  t issues were  processed  for bacte-  

rial culture in an a t tempt  to recover  the in jec ted  o rgan ism but no isolat ions were  made.  
Tissue smears  of these organs  did not revea l  the p re sence  of acid-fast  bacteria.  

Exper imenta l  infections were  p roduced  at 12 °C in three  separa te  lots of j uven i l e  
ra inbow trout in jec ted  IP with  the BAN, ER, and SIL isolates.  The  total loss r anged  from 

20 to 52 % with the SIL isolates caus ing  the grea tes t  number  of deaths.  None  of the fish 
in the control group b e c a m e  infected with mycobacter ia .  From fish that  died, isolates 

were  recovered  on O g a w a  egg  m e d i u m  and observed  by Z ieh l -Nee l sen  stain. Signs of 

infection were  variable.  Mor ibund  fish often had swol len  abdomens  and h e m o r rh a g in g  
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T a b l e  2. B i o c h e m i c a l  c h a r a c t e r i s t i c s  o f  f i v e  s a l m o n i d  i s o l a t e s  s t u d i e d  

C h a r a c t e r  I s o l a t e s  

B A N  ER SIL  T R A - 2 3  M O N T  

E n z y m a t i c  a c t i v i t y  

a r y l s u l f a t a s e  - 3 d a y s  + + + + + 

a r y l s u l f a t a s e  - 2 w e e k s  + ÷ + + + 

h i p p u r a t e  h y d r o l y s i s  . . . . .  

t w e e n  h y d r o l y s i s  - 5 d a y s  . . . . .  

n i t r a t e  r e d u c t a s e  . . . . .  

a c e t a m i d a s e  . . . . .  

b e n z a m i d a s e  . . . . .  

u r e a s e  + + + + + 

i s o n i c o t i n a m i d a s e  . . . . .  

n i c o t i n a m i d a s e  . . . . .  

p y r a z i n a m i d a s e  . . . . .  

a l l a n t o i n a s e  . . . . .  

s u c c i n a m i d a s e  . . . . .  

c a t a l a s e  + + + + + 

c a t a l a s e  a f t e r  68  °C  . . . . .  

a c i d  p h o s p h a t a s e  + + ÷ + + 

a c i d  p h o s p h a t a s e  a f t e r  70  °C  . . . . .  

U t i l i z a t i o n  a s  s o l e  C - s o u r c e  

b e n z o a t e  . . . . .  

f u m a r a t e  + + + -- --  

s u c c i n a t e  + + + -- - 

c i t r a t e  + + + - - 

m a l o n a t e  . . . . .  

o x a l a t e  . . . . .  

U t i l i z a t i o n  a s  s o l e  C a n d  N - s o u r c e  

a c e t a m i d e  . . . . .  

b e n z a m i d e  . . . . .  

n i c o t i n a m i d e  . . . . .  

N a - L - g l u t a m a t e  + + + + + 

L - s e r i n e  + + + + + 

g l u c o s a m i n e  h y d r o c h l o r i d e  . . . . .  

T o l e r a n c e  to  

h y d r o x y l a m i n e ,  2 5 0  ~ g / m l  + + + + - 

a z i d e ,  20  ~ g / m l  --  - -  --  + -- 

8 - a z a g u a n i n e ,  250 ~ g / m l  + + + + + 

ethambutol, 5 ~g/ml + + + + + 
i % sodium deoxycholate + + + + + 

0. 1% sodium nitrite + + + - + 

3 % NaCI -- + + + -- 

5 % NaCI . . . . .  

0.1% malachite green + + + + + 

0.01% methyl violet + + + + + 

0.01% pyronin B + + + + + 

0.01% chlorophenol red + + - -- - 

0 . 1 %  p i c r i c  a c i d  + + + + + 

0 .2  % p i c r i c  a c i d  + + + + + 

p a r a - a m i n o b e n z o a t e  + + + + + 

p a r a - a m i n o s a l i c y l a t e  + + + + + 

s o d i u m  s a l i c y l a t e  + + + + + 
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a r o u n d  t h e  v e n t s  a n d  a l o n g  t h e  l a t e r a l  su r faces .  W h e n  n e c r o p s i e d ,  a s c i t e s  a n d  a w h i t e  

m e m b r a n o u s  m a t e r i a l  w e r e  o b s e r v e d  a r o u n d  t h e  m e s e n t e r i e s  a n d  a d j o i n i n g  v i sce ra .  T h e  

s p l e e n ,  k i d n e y  a n d  l i ve r  w e r e  t h e  o r g a n s  m o s t  o f t e n  a f f ec t ed .  In  g r o s s l y  i n f e c t e d  f i sh  t h e  

