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DISCLAIMER 1 

Thi s  r e p o r t  was prepared a s  an  account  of work'sponsored by t h e  

3 United S t a t e s  ~ o v e r n m e n t . .    either t h e  United S t a t e s  nor  t h e  United S t a t e s  

4 Department of Energy, no r  any of  t h e i r  employees, no r  any of t h e i r  . 

s cont rac tors , subcont rac tors ,  o r  t h e i r  employees, makes.any warran ty ,  

6 expressed o r  implied o r  assumes any l e g a l  r e s p o n s i b i l i t y  f o r  t h e  accuracy ,  

7 completeness o r  u s e f u l n e s s  of  any informat ion ,  appa ra tus ,  product  o r  

8 process  d i s c l o s e d ;  o r  r e p r e s e n t s  t h a t  i t s  u s e  would n o t  i n f r i n g e  on 

g privately-owned r i g h t s .  
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ABSTRACT . . 

2 During t h e  c u r r e n t  c o n t r a c t  y e a r ,  t h e  fo l lowing  r e s u l t s  were ob ta ined :  

3 (1) Data f rom f  ie ld-genera ted  s t u d i e s  have shown t h a t  h e m a t o c r i t  , hemoglobin, 

4  t o t a l  r e d  blood c e l l  coun t s ,  t o t a l  w h i t e  blood c e l l  coun t s  and c o r t i s o l  

5 l e v e l s  a r e  s i g n i f i c a n t l y  a f f e c t e d i n  largemouth b a s s  w i t h  body c o n d i t i o n s  

6 < 2.0, s u g g e s t i n g t h a t  s t r e s s ,  body c o n d i t i o n  and t h e  p r o b a b i l i t y  of b a s s  . 

7 a c q u i r i n g  red-sore d i s e a s e  a r e  r e l a t e d .  Laboratory s t u d i e s  appear  t o  a t  

8 l e a s t  p a r t i a l l y  conf i rm t h e s e  r e s u l t s .  (2)  Chemotaxis s t u d i e s  sh6b t h a t  

9 Aeromonas hydrophi la  i s  a t t r a c t e d  t o  s p e c i f i c  suga r s  and amino a c i d s  and 

1 0  t h a t  t h e r e  appears  t o  b e  a s t r a i n - r e l a t e d  a f f e c t  of f i s h  mucous on - A.=hydroph i l a  

1 1  i s o l a t e d  from red-sore  l e s i o n s .  (3)  Irnrnunologic and s e r o l o g i c  t e s t s  sugges t  

1 2  t h a t  - A .  hydrophi la  i s o l a t e d  from red-sore  l e s i o n s  on b a s s  from one l a k e  

13 system w i l l  n o t  c ros s - r eac t  w i t h  a n t i b o d i e s  i n  s e r a  i s o l a t e d  from b a s s  i n  

1 4  ano the r  l a k e  system, sugges t ing  t h e  e x i s t e n c e  of d i f f e r e n t  s t r a i n s  i n  

1 5 d i f f e r e n t  l a k e s .  



1 I. Br ie f  Desc r ip t ion  - of  Scope - of I n v e s t i g a t i o n  - and S i g n i f i c a n t  R e s u l t s  

. 2 .  . Red-sore d i s e a s e  h a s  been shown t o  b e  a s i g n i f i c a n t  problem f o r  > t h e  

3 s p o r t  and commercial f i s h i n g  i n d u s t r i e s  i n  t h e  sou theas t e rn  United S t a t e s  

4 (Rogers, 1971; S h o t t s ,  e t  a?., 1972;  miller^ and chapman, 1976; Esch and 

s Hazen, 1978).  Evidence generated over  t h e  p a s t  fou r  y e a r s  has  s t r o n g l y  

6 i n d i c a t e d  t h a t  t h e  ep i zoo t io logy  of red-sore  d i s e a s e  i n  a  South Caro l ina  

7 coo l ing  r e s e r v o i r  is  a f f e c t e d  by thermal  e f f l u e n t  from a n u c l e a r  product ion  

8 r e a c t o r  (Esch, e t  a l . ,  1976; Esch and Hazen, 1978). Seve ra l  l i n e s  of s tudy  

9 pursued dur ing  t h e  same per iod  of t ime have conc lus ive ly  shown t h a t  t h e  

1 0  gram-negative bacter ium, Aeromonas h j rd roph i l a , i s  t h e  primary e t i o l o g i c  

1 1  agent  f o r  t h e  d i s e a s e  (Hazen, e t  a l . ,  1978; Huizinga, et a l . ,  1979) .  A 

1 2  s t r e s s  hypo thes i s ,  formulated by Esch and Hazen (1978) appears  t o  have 

1 3 s u b s t a n t i a l  f i e l d  . and l a b o r a t o r y  evidence f o r  support .  

