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ABSTRACT 

TYNDALL, R. L. 1982. Presence of pathogenic  microorganisms 
i n  power p l a n t  c o o l i n g  waters :  Repor t  f o r  October 1, 
1979, t o  September 30, 1981. ORNL/TM-5823; NUREG/CR-2980. 
Oak Ridge Nat iona l  Laboratory ,  Oak Ridge, Tennessee. 
42 PP * 

Coo l ing  waters  f rom e leven geog raph i ca l l y  d i s p a r a t e  power p l a n t s  
were t e s t e d  f o r  t h e  presence o f  Naeg le r i a  f o w l e r i  and Le i o n e l l a  + pneumophi la (LDB). Cont ro l  source waters  f o r  each p l a n t  were a  so 
t e s t e d  f o r  these  pathogens. Water f r o m  two o f  t h e  e leven  p l a n t s  
con ta ined  pathogenic  Naegler ia,  and i n f e c t i o u s  L e g i o n e l l a  were found i n  
seven of t h e  t e s t  s i t e s .  Pathogenic Naeg le r ia  were n o t  found i n  c o n t r o l  
waters, b u t  i n f e c t i o u s  L e g i o n e l l a  were found i n  f i v e  of t h e  e leven 
c o n t r o l  source water  s i t e s .  Concentrat ions o f  n i t r i t e ,  s u l f a t e ,  and 
t o t a l  o rgan ic  carbon c o r r e l a t e d  w i t h  t h e  concen t ra t i ons  o f  LDB. A new 
species o f  L e g i o n e l l a  was i s o l a t e d  f r om one o f  t h e  t e s t  s i t e s .  I n  
l a b o r a t o r y  t e s t s ,  b o t h  Acanthamoeba and Naeg le r ia  were capable of 
suppo r t i ng  t h e  growth o f  L e g i o n e l l a  pneumophila. 
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SUMMARY 

Coo l ing  waters of e leven nuc lea r  power p l a n t s  and assoc ia ted  
c o n t r o l  source waters were s t u d i e d .  f o r  t h e  presence o f  Leg ionna i res '  
Disease Bacter ium (LDB) and thermophi 1  i c  f ree-1 i v i  ng amoebae. Concen- 
t r a t i o n s  of LDB were determined m i c r o s c o p i c a l l y  by f l u o r e s c e n t  an t ibody  
ana lys is ,  and i n f e c t i o u s  LDB was demonstrated by guinea p i g  i n o c u l a t i o n .  
Presence o f  pathogenic  Naeg le r ia  was demonstrated by mouse i n o c u l a t i o n s .  

, I n  general ,  t h e  a r t i f i c i a l l y  heated waters  showed o n l y  a  s l i g h t  i nc rease  
( i .e . ,  5 1 0 - f o l d )  i n  concen t ra t i ons  of LDB r e l a t i v e  t o  source water. 

. I n  a  few cases, sou rce  waters  had h i g h e r  l e v e l s  than  heated waters. 
I n f e c t i o u s  LDB was found i n  seven of  e leven t e s t  waters and f i v e  o f  
e leven source waters.  A new spec ies of Le i o n e l l a  was i s o l a t e d  f rom + one .of t h e  t e s t  ' s i tes .  Concent ra t ions  of LD i n  source and t e s t  wa te r  

2 . -  c o r r e l a t e d  w i t h  t h e  t -oncen t ra t ion  o f  n i t r i t e ,  s u l f a t e ,  and t o t a l  o rgan ic  
carbon. Whi le a l l  b u t  one t e s t  s i t e  was p o s i t i v e  f o r  t h e r m o p h i l i c  
f r e e - l i v i n g  amoebae, o n l y  two t e s t  s i t e s  were p o s i t i v e  f o r  pathogenic  

R Naeg le r ia  f o w l e r i .  Pathogenic Naeg le r i a  were n o t  found i n  c o h t r o l  
source waters.  Labora to ry  s t u d i e s  demonstrate t h a t  bo th  Acanthamoeba 
and Naeg le r ia  species c o u l d  suppor t  t h e  growth o f  va r i ous  L e g i o n e l l a  
species.  
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CONCLUSIONS AND RECOMMENDATIONS 

As a  r e s u l t  o f  our  s tud ies  on t h e  assoc ia t i on  between thermal 
a d d i t i o n s  and t h e  presence of i n f e c t i o u s  L e q i o n e l l  a  and pathogenic  
Naegler ia ,  we conc lude t h a t :  

( 1 )  I n f e c t i o u s  LDB can be de tec ted  i n  water f rom some c o o l i n g  
tower basins,  even though t h e  concen t ra t i ons  of LDB may n o t  
be markedly  enhanced over  those  found i n  source waters.  

( 2 )  I n f e c t i o u s  LDB can be de tec ted  i n  some source waters  t h a t  a r e  
p robab ly  t h e  source o f  i n f e c t i o u s  LDB i n  many o f  t h e  c o o l i n g  
tower waters.  

( 3 )  Most c o o l i n g  tower waters  c o n t a i n  f r e e - l i v i n g  amoebae; a  few 
c o n t a i n  pathogenic Naegl e r i  a. 

( 4 )  C e r t a i n  f ree-1  i v i n g  amoebae a re  capable of suppo r t i ng  t h e  
growth o f  LDB i n  l a b o r a t o r y  t e s t s .  