l iver  a n d  k i d n e y  w e r e  pa l e ,  a n d  w h i t e  n o d u l a r  l e s i o n s  w e r e  s e e n  in  t h e s e  o r g a n s .  T h e  

s p l e e n  w a s  u s u a l l y  e n l a r g e d  a n d  a d e e p  r e d  color.  No  d e a t h s  o c c u r r e d  a f t e r  40 d a y s  a n d  

all su rv ivors  w e r e  s a c r i f i c e d  80 d a y s  a f te r  i n j ec t i on .  U p o n  n e c r o p s y ,  s p l e n o m e g a l y  w a s  

o f t en  o b s e r v e d  a n d  i so l a t e s  w e r e  r e c o v e r e d  a n d  d e t e c t e d  b y  a c i d - f a s t  s t a in  in  3 1 %  of t h e  

ER i n j e c t e d  g roup ,  60 % of t h e  SIL i n j e c t e d  g roup ,  a n d  88 % of t h e  B A N  i n j e c t e d  g roup .  

T h e  f i sh  in  t h e  con t ro l  g r o u p  r e m a i n e d  f r ee  of t h e  d i s e a s e .  

Table 2 continued 

Character Isolates 

BAN ER SIL TRA-23 MONT 

Growth on 
MacConkey agar + + + + + 
Potassium-tellurite agar + + + + + 

Degradation of 
para-aminobenzoate + + + + + 
para-aminosalicylate + + + + + 
sodium salicylate + + + + + 

Acid production from 
glucose + + + + + 
arabinose . . . . .  
dulcitol . . . . .  
fructose . . . . .  
galactose . . . . .  
inositol . . . . .  
mannitol . . . . .  
mannose + + + + + 
rhamnose . . . . .  
sorbitol . . . . .  
s u c r o s e  . . . . .  

trehalose . . . . .  
xylose . . . . .  

Iron uptake . . . . .  

Niacin production . . . .  + 

In t he  s e c o n d  e x p e r i m e n t ,  j u v e n i l e  c h i n o o k  s a l m o n  w e r e  i n j e c t e d  w i t h  a ce l l  

s u s p e n s i o n  of t he  B A N  i so l a t e  a n d  m a i n t a i n e d  at  18 °C for 10 days .  M o r t a l i t y  w a s  98 % 

by  t h e  10th d a y  af ter  i n j e c t i o n .  G e n e r a l l y ,  no  i n t e r n a l  or e x t e r n a l  s i g n s  of i n f e c t i o n  w e r e  

o b s e r v e d  in  f ish  t h a t  d i e d  d u r i n g  t h e  f irs t  7 days ,  a l t h o u g h  a c i d - f a s t  b a c t e r i a  w e r e  f o u n d  

in  t i s sue  s m e a r s  or w e r e  r e c o v e r e d  in  cu l tu re .  Asc i t e s ,  s p l e n o m e g a l y ,  a n d  a w h i t e  

m e m b r a n o u s  m a t e r i a l  a r o u n d  t h e  m e s e n t e r i e s  w e r e  o b s e r v e d  in  f i sh  t h a t  d i e d  o n  t h e  8 th  

to 10th days .  
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Table  3. Percent  s imilar i t ies  b e t w e e n  the sa lmonid  isolates,  r ep re sen t ed  by  the Bandon strain, and 
se lected spec ies  of rapidly  g r o w i n g  mycobacter ia  

Taxon  Percent  similari ty 
to the Bandon isolate" 

M y c o b a c t e r i u m  c h e l o n e i  ssp, a b s c e s s u s  87.2 
M. c h e l o n e i  ssp. c h e l o n e i  85.9 
M, s a l m o n i p h i l u m  °" 79.5 
M, fo r tu i t um  (cold-water  type)""  78.2 
M, fo r tu i t um  (type strain) 75.6 
M, m a r i n u m  73.1 
M. ch i tae  68.1 
M. agri 55.0 
M. s m e g m a t i s  53.1 

" Charac ter i s t ics  of k n o w n  mycobac te r ia l  s t rains b a s e d  on  resul ts  from this s tudy and  on  those 
repor ted  by  Goodfe l low & Wayne  (1982); Saito et al. (1977); T s u k a m u r a  (1981) and the 8th 
Edit ion of Bergey ' s  Manual .  Percent  va lue  exp re s sed  based  on 78 character is t ics  

* * Not recognized  by  8th Edit ion of Bergey ' s  Manua l  (Runyon et al., 1974) 