1 4  R e s u l t s  of s t u d i e s  du r ing  t h e  c u r r e n t  c o n t r a c t  y e a r  a r e  presented  i n  

15 manuscript  form and i n  r e p r i n t s  compris ing t h e  next  s e c t i o n  of  t h e  r e p o r t .  

1 6  11. Progress  - i n  Achieving Ob jec t ives  

17 Rather  than  r e p e a t i n g  verba t im informat ion  contained w i t h i n  manuscr ip ts  

1 8  and r e p r i n t s  submit ted o'r publ i shed  du r ing  t h e  c u r r e n t  year , '  an  a b s t r a c t  

1 9  and/or  summary of each is  presented .  These a b s t r a c t s  and/or  summaries w i l l  

2 0  comprise t h e  annual  r e p o r t  f o r  t h e  c u r r e n t  c o n t r a c t  yea r .  

2 1  A . )  Hazen, T. C . ,  M. L. Raker, G. W..Esch and C. B. F l i e r m a n s , ' l 9 7 8 .  Ultra- 

2 2 '  s t r u c t u r e  of red-sore  l e s i o n s  on 1argemouth.bass  (Micropterus sa lmoides) :  

23' t h e  a s s o c i a t i o n  of t h e  p e r i t r i c h  E p i s t y l i s  sp. and t h e  bac ter ium 

2 4 Aeromonas hydrophi la .  J. Pro tozool .  25:  351-355. 

2 5  ABSTRACT: Epizoo t i c  ou tbreaks  of red-sore. d i s e a s e  in s e v e r a l  r e s e r v o i r s  i n  



. . . 
1 t h e  sou theas t e rn  United S t a t e s  have been, r e p o r t e d  t o  c a u s e  heavy m o r t a l i t y  

2 among s e v e r a l  s p e c i e s  of f i s h  having s p o r t  and commercial va lue .  The 

3 e t i o l o g i c  agent  i s  s a i d  t o  b e  t h e  p e r i t r i c h  c i l i a ' t e  E p i s t y l i s  kp. ; secondary 

4 i n f e c t i o n  by t h e  gram-negative bac ter ium Aeromonas hydrophi la  produces . 

5 hemorrhagic sep t icemia  which r e s u l t s  i n  dea th .  However, i n  r e c e n t  s t u d i e s  

6 on, t h e  largemouth bas s  Micropterus salrnoides,  E p i s t y l i k  sp.  could b e  

7 i s o l a t e d  from only  35% of 114 l e s i o n s  from 114 f i s h ,  wh i l e  - .  A. hydroph i l a  was 

8 found i n  96% of t h e  same l e s i o n s .  Transmission .and scanning ele 'c t ron 

9 microscopy of l e s i o n s  a s s o c i a t e d  w i t h  red-sore d i s e a s e  i n d i c a t e  t h a t  n e i t h e r  

1 0  t h e .  s t a l k  no r  t h e  a t tachment .  s t r u c t u r e  of E p i s t y l i s  sp.. have o r g a n e l l e s  

11 capab le  of producing l y t i c  enzymes. S ince  o t h e r  i n v e s t i g a t o r s  have shown 

1 2  t h a t  - A. hydrophi la  produces s t r o n g  l y t i c  t o x i n s ,  and i n  absence of evidence . 

1 3  t o  t h e  c o n t r a r y ,  i t  i s  concluded t h a t  E p i s t y l i s  sp.  i s  a benign ectocommensal 

I 4  a n d  t h a t  A. hydrophi la  i s  t h e  pr imary e t i o l o g i c  agent  i f  red-sore  d i s e a s e .  