Based on ou r  study, we make t h e  f o l l o w i n g  recommendations: 

( 1 )  Consider use o f  p r o t e c t i v e  dev ices f o r  p l a n t  personnel  i n  
c l o s e  con tac t  w i t h  c o o l i n g  water  shown t o  c o n t a i n  i n f e c t i o u s  
LDB o r  pathogenic amoebae. 

( 2 )  Consider managing p u b l i c  use of and/or exposure t o  c o o l i n g  
waters  known t o  c o n t a i n  i n f e c t i o u s  LDB o r  pathogenic  amoebae. 

( 3 )  Develop more r a p i d  screening assays f o r  t h e  presence o f  
i n f e c t i o u s  LDB and pathogenic  amoebae so t h a t  m o n i t o r i n g  f o r  
these  pathogens can be more e a s i l y  e f f ec ted .  

( 4 )  Commence aerosol  samplings o f  c o o l i n g  tower plumes t o  r e l a t e  
t h e  concen t ra t i on  and i n f e c t i v i t y  o f  a i r bo rne  LDB and amoebae 
w i t h  t h a t  found i n  bas in  water  so t h a t  p o s s i b l e  p u b l i c  h e a l t h  
consequences o f  t h e  c o o l i n g  tower  plumes can be assessed. 
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INTRODUCTION 

The recen t  s tudy  on t h e  presence of pathogenic  Naeg le r ia  i n  power 
p l a n t  c o o l i n g  water  sponsored by  NRC showed t h a t  a r t i f i c i a l  hea t i ng  of 
water  by  power p l a n t s  can f a c i  1  i t a t e  t h e  p ropagat ion  and/or p e r s i s t e n c e  
of these pathogens (Tynda l l  e t  a l .  1980). Pathogenic Naeg le r i a  can 
cause rap id ,  f a t a l  meningoencephal i t  i s .  Some Acanthamoebae, a1 so  
assoc ia ted w i t h  t h e r m a l l y  a l t e r e d  waters,  can be i n f e c t i o u s  f o r  man. 
Both Naeg le r ia  and Acanthamoebae a r e  f r e e - l i v i n g  amoebae capable o f  
growing i n  a  d i sso l ved  o rgan ic  media o r  feeding on gram-negat ive 
bac te r i a .  

Recent s tud ies  a l s o  i n d i c a t e  an assoc ia t i on  o f  Leg ionna i res '  
Disease Bacter ium (LDB) w i t h  c o o l i n g  systems (Tynda l l  1982, Dondero 
e t  a l .  1980). The e t i o l o g i c a l  agent o f  Leg ionna i res '  Disease i s  a  
gram-negative, weakly ox idase-pos i t i ve ,  ca ta l ase -pos i t i ve ,  rod-shaped 
t o  f i l amen tous  b a c t e r i a  (McDade e t  a l .  1977, Brenner e t  a1. 1979, 
Chandler e t  a l .  1978). D e t a i l e d  s e r o l o g i c  s tud ies  o f  c e l l  su r f ace  
ant igens (Cher ry  e t  a l .  1978), b iochemica l  s t ud ies  of guanine-cytos ine 
r a t i o s ,  and DNA homology, as we1 1  as gas-1 i q u i d  chromatographic s t u d i e s  
o f  c e l l u l a r  l i p i d s  (Moss e t  a l .  1977), a l l  i n d i c a t e  LDB i s  n o t  r e l a t e d  
t o  o t h e r  known bac te r i a .  Consequently, i t  has been c l a s s i f i e d  as a  new 
genus, Le i o n e l  la ,  and as a  new species, Leg ione l  l a  pneumophila (Brenner 
e t  a l .  + 

L e g i o n e l l a  pneumophila i s o l a t e s  a re  a n t i g e n i c a l l y  d i s t i n g u i s h e d  
i n t o  s i x  groups c a l l e d  serogroups. These have been des ignated:  se ro -  
group 1, as r.epresented by t h e  . ~ n o x v i  1  l e  i s o l a t e ;  serogroup 2  (Togus); 
serogroup 3 ( B l  oomi ngton)  ; serogroup 4 ( Los Angel es) ; serogroup 5 
(Da l l as ) ;  and serogroup 6 (Chicago) (McKinney e t  a l .  1978, England 
e t  a1 . 1980, McKinney e t  a l .  1980). I n  a d d i t i o n  t o  t h e  s i x  serogroups 
o f  - L. p n e ~ m o p h i l a  t h e r e  a re  s i x  o t h e r  known spec ies of Legionel la , - i .e . ,  
L. gormani i ,  L. micdadei,  L. longbeachae, L. dumo f f i i ,  L. bozemanii,  - - 
I.. j n r d a n i s  (BTenner e t  a l .  1980, Herber t  eT a l .  1980, a r r i s  e t  a l .  - 
1980, and McKinney e t  a l .  1980, McKinney e t  a l .  1981, Cherry  e t  a1 . 
1982). O f  t h e  s i x  L. pneumophi la serotypes and t h e  s i x  o t h e r  spec ies 
o f  Leg ione l la ,  a l l - b u t  one were i s o l a t e d  from c l i n i c a l  samples. 
L. j o r d a n i s  was i s o l a t e d  f rom environmental  samples (Cher ry  e t  a l .  - 
1 9 8 m p i  t e  o f  t h e  p robab le  env i ronmenta l  source of most Legionel  1  a  
i n f e c t i o n s ,  r e1a t i ve l . y  few s t u d i e s  have cha rac te r i zed  t h e  d i s t r i b u t i o n  
o f  i n f e c t i o u s  ~ e ~ i o n e i l  s i n  ~ n v i r n n m ~ n t . a l  samples. 