Table  4. Differences  in proper t ies  b e t w e e n  the  sa lmonid  isolates,  r ep re sen ted  by  the Bandon strain, 
and  the two k n o w n  subspec ie s  of M y c o b a c t e r i u m  chelonei .  - -- less  t han  15 % stra ins  produced  
posi t ive  reaction. + = grea te r  than  85 % strains p roduced  posi t ive  reaction. ~ = 15-85 % strains 

p roduced  posi t ive reaction* 

Proper ty  Bandon 
Strain 

Mycobac t e r ium M y c o b a c t e r i u m  
che lone i  subsp ,  c h e t o n e i  subsp.  

chelonei a bscessus 

G r o w t h  at 37 °C -- + + 
H ippura t e  hydrolys is  - + 
Nico t inamidase  - + 
Pyraz inamidase  - + + 
Cata lase  after 68 °C - + + 
Acid p h o s p h a t a s e  after  70 °C -- ~ -- 
Tolerance  to 

azide, 20 ~g /ml  - - + 
1% sod ium deoxychola te  + -- + 
0 .1% sod ium nitri te + -- + 

- -  + 
5 % NaC1 
0.2 % picric acid + - + 

Growth  on p o t a s s i u m  tellurite agar  + - + 
Acid f rom mann i to l  + - - 
Acid from t reha lose  - + + 
Citrate  ut i l izat ion as  sole ca rbon  source  + + - 
Nico t inamide  uti l izat ion as sole carbon  _ _ + 

and  n i t rogen  source  

" Propert ies  of MCC and  MCA based  on resul ts  of this s tudy and  on proper t ies  repor ted by 
Goodfe l low & W a y n e  (1982}; Saito et al. (1977); T s u k a m u r a  (1981); Runyon  et al. (1974) 
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Fig. 2 Patterns produced by two dimensional thin-layer chromatography of whole-organism acid 
methanolysates of (A) Mycobacterium chelonei subspecies chelonei, (B) M. chelonei subspecies 
abscessus, (C) M. fortuitum, and (D) Bandon isolate, representing patterns produced by all of the 
salmonid isolates. Arrows denote direction of development: (1) petroleum ether/acetone (95:5) 
(x3), (2) toluene/acetone (97:3) (x 1)~ Isolates show identical lipid pattern to two subspecies of 

M. chelonei 

P r e v a l e n c e  of m y c o b a c t e r i a l  i n f e c t i o n s  

The prevalence  of mycobacter iaI  infect ions in  selected popula t ions  of fish in  Oregon 
hatcheries ranged from 0 to 26 % (Table 5). Dur ing  this study, access to ocean-caught  
juveni le  salmonids presented  a u n i q u e  opportuni ty  to invest igate  the preva lence  of 
mycobacterial  infections in fish dur ing  their salt water  phase• Infections in the groups of 
ocean-caught  juveni le  coho (Oncorhymchus kisutsch) and  juven i l e  chinook were 1.4 % 
and 4.0 % respectively (Table 5). 
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Table  5. Prevalence of mycrobacter ial  infections in selected populat ions of salmonids de termined 
by acid-fast  s tain in smears  of k idney  tissue 

Location Type of fish No. of fish No. Percent 
examined  examined  infected positive 

Elk River adul t  fall 150 0 0 
chinook* 

Bonnevi l le  adul t  fall 41 4 10.0 
chinook '*  

Trask River adul t  spring 40 1 3.0 
chinook * 

juveni le  43 2 5.0 
spring chinook ~ 

juveni le  100 10 10.0 
chinook ~ 

juveni le  coho ~ 64 13 26.0 

Salmon River juveni le  coho ~ 6 1 17.0 

Pacific Ocean  ocean-caught  70 1 1,4 
juveni le  coho 

ocean-caught  25 1 4.0 
juveni le  chinook 

• Samples  collected at t ime of spawning.  
•" Mortal i t ies  in  ho ld ing  pond  at hatchery prior to spawning.  