1 5  B. )  ~ a i e n ,  T. C . ,  C. B. Fl iermans,  R. P. Hi rsch  and G. W. Esch. 1 9 7 8 .  The 

16 preva lence  and d i s t r i b u t i o n  of Aeromonas hydrophi la  i n  t h e  United.  

17  S t a t e s .  Appl. Environ. Microbiol .  36: 731-738. 

1 8  ABSTRACT: The abundance of Aeromonas hydrophi la  was measured i n  147 n a t u r a l  

1 9  a q u a t i c  h a b i t a t s  i n  30 s t a t e s  and Fue r to  Rico. Viable  c e l l  coun t s 'were  used . , 

' 

2 0 .  t o  e s t i m a t e  d e n s i t y  a t  a l l  sites by u s i n g  Rimler-Shotts medium, a  d i f f e r e n t i a l  

2 1 presumptive medium f o r  A. hydrophi la .  ~ e m ~ e r a t u r e ,  pH, c o n d u c t i v i t y ,  s a l i n i t y ,  

2 2  and t u r b i d i t y  were'measured s imul taneous ly  w i t h . w a t e r  sample c o l l e c t i o n .  

23 The d e n s i t y  of A. hydrop.hila was h ighe r  i n  l o t i c  than  i n  l e n t i d  systems.  

2 4  S a l i n e  systems had h ighe r  d e n s i t i e s  of - A. hydrophi la  than  d i d  f r e shwa te r  

2 5  systems. A. hydrophi la  could  n o t  bc  i s o l a t e d  from e x t r e ~ a e l y  sa . l ine ,  thermal ,  

W . F . U .  



1 or p o l l u t e d  wa te r s ,  even though i t  was found o v e r . w i d e  r anges  of  s a l i n i t y ,  

2 ' conduc t iv i ty ,  t empera ture ,  pH, and t u r b i d i t y .  Of t h e  water  q u a l i t y  parameters  

3 measured, on ly  condu.c t iv i ty  was s i g n i f i c a n t l y  r eg re s sed ,w%th  d e n s i t y  of  A. 

4 hydrophi la .  

5 C . )  Huizinga, H. ,  G. W. Esch and T. C. ~ a & n .  1979. His topa thology of 

6 red-sore d i s e a s e  (Aeromonas hydroph i l a )  i n  n a t u r a l l y  and expe r imen ta l ly  . 

7 i n f e c t e d  largemouth b a s s  (Micropterus salmoides) .  J. F i s h  D i s .  2: 

8 310-321. . . 

9 ABSTRACT: The h i s topa tho logy  of red-sore  d i s e a s e ,  caused by t h e  gram-negative 

1 0 bac te r ium,  Aeromonas hydroph i l a ,  i s  descr ibed '  f o r  largemouth b a s s ,  f i l icropterus 
, . 

11 -saimoides. E x t e r n a l l y ,  l e s i o n s  r ange  from t h o s e  a f f e c t i n g  a few s c a l e s  

12 (p in -po in t ) ,  t o  t h o s e  a s s o c i a t e d  w i t h  e x t e n s i v e  ch ron ic  u l c e r a t i o n s ;  t h e r e  i s  

1 3  f o c a l  hemorrhage, oedema and dermal n e c r o s i s  which exposes unde r ly ing  muscles  

1 4  .producing i n f i l t r a t i o n  of mononuclear and g r a n u l o c y t i c  inflammatory c e l l s .  

1 5  I n t e r n a l l y ,  t h e  - l i v e r  and kidneys a r e .  f o c i  f o r  t o x i c  p roduc t s  produced by . . 

16' - A. hydrophi la  w i th ,  i n  t h e  most s e v e r e  c a s e s ,  complete d e s t r u c t i o n  of t h e  

1 7  s t r u c t u r a l  i n t e g r i t y  of bo th  organs .  P a t h o l o g i c a l  changes were n o t  s e r i o u s  

18 i n  e i t h e r '  t h e  s p l e e n  o r  h e a r t ,  even i n  c a s e s  'wi th  massive damage i n  t h e  l i v e r  

1.9 and kidney. I n t e r n a l  and e x t e r n a l  l e s i o n s  were similar i n  bo th  n a t u r a l  and 

2 0 . e x p e r i m e n t a l l y  induced i n f e c t i o n s .  The pa thobio logy  of red-sore  d i s e a s e  i n  

2 1  bass  was p o s t u l a t e d  t o  be  l i nked  t o  e l e v a t e d  water  tempera ture  s t i m u l a t i n g  

2 2  i nc reased  metabolism, decreased  body c o n d i t i o n  and s t r e s s ,  l e a d i n g  t o  t h e  

2 3  increased  product ion  of c o r t i c o s t e r o i d s  and t h e  c o n c o m i t a n t  r i s e  i n  

2 4  s u s c e p t t b i l i t y  t o  i n f e c t i o n .  