S t ~ ~ d i e s  n f  t h e  source o f  i n f e c t  i o n  o f  some Leg ionna i res  ' d isease 
outbreaks a t  t imes  i m p l i c a t e d  c o o l i n g  towers assoc ia ted  w i t h  a i r  cond i -  
t i o n i n g  systems as t h e  d i s p e r s a l  v e h i c l e .  Known outbreaks occur red  i n  
h o s p i t a l s ,  h o t e l s ,  a  u n i v e r s i t y  s tuden t  center ,  and t h e  New York garment 
d i s t r i c t .  I t  thus  appears t h a t  c l osed -cyc le  c o o l i n g  systems may p r o v i d e  
op t ima l  h a b i t a t s  f o r  p ropagat ion  of n o t  o n l y  pathogenic  amoeba b u t  LDB 
as w e l l .  The l a r g e s t  c o o l i n g  tower systems, i .e., those of e l e c t r i c a l  
genera t ing  s t a t i o n s ,  had n o t  been p r e v i o u s l y  examined as a  source o f  
LDB. A  d e t a i l e d  s tudy  o f  c o o l i n g  towers was t hus  warranted t o  determine 
t h e  p o t e n t i a l  r i s k  and t h e  f e a t u r e s  o f  c o o l i n g  towers t h a t  may 



c o n t r i b u t e  t o  t h e  qrowth o f  t h e  b a c t e r i a l  pathosen. I n  add i t ion ,  t h e  
i n t e r a c t i o n  o f  ~ e g f o n e l  1 a w i t h  Naeg ler ia  and ~canthamoebae was s G d i e d  
s ince  these microbes share the  same h a b i t a t  and t h e  amoebae feed on 
gram-negat i v e  rods. By b e t t e r  understanding fac to rs  ' a f f e c t i n g  the  
presence of LDB,.we can dev ise  methods f o r  c o n t r o l l i n g  t h e  bacterium. 

MATERIALS AND METHODS 

Test s i t e s  chosen f o r  t he  s tudy  were nuclear  power p l a n t s  w i t h  
e i t h e r  mechanical- o r  n a t u r a l - d r a f t  c o o l i n g  towers. P lan ts  tes ted  
i nc luded  s i t e s  A, B, C, D, and E which have n a t u r a l - d r a f t  towers and 
s i t e s  F, G, H, I, J, and K which are cooled w i t h  mechanical -draf t  
towers. While a l l  t h e  s i t e s  were analyzed p r i m a r i l y  f o r  LDB, many 
s i t e s  were a l s o  t e s t e d  f o r  t h e  presence of pathogenic Naegler ia.  .--- 
Nearby source waters r e c e i v i n g  s o l a r  thermal add i t i ons  o n l y  were a1 so 
t e s t e d  f o r  the  presence o f  LDB and amoebae. Due t o  the  p r o p r i e t a r y  
n a t u r e  o f  the  r e s u l t s  i n  t h i s  repo r t ,  t he  s i t e s  a re  coded and incom- 
p l e t e l y  described. 

LDB Ana lys is  

Towers were sampled i n  cooperat i o n  w i t h  the  environmental c o n t r o l  
s p e c i a l i s t  a t  each f a c i l i t y .  A t  bo th  t e s t  and c o n t r o l  s i t e s ,  3.8-L 
(1 -ga l )  samples were taken i n  c lean conta iners  from tower bas in  water 
w i t h o u t  s t i r r i n g  t h e  under l y ing  bottom sediment. The ambient source 
water  samples were c o l l e c t e d  upstream f rom p l a n t  in takes  and were n o t  
in f luenced by p l a n t  discharge. A f te r  c o l l e c t i o n ,  t h e  water was brought 
t o  t h e  l a b o r a t o r y  f o r  analys is .  

Water was cen t r i f uged  ( S o r v a l l  SS3) a t  7000 2 ' s  f o r  30 min a t  room 
temperature t o  concentrate suspended microorganisms. A l i quo ts  of t h e  
c e n t r i f u g a t e s  were examined by the  d i r e c t  f l uo rescen t  ant ibody t e s t  
(DFA) us ing  a n t i s e r a  s p e c i f i c  f o r  LDB. The degree o f  f luorescence was 
est imated s u b j e c t i v e l y  f rom 1+ t o  4+, w i t h  4+ denot ing'  t he  b r i g h t e s t  
f luorescence. Subsamples (0.010-mL) were p i  pe t ted  i n t o  predesignated 
7-mm-diam w e l l s  on toxoplasmosis s l i d e s  (Cel-Line Associates, Minotola, 
N.J.). Smears were a i r  d r ied ,  heat  f i x e d ,  and s ta ined w i t h  s p e c i f i c  
f l u o r e s c e n t  an t ibod ies  f o r  seroqrouDs 1, 2, 3, and 4; i .e., Knoxv i l le ,  
Togus, Bloomington, and Los ~ i ~ e l e s  o f  L. p-neumophila.  he i n i t i a l  
ana l ys i s  used po l yva len t  a n t i s e r a  c o n t a i i i n g  a n t i  bodies against  t h e  
t o u r  major serogroups o f  L. pneumophila. Negative c o n t r o l s  were 
f luorescein-conjugated sera prepared f rom t h e  preimmunization sera of 
r a b b i t s  l a t e r  immunized w i t h  t h e  K n o x v i l l e  s t r a i n  (serogroup 1 )  of 
L. pneumophila. Test and c o n t r o l  a n t i s e r a  were supp l ied  by t h e  Center - 
f o r  Disease Cont ro l  (A t1  anta, Georgia). Samples were viewed b y  
e p i f  1 uorescence microscopy. The number of f l uorescing c e l l  s  w i t h  
morphological  c h a r a c t e r i s t i c s  of - L. pneumophila was counted i n  30 t o  
60 f i e l d s  a t  l O O O X  magn i f i ca t ion ,  and t h e  c e l l  count normal ized t o  t h e  
number per  l i t e r  o f  unconcentrated sample. The degree o f  v a r i a t i o n  i n  
de termin ing  concentrat ions o f  LDB by t h i s  method was t e s t e d  by count ing ' 