Mortali t ies occurring in hatchery.  
• ~ Random sample sacrificed for examination,  

D I S C U S S I O N  

H i s t o r i c a l  b a c k g r o u n d  

Mycobacter ium chelonei  w a s  f i rs t  p r o p o s e d  b y  B e r g e y  e t  al.  (1923) for  a b a c i l l u s  

i s o l a t e d  f r o m  a t u r t l e  t u b e r c l e  b y  F r i e d m a n n  ( G o o d f e l l o w  & W a y n e ,  1982). T h e  tax-  

o n o m i c  s t a t u s  of t h e  s p e c i e s  w a s  r e v i s e d  i n  1969  w h e n  i t  w a s  p r o p o s e d  t h a t  M. abscessus, 
M. borstelense a n d  M. runyonii  b e  r e d u c e d  to s y n o n y m s  of M. chelonei ( T s u k a m u r a ,  

1981).  P r io r  to  t h i s  s t u d y ,  ~ abscessus a n d  hi. runyoni i  w e r e  f o u n d  to b e  i d e n t i c a l  w h i l e  

M. borstelense w a s  c o n s i d e r e d  a s e p a r a t e  s p e c i e s  or  a t  l e a s t  a v a r i a n t  of M. abscessus 
( G o o d f e l l o w  & W a y n e ,  1982).  In  1972, t h e  I n t e r n a t i o n a l  W o r k i n g  G r o u p  o n  M y c o b a c t e -  

r i a l  T a x o n o m y  ( I W G M T )  s u g g e s t e d  t h a t  M. abscessus a n d  M. borstelense b e  c l a s s i f i ed  

u n d e r  t h e  s i n g l e  n a m e  M. chelonei  o n  t h e  b a s i s  of l i p i d  p a t t e r n s ,  s e r o l o g i c a l  s tud ie s ,  a n d  

b i o c h e m i c a l  c h a r a c t e r i s t i c s  ( K u b i c a  e t  al. ,  1972).  T w o  s u b s p e c i e s ,  /VL chelonei s u b -  

s p e c i e s  abscessus a n d  /W. chelonei  s u b s p e c i e s  chelonei  w e r e  r e c o g n i z e d  a n d  d i s t i n -  

g u i s h e d  b y  t h e  f o l l o w i n g  b i o c h e m i c a l  tes t s :  (1) u t i l i z a t i o n  of c i t r a t e  a s  a s i n g l e  c a r b o n  

s o u r c e ;  (2) u t i l i z a t i o n  of n i c o t i n a m i d e  a n d  (3) n i t r i t e  as  a s i n g l e  n i t r o g e n  sou rce ;  (4) 

u t i l i z a t i o n  of t r i m e t b y l e n e  d i a m i n e  as  a s i n g l e  n i t r o g e n  a n d  c a r b o n  sou rce ;  (5) g r o w t h  in  

t h e  p r e s e n c e  of 1 %  d e o x y c h o l a t e  a n d  (6) 5 % NaC1.  A d d i t i o n a l  b i o c h e m i c a l  t e s t s  u s e d  
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for the differentiat ion of the two subspecies  were reported by Runyon et al. (1974), Saito 
et al. (1977) and  Tsukamura  (1981). In a recent  report, Tsukamura  (1981) sugges ted  the 
subspecies of M. chetonei  be regarded as two separate  species. Al though reports 
produced by the IWGMT have he lped  to clarify the present  taxonomy of the mycobac-  
teria, test reproducibi l i ty  studies des igned  to establ ish standard,  re l iable  methods for the 
identif icat ion and  classification of rapidly growing mycobacter ia  are not yet avai lable .  

C h a r a c t e r i z a t i o n  of s a l m o n i d  i s o l a t e s  

The isolates obta ined  from salmonids  were all acid-fast, possessed mycobacter ia l  
mycolic acids, had a % G + C of 63 ___ 1.7 %, grew rapidly at 25 and  30 °C and  produced 
smooth, moist, creamy to buff-colored colonies on Ogawa egg medium.  Thus, they can 
be considered to be long  to the rapidly growing,  nonchromogen ic  group of mycobacter ia .  

Growth temperature  is one of the most s table characteristics of a bacter ia l  strain. In a 
classification system proposed by  Marks  (1976), growth tempera ture  provided the basis  
for the fundamenta l  divis ion of mycobacter ia  found in cl inical  isolates. Unl ike  other 
nonchromogenic ,  rapidly growing  mycobacteria,  the isolates from sa lmonids  are u n i q u e  
in that they do not produce any  growth at 37 °C, even  after repeated  subcul ture  on 
Petragnani ' s  and  Ogawa egg media.  

The five isolates of mycobacter ia  from sa lmonids  had an in terna l  s imilari ty of 94.2 + 
3.4 % when  their b iochemical  and  physical  characteristics were compared by conven-  
tional n × n matrix analysis  (Tsukamura,  1967a). This demonstra tes  their homogeneous  
nature. A sixth isolate from Snobs Creek Hatchery, Austral ia  (AUS-561), was received 
late in the study and  its b iochemical  propert ies  were  not fully de termined.  A s h b u m e r  
(1977) ident if ied the isolates ob ta ined  from infected chinook at the Snobs Creek Hatch- 
ery as M. chelonei  but  a complete  character izat ion of the bac te r ium was not reported. In 
comparison with other rapidly growing  mycobacter ia l  strains used in this s tudy and  
described in  the literature, the sa lmonid  isolates were re la ted to M. chelonei  subspecies  
chelonei and  M. chelonei  subspecies  abscessus. 