2 5  Q,) Hazen, T. C. and C. B. Fl icrmons.  1979. T h e  d i s t r i b u r f o n  of Aeromonas 



1 hydrophi la  i n  n a t u r a l  and man-made thermal  e f f l u e n t s .  Appl. Environ. 

2 Microbio l .  38: ( I n  p r e s s ) .  

3 ABSTRACT: D e n s i t i e s  of Aeromonas hydroph i l a  showed d i s t i n c t  t,hermal optima 

(25-35") and thermal  maxima ( 4 5 ' ~ )  when measured a long  thermal  g r a d i e n t s  

5 c r e a t e d  by geothermal and n u c l e a r  r e a c t o r  e ' f f luents .  S u r v i v a l  of - A .  hydroph i l a  

6 never  exceeded 48 h r  a t  t empera tures  > 45OC. Thermophilic s t r a i n s  could  n o t  

7 b e  i s o l a t e d  a t  any s i te .  
. I . . 

8 E.)Hazen, T. C. 1979. The ecology of Aeromonas hydrophi la  i n  a ,South Caro l ina  

g . c o o l i n g  r e s e r v o i r .  Microb. Ecol. ( In  p r e s s ) .  

10 ABSTRACT: D e n s i t i e s  of Aeromonas hydrophi la  were determined monthly from 

.I] December 1975 t o  December 1977 i n  a  South Caro l ina  coo l ing  r e s e r v o i r  which 

12 r e c e i v e s  hea ted  e f f l u e n t  from a  s i n g l e  n u c l e a r  product ion  r e a c t o r .  ~ e l e c t ' e d  

1 3  w a t e r  q u a l i t y  parameters  and p reva lence  of  red-s'ore d i s e a s e  among largeinouth 

14 , b a s s  were monitored s imul taneous ly .  

15 Higher d e n s i t i e s  of - A . '  hydroph i l a  were observed in a r e a s  of t h e  r e s e r v o i r  

16 r e c e i v i n g  e f f l u e n t  from t h e  r e a c t o r .  D e n s i t i e s  of - A. hyd roph i l a  gene.ral ly  

17 were heterogeneous i n  t h e  .water  column. The sediments  had l o w e r ' d e n s i t i e s  of 

18 A. hydrophi la  t han  water immediately above. - A. hydrophi la  could  n o t  b e  

1.9 i s o l a t e d  from sediments  g r e a t e r  than  1 cm from t h e  water  i n t e r f a c e .  Temperature,  

2 0 .  redox p o t e n t i a l ,  pH and c o n d u c t i v i t y  were a l l  s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  

21 d e n s i t i e s  0 f .A .  - hydroph i l a  i n  t h e  water  column. The temporal  and s p a t i a l  

22 d i s t r i b u t i o n  and abundance of - A. hydroph i l a  i n  water  were n o t  r e l a t e d  t o  t o t a l  

j o r g a n i c  carbon,  d i s so lved  o r g a n i c  carbon,  p a r t i c u l a t e  o rgan ic  carbon,  i no rgan ic  

2 4  carbon o r  d i s s o l v e d  oxygen. High d e n s i t i e s  of - A. hydrophi la  were observed i n  

2 5 mats of decomposing ' 1 1 ~ r i o ~ h ~ l l u r n  spicatum and, e n t e r i c a l l y  , i n  largcmouth b a ~ s ,  

W . F . U .  



1 s e v e r a l  o t h e r  s p e c i e s  of  f i s h ,  t u r t l e s ,  a l l i g a t o r s ,  and s n a i l s .  The g r e a t e s t  

2 d e n s i t i e s  of A. hydroph i l a  i n  water  occurred  du r ing  t h e  months of March and 

'3  June  w i t h  a  second peak i n  October.  The mean monthly, d e n s i t i e s  of A. hydroph i l a  

4 were p o s i t i v e l y  c o r r e l a t e d  w i t h  t h e  inc idence  of i n f e c t i o n  I n  largemouth b a s s .  