t r i p l i c a t e  samples taken  a t  36 separate l o c a t i o n s .  The r e s u l t s  showed 
a c o e f f i c i e n t  of v a r i a t i o n  (P > 0.98) of 30 t o  59% (Solomon e t  al . ,  
unpub3 ished r e s u l t s ) .  

Two m i l l i l i t e r s  of 400X concen t ra t i ons  of t h e  1981 samples were 
i n j e c t e d  i n t r a p e r i t o n e a l  l y  ( I P )  i n t o  uncompromi sed American breed 
guinea p igs .  The guinea p i g s  were observed d a i l y  f o r  a  r i s e  i n  temper- 
a t u r e  and f o r  evidence of o v e r t  i l l n e s s .  When t h e  animals became ill 
o r  moribund, t hey  were s a c r i f i c e d  and necropsied. P e r i t o n e a l  f l u i d s  
and spleen and l i v e r  t i s s u e s  were p l a t e d  on charcoal  yeas t  e x t r a c t  (CYE) 
agar (Feeley e t  a l .  1978) w i t h  o r  w i t h o u t  t h e  a d d i t i o n  o f  brom c reoso l  
p u r p l e  and brom thymol b l u e  ( V i c k e r s  e t  a l .  1981). Tissues were a l s o  
p l a t e d  on yeas t  e x t r a c t  (YE) agar, b r a i n  h e a r t  i n f u s i o n  (BHI) agar, and 
b lood  agar p l a t e s .  F resh l y  c u t  sur faces of t h e  l i v e r  and sp leen and 
smears f r om swabs of t h e  p e r i t o n e a l  w a l l  o r  v i s c e r a  were a l s o  imp r i n ted  
on to  microscope s l i d e s  and examined by  DFA s t a i n i n g  w i t h  conjugates f o r  
serogroups 1, 2, 3, and 4 o f  - L. pneumophila. 

MICROBIAL AND CHEMICAL ANALYSIS 

Samples c o n s i s t i n g  of 100 t o  400 mL of water were f i l t e r e d  through 
1.2-pm c e l l u l o s e  membranes. These f i l t e r s  were i n v e r t e d  and p laced  
on to  n o n n u t r i e n t  agar p l a t e s  seeded w i t h  a  lawn o f  l i v e  Esche r i ch ia  
c o l i .  The p l a t e s  were incubated a t  45OC . f o r  analyses o f  amoebic 
growth. Other water  samples were f i l t e r e d  th rough 0.45-pm membrane 
f i l t e r s  kep t  c h i l l e d  f o r  chemical  analyses by  t h e  A n a l y t i c a l  Chemistry 
D i v i s i o n  a t  Oak Ridge Na t i ona l  Laboratory .  Water samples were a l s o  
analyzed f o r  number o f  t o t a l  aerob ic  b a c t e r i a  us ing  an Or i on  Di 'agnost ica 
Easicul t -TTC t e s t  k i t .  

The agar p l a t e s  were incuba ted  f o r  3  t o  7  d  o r  u n t i l  growth o f  
amoebae was observed. Amoebae t h a t  grew, o u t  a t  45OC were t e s t e d  f o r  
t h e i r  a b i l i t y  t o  f l a g e l l a t e .  A l l  ,amoebae- f lagel la tes were t e s t e d  f o r  
p a t h o g e n i c i t y  by  i n t r a n a s a l  i n o c u l a t i o n  i n t o  weanl ing I C R  mice. 
Moribund mice were s a c r i f i e d  and t h e  b r a i n  t i s s u e  was p l a t e d  on 
c o l  i form-seeded agar p l a t e s .  Pieces o f  b r a i n  were a l s o  i n o c u l a t e d  
d i r e c t l y  i n t o  axenic  medium f o r  growth of amoebae. 

The c h i l l e d ,  f i l t e r e d  water  was analyzed f o r  l e v e l s  of n i t r i t e s ,  
n i t r a t e s ,  s u l f a t e s ,  phosphorus, c h l o r i n e ,  and t o t a l  o rgan i c  carbon. 
To ta l  aerob ic  b a c t e r i a  pe r  m i l l i l i t e r  of t e s t  water  were determined b y  
cu lvr iy  cuur11;s o f  ,the Lest  p l a t e s .  