Minn ik in  et al. (1980) reported the formation of three characteristic pat terns  of 
mycobacterial  mycolic acids ana lyzed  by two d imens iona l  th in- layer  chromatography 
useful for the subgener ic  classification of mycobacteria.  The pat terns  were exempli f ied  
by: (1) M. tuberculosis, (2) M. avium, and  (3) M. fortuitum and  M. smegmat i s  which 
produced a s ingle  pattern.  A subsequen t  report showed an  addi t ional  pa t te rn  was 
produced by strains of M. chelonei  which a l lowed the group to be d i s t inguished  from all 
other mycobacter ia  studied. Acid methanolysa te  extracts of each of the sa lmonid  isolates 
produced patterns ident ical  to the two known  subspecies  of M. chelonei. This provides 
further evidence  that the sa lmonid  isolates be  ident i f ied with this group of mycobacteria.  

With the exception of t r imethylene  d iamine  uti l ization,  all of the tests used to 
dis t inguish the two known  subspecies  of M. chelonei  were inc luded  in  the characteriza- 
tion studies of the sa lmonid  isolates. Based on the classification system used in this 
study, the isolates have b iochemical  propert ies in te rmedia te  of those reported for both 
subspecies of M. chelonei  and cannot  be defini t ively p laced  in  either of the two 
subdivisions. The biochemical ,  physical ,  and  l ipid propert ies  of the sa lmonid  isolates 
indicate they are related to the k n o w n  subspecies  but  are sufficiently different to be  
considered a new  subspecies  of N/. chelonei. Mycobacter ium chelonei  subspecies  
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piscarium subsp. 

salmonids.  

nov. 

C. K. Arakawa  & J. L. Fryer 

(L. adj. piscarius of fish) is sugges t ed  for this pa thogen  of 

P a t h o g e n i c i t y  of  s a l m o n i d  i s o l a t e s  

Strains of M. chelonei  that  p roduced  a pos i t ive  arylsulfatase react ion after three days 

h a v e  b e e n  repor ted  to cause  d isease  in humans  (Goodfel low & Wayne,  1982). No 

obse rvab le  signs of d isease  w e r e  p roduced  in Swiss-Webster  mice  in jec ted  wi th  v iab le  
cell  suspensions  of the sa lmonid  isolates, ind ica t ing  they are not pa thogen ic  to these 
w a r m - b l o o d e d  animals.  The  isolates, however ,  w e r e  arylsulfatase posi t ive  after three 

days and a l though  they were  unab le  to grow at 37 °C, growth was  p roduced  at 30 °C. 

This t empera tu re  corresponds to the per iphera l  body  tempera tu re  of humans;  thus, the 
sa lmonid  isolates cannot  be  totally d i s rega rded  as potent ia l  pa thogens  of warm-b looded  

animals.  

Exper imen ta l  infect ions were  p roduced  in j uven i l e  ra inbow trout and fall chinook 
sa lmon in jec ted  with  h igh  cell  concentra t ions  of the isolates. Signs of the disease were  

s imilar  to those descr ibed  by Parisot (1958) and Ashburne r  (1977). Mycobacter ia  could 

be  readi ly  de tec ted  and recovered  from fish sacr if iced on the 80th day of the exper iment ,  

ind ica t ing  the infect ion was of a chronic nature.  An acute  form of the disease  was also 
observed  in the group of j uven i l e  chinook he ld  at a h ighe r  tempera ture .  

P r e v a l e n c e  of  m y c o b a c t e r i a l  i n f e c t i o n  

Al though  diagnosis  of mycobacter ios is  in fish rea red  in Oregon  hatcher ies  did not 

occur  b e t w e e n  1964 and 1981 (Fryer & Sanders,  1981), our observat ions  prompted  the 
ini t ia t ion of a l imi ted  survey to es t imate  the p reva lance  of mycobac ter ia l  infections. 

Results ind ica ted  a low pe rcen t age  of the sa lmonid  popula t ions  e x a m i n e d  were  infected 
with  acid-fast  bacter ia .  Our  observat ions  of mycobac te r ia  in j uven i l e  and adult  san  

monids  in both the  fresh and salt  water  phases  suggests  that  this infect ion cont inues  

th roughout  their  life cycle. 
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