5 Largemouth b a s s  from the rma l ly  a l t e r e d  p a r t s  of t h e  r e s e r v o i r  had a  s i g n i f i c a n t l y  

6 h ighe r  i nc idence  of i n f e c t i o n .  It is concluded t h a t  thermal  e f f l u e n t  

7 s i g n i f i c a n t l y  e f f e c t s  t h e  ecology of  - A .  hydrophi la  an3 t h e  ep i zoo t io logy  of 

8 red-sore  d i s e a s e  w i t h i n  Par  Pond. 
. . 

9 F . )  Fl iermans,  C. B. and T. C. Hazen. Submitted t o  Can. J. ~ i c r o b i o l .  

. 1 0  S e r o l o g i c a l  s p e c i f i c i t y  of Aeronionas hydroph i l a  a s  measured by immuno- 

11 f luo rescence  photometr ic  microscopy. '. 
. . 

1 2  ABSTRACT: S t r a i n . s p e c i f i c  f l u o r e s c e n t  a n t i b o d i e s  were prepared f o r  t h r e e  . .  
I 

1 3  i s o l a t e s  of Aeromonas hydrophi la .  These a n t i s e r a  were r e a c t e d  wi th  276 o t h e r  

1  4 - A. hydrophi la  i s o l a t e s  and t h e i r  immunof luo rescence  was measured q u a n t i t a t i v e l y  

15  by photometr ic  f l uo rescence  microscopy. S t a t i s t i c a l  a n a l y s e s  i n d i c a t e d  t h a t  . . 

1 6  t h e  A. hydrophi la  i s o l a t e d  from a q u a t i c  h a b i t a t s  were s e r o l o g i c a l l y  d i s t i n c t  

17  from t h e  o t h e r  i s o l a t e s  a s  a  serogroup.  

1 8  , G.) ' ~ s c h , . G .  W. and T. C. Hazen. Submitted t o  Trans.  Amer. F ish .  Soc. 

1 9  R e l a t i o n s h i p  of  body c o n d i t i o n  and v a r i o u s  hemato logica l  parameters  of  

2 0  largemouth b a s s  (Micropterus salmoides)  i n  a  South c a r o l h a  c o o l i n g  

2 1 r e s e r v o i r .  

2 2  ABSTRACT: A t o t a l  of 465 largemouth b a s s  (Micropterus salmoides)  were 

23 c o l l e c t e d  i n  Pa r  Pond, a South Caro l ina  coo l ing  r e s e r v o i r ;  b a s s  were cap tu red  

24  q u a r t e r l y ,  beginning  i n  summer 1976 and con t inu ing  through w i n t e r  1978. 

25 Hematocri t ,  hemoglobin, t o t a l  r ed  blood c e l l s  (TRBC), t o t a l  wh i t e  blood c e l l s  



1 (TWBC), c o r t i s o l  and body c o n d i t i o n  (K-factor) were measured f o r  each bas s ;  

2 t h e  presence  o r  absence of r e d - s o r e . d i s e a s e  w a s  confirmed by v i s u a l  obse rva t ion  

3 and subsequent  i s o l a t i o n . o f  t h e  c a u s a t i v e  a g e n t ,  Aeromonas hydroph i l a ,  ,on R-S 

4 medium. R e s u l t s  show t h a t  hema toc r i t ,  hemoglobin, TRBC and TWBC were 

5 s i g n i f i c a n t l y  lower i n  b a s s  w i t h  K-factors  .< 2.0,  w h i l e  c , o r t i s o l  l e v e l s  and 

6 preva lence  of red-sore  d i s e a s e  were s i g n i f i c a n t l y  h ighe r  i n  b a s s  w i t h  body 

7 c o n d i t i o n s  < 2.0. M u l t i p l e  r e g r e s s i o n  a n a l y s i s  of t h e  same d a t a  f o r  t h e  

8 e n t i r e  popu la t ion  confirmed t h a t  bas s  i n  r e l a t i v e l y  poor body copdi t ioSn (< 2.0) 
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