AMOEBAE AND LDB INTERACTION 

A Los Angeles serotype o f  LDB o r i g i n a l l y  i s o l a t e d  f r om a c o o l i n g  
pond a t  t h e  Savannah R i v e r  Labora to ry  was ob ta ined  th rough t h e  cou r tesy  
o f  Dr. Ca r l  F l iermans (Savannah R i v e r  Laboratory ,  Aiken, South 
Ca ro l i na )  . A Knoxvi 1  l e  sero type  of LDB was i s o l a t e d  f r om c o o l i n g  tower  
water  (unpubl i shed  r e s u l t s ) .  An i s o l a t e  o f  Naeg le r i a  l o v a n i e n s i s  



(Stevens e t  a l .  1980) was a l so  obta ined from the rma l l y  a l t e r e d  waters 
a t  t h e  Savannah R ive r  Laboratory s i t e ,  as was ~canthamoeba' s t r a i n  5334. 
Acanthamoeba royreba was i s o l a t e d  f rom c u l t u r e d  human choriocarcinoma 
c e l l s  (Tynda l l  e t  a l .  1979, W i l l a e r t  e t  a l .  1978). 

The LDB was mainta ined by passage i n  yeast  e x t r a c t  media (Feeley 
e t  a l .  1978). Nae l e r i a  a n d  Acanthamoeba were maintained by passage i n  
c a s i  tone-based media -7- W i  11 a e r t  1971 ) w i t h  o r  w i thout  NaCl (CGV and CGVS, 
r e s p e c t i v e l y )  and w i t h  5% f e t a l  c a i f  sera, p e n i c i  11 i n ,  and streptomycin 
(50  u n i t s  and 50 mg m ~ - l ,  r e s p e c t i v e l y ) .  When amoebae were c o c u l t i -  
vated w i t h  LDB, t h e  a n t i b i o t i c s  were omi t ted  f rom t h e  cas i tone media. 
Cu l tu res  of e i t h e r  A. royreba o r  N. l ovan iens i s  con ta in ing  approximately 
3 x  106 c e l l s  i n  75-cm2 t i s s u e - c u l t u r e  b o t t l e s  were inocu la ted  w i t h  
1  x l o6  c e l l s  o f  e i t h e r  K n o x v i l l e  o r  Los Angeles serotype o f  LDB. 
Some c u l t u r e s  were mainta ined by change o f  media every 5  d  (4.5 mL o f  
f r e s h  media + 0.5 mL o f  o r i g i n a l  media). Other c u l t u r e s  were harvested 
5  and 24 h  a f t e r  LDB exposure. The c e l l s  were suspended i n  t h e  5.0 mL 
o f  c u l t u r e  f l u i d ,  f r ozen  a t  -70°C, thawed, and t i t r a t e d  i n  yeast  e x t r a c t  
b r o t h  t o  determine concent ra t ions  of v i a b l e  LDB. I n  some cases non- 
n u t r i e n t  agar p l a t e s  were spread w i t h  a  lawn o f  e i t h e r  - E. - c o l i  o r  LDB 
and used as a  food source f o r  var ious  amoebae. Equ iva len t  K l e t t  u n i t s  
o f  LDB and - -  E. c o l i  were used, and t h e  centers o f  t h e  t e s t  agar p l a t e s  
were i nocu la ted  w i t h  approximately 1  x  l o 5  amoebae. 

Amoebic, and i n  some cases LDB, pa thogen ic i ty  was t e s t e d  by 
i n t r a n a s a l  i n o c u l a t i o n  of 5- t o  6-week-old I C R  mice. Mouse temperatures 
were monitored d a i l y  w i t h  a  r e c t a l  thermometer. The mice were inocu la ted  
w i t h  approximate ly  1  x  lo6 amoebae and/or 1  x  l o 6  LDB. On necropsy, 
l ung  and b r a i n  t i s s u e s  were removed, examined, and p laced on E. c o l  i- 
seeded, nonnu t r i en t  agar p l a t e s  t o  determine t h e  presence o f  v i a b l e  
amoebae. Pathogen ic i ty  o f  LDB was a l s o  tes ted  by i n t r a p e r i t o n e  1  
i n o c u l a t i o n  o f  male American breed guinea p igs  w i t h  109 and 10 f 0  
b a c t e r i  a. Rectal  temperatures were monitored da i  1  y. When necropsied, 
t i s s u e s  o f  i n f e c t e d  guinea p i g s  were p l a t e d  on CYE agar o r  p laced i n  YE 
b r o t h  f o r  i s o l a t i o n  o f  v i a b l e  LDB. Tissue i m p r i n t s  were made on g lass  
s l i des ,  al lowed t o  a i r  dry, and then heat f i xed .  

The amoeba/LDB prepara t ions  were heat f i x e d  on g lass s l ides ,  
s ta ined  w i t h  5% Giemsa f o r  20 min, washed i n  phosphate-buffered s a l i n e  
( PBS) , and countersta ined w i t h  f 1  uoroscei n-1 abeled, anti-LDB ant  isera.  
The prepara t ions  were then viewed m ic roscop ica l l y  w i t h  t ransmi t ted  and 
ep i f l uo rescen t  b r i g h t - f i e l d  i l l u m i n a t i o n .  Tissue i m p r i n t s  were 
s i m i l a r l y  t r e a t e d  w i t h  f luorosce in- labe led ,  anti-LDB ant isera .  

RESULTS 

Considering t h e  concent ra t ing  a c t i o n  o f  coo l i ng  towers, t h e  
m a j o r i t y  of towers t e s t e d  i n  summer 1980 showed no marked e leva t i on  of 
LDB concent ra t ions  r e l a t i v e  t o  t h e i r  source water. S i t e s  A, C, D, H, 
J, and K showed o n l y  a  t h r e e t o  t e n f o l d  increase o f  LDB r e l a t i v e  t o  
source water (Table 1) .  Whi le t h e  tower water a t  s i t e  F showed a  



Table 1. Combined concen t ra t i ona  of t h e  f o u r  major  serogroups of  
L. pneumoph i l l a  i n  c o o l i n g  tower water  and ambient - 
c o n t r o l  source waters  

S i t e  Summer 1980 Spr inglsumrner 198.1 F a l l  1981 

aLDB/l i t e r  o f  water.  

b i t e  o f  i s o l a t i o n  o f  new spec ies o f  L e g i o n e l l a  ( i .e., L e g i o n e l l a  
oakr idgens is )  . 

CNT = n o t  t es ted .  

d ~ a m p l e  c o l l e c t e d  and t e s t e d  i n  January 1982. 



somewhat g r e a t e r  i nc rease  (2100- fo l  d )  , never the less,  t h e  LDB 1 eve1 s  
were below t h e  ,lo8 LDB/L concen t ra t i ons  i n  towers i m p l i c a t e d  i n  
some Leg ionna i res  ' Disease outbreaks. The source water  f o r  t e s t  s i t e s  
B, E, G, and I had concen t ra t i ons  of LDB s i m i l a r  t o  o r  s l i g h t l y  h i g h e r  
t h a n  those  found i n  t h e  c o o l i n g  tower  water. 

The concen t ra t i ons  of t h e  f o u r  major  serogroups o f  L. pneumophi la 
f o u n d  a t  t h e  same s i t e s  i n  1981 were s i m i l a r  t o  those  Tound  i n  1980 
(Tab le  1 ) .  S i t e s  A, B, D, E, and J had concen t ra t i ons  o n l y .  two t o  
t h i r t y  t imes  t h a t  o f  source water.  Other.  t e s t  s i t e s  had l e v e l s  o f  
L. pneumophi la s i m i l a r  t o  o r  s l i g h t l y  lower than  source water.  - 

I n  s p i t e  of r e l a t i v e l y  low concen t ra t i ons  o f  t h e  f o u r  ma jo r  sero- 
groups o f  L. pneumophila, however, t h e  m a j o r i t y  o f  t e s t  s i t e s  -and some 
ambient source wate rs  werc p o s i t i v e  f o r  t h e  presence of i n f e c t i o u s  LDB 
as i n d i c a t e d  b y  guinea p i g  i n o c u l a t i o n s .  I n f e c t i o u s  LDB was demonstrated 
i n  t h e  c o o l i n g  tower  water  o f  seven o f  e leven  t e s t  s i t e s  (Tables 2 and 
3 ) .  However, o n l y  two o f  t h e  seven p o s i t i v e  s i t e s  y i e l d e d  in fecL. ibus 
LDB f rom bo th  summer and f a l l  samples. Water concen t ra tes  f r om f i v e  of 
e l even  c o n t r o l  ambient sources were a l s o  p o s i t i v e  f o r  i n f e c t i o u s  LDB 
and p robab l y  accounted f o r  t h e  presence o f  i n f e c t i o u s  LDB i n  many o f  
t h e  c o o l i n g  tower  samples p o s i t i v e  f o r  i n f e c t i o u s  LDB (Tab les  2 and 
3 ) .  I n f e c t i v i t y  d i d  n o t  obv ious l y  r e l a t e  w i t h  t h e  number o f  LDB 
i nocu la ted .  

.Two separa te  samples of c o o l i n g  tower water  concen t ra tes  from 
s i t e  G a l s o  y i e l d e d  L e g i o n e l l a - l i k e  i s o l a t e s  n o t  t ypeab le  w i t h  known 
LDB a n t i s e r a .  A gu inea  p i g  i n o c u l a t e d  w i t h  one o f  t h e  samples showed a 
tempera tu re  r i s e  o f  1.4OC and was s a c r i f i c e d  t h e  f o u r t h  day a f t e r  
i n j e c t i o n .  Only  untypeable Leg ione l  1  a-1 i k e  b a c t e r i a  were i s o l a t e d  f r om 
sp leen  t i s s u e s  p l a t e d  on CYE agar. The guinea p i g  i n o c u l a t e d  w i t h  t h e  
second sample showed a temperature r i s e  o t  0.8OC and was s a c r i f i c e d  on 
t h e  f i t t h  day a f t e r  i n j e c t i o n .  L e q i o n e l l a - l i k e  b a c t e r i a ,  untypeable 
w i t h  a n t i s e r a  made aga ins t  known Le i o n e l l a  species,  were i s o l a t e d  f r om + b o t h  spleen and l i v e r  t i s s u e s  p l a t e d  on C Y  agar. 

None of t h e  f i v e  i s o l a t e s  [denoted Oak Ridge (OR) i s o l a t e s ]  cou ld  
be grown on b lood  o r  BHI agar. Growth on YE agar was v a r i a b l e .  The 
i s o l a t e s  grew on YE agar, p roduc ing  t h e  t y p i c a l  brown pigment. I n  
genera l ,  a l l  t h e  i s o l a t e s  grew p o o r l y  on CYE agar p l a t e s .  The c o l o n i e s  
were s low t o  appear ( 1 3  d ) ,  and co lony  s i z e  d i d  n o t  g r e a t l y ,  i nc rease  
w i t h  t ime.  The i s o l a t e s  grew more p r o f u s e l y  on CYE s l a n t s  r e l a t i v e  t o  
p l a t e s ,  sugges t ing  a l i m i t e d  a i r  supp ly  i s  p re fe rab le .  P h i s  was a l s u  
i n d i c a t e d  by t h e  p r o p e n s i t y  of some i s o l a t e s  f o r  growth a t  t h e  bot tom 
of Y E  b r o t h  tubes. Growth of a1 1 t h e  i s o l a t e s  on CYE agar c o n t a i n i n g  
brom c r e s o l  p u r p l e  and brom thymol b l u e  produced a green co lony  as 
opposed t o  t h e  b l u i s h  green c o l o r  o f  C. pneumophila. 

The gram s t a i n i n g  c h a r a c t e r i s t i c s  o f  t h e  i s 0 1  a tes  were s i m i l a r  t o  
t hose  seen w i t h  o t h e r  spec ies o f  Leg ione l l a .  Weakly gram-negative r o d s  
o f  v a r y i n g  l eng ths  were apparent on mic roscop ic  examinat ion of a l l  t h e  
i s o l a t e s .  A n t i  se ra  (ob ta i ned  th rough t h e  cou r tesy  o f '  t h e  reagent  



Table 2. Presence of i n f e c t i o u s  LDB i n  c o o l i n g  tower waters  and 
ambient c o n t r o l  source waters  sampled i n  springlsummer 1981 

No. I n f e c t i o u s  f o r  Serotype 
S i t e  LDB i n j e c t e d  gu inea p i g s  i s o l a t e d  

Knox . 
Bloom. 

Pos 
Po s 

Pos 
Po s 

Chic., Knox. 
Chic. 

Neg 
Neg * 

Pos 
Toxc 

Chic., LA 
Knox., LA 

Pos 
Pos 

aNA = n o t  app l i cab le .  

b ~ n o x .  = K n o x v i l l e ,  Bloom. = Bloomington, Chic. = Chicago, and 
LA = Los Angeles. 

cTox = Animals d i e d  w i t h i n  24 h f r om t o x i c i t y  o f  inoculum. 



Table 3. Presence o f  i n f e c t i o u s  LDB i n  water  concentrates f r om c o o l i n g  
towers and ambient c o n t r o l  source waters  sampled i n  f a l l  1981 

Concent ra t ion  o f  I n f e c t i o u s  f o r  Serotype 
S i t e  LDB i n j e c t e d  gu inea p i g s  i s o l a t e d  

Chic,, Kn0x.a 
N ~b  

Po s  
N eg 

Pos 
Po s 

Knox .. 
Icnox. 

Pos 
Pos 

OR, LA 
LA 

Pos 
Nea 

Knox., LA 
NA . 

Knox. 
NA . 

aChic. = Chicago, Knox. = K n o x v i l l e ,  OK = - L. oakr idgens ls ,  and 
LA = Los Angeles. 

~ N A  = n o t  app l i cab le .  

W o n t .  = contaminated, i.e., animals showed temperature r i s e  and s igns  
o f  d i s t r e s s  b y  day two a f t e r  i n o c u l a t i o n ,  and on s a c r i f i c e  t h e  agar 
p l a t e s  were overgrown w i t h  b a c t e r i a  o t h e r  than  LDB. 

d ~ a m p l e s  co l lec . ted  and t e s t e d  i n  January 1982. 



branch, CDC) s p e c i f i c  f o r  t h e  s i x  serotypes of L. pneumophila and t h e  
s i x  o ther  known Leg ione l l a  species d i d  n o t  react-wi th t h e  OR i so la tes .  
Conversely, a n t i s e r a  prepared aga ins t  an OR i s o l a t e  (ob ta ined through 
t h e  cour tesy o f  D r .  W. Cherry, CDC) reacted maximal ly w i t h  a l l  OR 
i s o l a t e s  (Table 4).  Analys is  o f  heated and ambient source water concen- 
t r a t e s  f rom t h e  var ious  o ther  l o c a t i o n s  showed a  wide d i s t r i b u t i o n  and 
concent ra t ion  o f  t h e  Oak Ridge species o f  Legionel 1  a  (L. oakr idgensi  s )  
(Table 5),  n o t  un l  ik.e t h a t  of t h e  f o u r  major serotypes of - L. pneumophila 
combined (Table 1).  

While a l l  o f  t h e  s i t e s  tested,  except s i t e  H, were p o s i t i v e  f o r  
t h e  presence o f  thermoph i l i c  amoeba, o n l y  s i t e  D was p o s i t i v e  f o r  
pathogenic Naegl e r i  a  (Table 6) .  The Naegl e r i a  i s01  ates were pathogenic 
f o r  mice, w i t h  a l l  inocu la ted  animals succumbing w i t h i n  7 d  a f t e r  
i n t ranasa l  i nocu la t i on .  The amoebae were r e a d i l y  r e i s o l a t e d  from 
in fec ted  b r a i n  t i ssues .  The pathogen had a1 so been i s o l a t e d  prev ious1 y  
f rom s i t e  G. Pathogenic Naegler ia  were n o t  detected i n  e i t h e r  source 
o r  c o o l i n g  water from t h e  o ther  s i t e s  tes ted  (Tables 6  and 7) .  
Thermophil i c  amoebae, o ther  than pathogenic Nae l e r i a ,  were abundant i n  
most o ther  s i t e s  except i n  t h e  water f rom s i t e  ' h e  6) .  

The chemical c h a r a c t e r i s t i c s  of both heated and ambient source 
waters were analyzed s t a t i s t i c a l l y  r e l a t i v e  t o  t h e  concent ra t ions  of 
LDB (Tables 8 and 9 ) .  The SAS (Helwig and Council 1979) procedure 
"Proc Stepwise" was used t o  per form a  stepwise regress ion  ana lys is .  
The r e s u l t s  o f  t h e  forward, backward, and stepwise v a r i a b l e  s e l e c t i o n  
methods were compared f o r  consis tency o f  v a r i a b l e  se lec t i on .  The 
1  ogari thm o f  LDB popu la t ion  dens i t y  was t h e  dependent ( regressor )  
var iab le ,  and t h e  independent ( p r e d i c t o r )  va r i ab les  avai  lab1 e  f o r  
s e l e c t i o n  by  t h e  procedure inc luded saniple temperature, pH, conduc- 
t i v i t y ,  n i t r a t e ,  n i t r i t e ,  phosphate, su l f a te ,  ch lo r i de ,  and t o t a l  
organic carbon. The r e s u l t s  of t he  ana lys is  are g iven i n  Table 10: 
The concentrat ions o f  n i t r i t e ,  s u l f a t e ,  and t o t a l  o rgan ic  carbon 
expla ined t h e  presence o f  55% o f  t h e  variance o f  LDB popu la t ion  
d e n s i t i e s  (P < 0.01). 

The abundance of f r e e - l i v i n g  amoebae, o the r  t h a n '  pathogenic 
Naegleria, i n  most coo l i ng  waters may be o f  s ign i f i cance,  cons ider ing  
t h e  a b i l i t y  o f  some such amoebae t o  i n t e r a c t  w i t h  LDB e i t h e r  destruc-  
t i v e l y  o r  suppor t i ve ly .  When approximately 1.0 x  105 c e l l s  of 
Naegler ia  lovan iens is  o r  Acanthamoeba royreba were placed i n  t h e  center  
of nonnut r ien t  agar p l a t e s  spread wit-wn o f  E. - c o l i  o r  LDB, t h e  
outarowth o f  amoebae f rom t h e  o r i a i n a l  ~ o i n t  of aDDTication showed t h a t  u 

amoGba growth- and m ig ra t i on  occurred i;l both  cask's bu t  was d imin ished 
by  day 3 and 4 an t h e  lawn o f  LDB (Table 11). The Acanthamoeba migrated 
more s low ly  than Naegler ia  on both t h e  LDB- and E. col i -seeded p la tes .  

When LDB was mixed w i t h  e i t h e r  Naegler ia  o r  Acanthamoeba i n  CGVS 
o r  CGV, r espec t i ve l y ,  t he re  was an i n i t i a l  decrease i n  recoverable, 
v i a b l e  CDB  able 12); However, some, bu t  no t  a l l ,  c u l t u r e s  of amoebae 
t h a t  were fed LDB and he ld , fo r  several  weeks were found t o  be h e a v i l y  
inundated by  LDB. Microscopic examination o f  LUtiIamoeba mix tures  us ing  



Table 4. C h a r a c t e r i s t i c s  of Oak Ridge i s o l a t e s  o f  L e g i o n e l l a  

C h a r a c t e r i s t i c s  

I s01  ates 

OR4 OR6 OR23 OR24 OR30 

Growth on: 

C Y E 

BH I 

Blood agar 

Gram s ta i r !  

C a t a l  ase b 

React ion  w i t h  

conjugates a g a i n s t  

L. pneumophi l a  (1 -6 )  - 

L. bozemanii - . A .  

L .  gormanll - 

L. micdadei - 
L. d u m o f f l l  - 

aGr.- = gram-negative r o d s  w i t h  morphology sugges t i ve  o f  
Leg ione l l a .  

b ~ h e  presence o f  t h e  enzyme ca ta l ase  was de tec ted  by  r e a c t i n g  
b a c t e r i a l  suspensions w i t h  hydrogen perox ide.  



Table 5. D i s t r i b u t i o n  and concen t ra t i on  of  L. pneumophi la and t h e  
Oak R i d g e . s t r a i n  o f  L e g i o n e l l a  i n  T t i f i c i a l l y  heated and 
c o n t r o l  source watersa 

Approximate L e g i o n e l l a  concen t ra t i ons  per  l i t e r  of water  

L . -pneumoph i 1  ab - - L. - OR 

S i t e  Heated Unheated Heated Unheated 

aSamples c o l l e c t e d  i n  s p r i n g  and summer of 1981. 

CS i t e  o f  i s o l a t i o n  o f  - L. oakr idgensis .  



Table  6. Presence of thermophi l ic  Naegler ia  i n  cool ing  tower water  

Amoebic 
Sample outgrowth 

S i t e  type /vo l .  a t  4 5 O C  Morphology F l a g e l l a  Pathogenic i ty  

Scdimcnt 

Sediment 

Sediment 

Sediment 

Sediment. 

Sediment 

aNN = n o t  Naegler ia .  

~ N T  - n o t  tc:tcd. 

CNA = not  appl icab le .  

~ N P  = nonpathogenic Naegler ia .  

eP = i n d i c a t i v e  o f  pathogenic Naegler ia .  



Table 7. Presence of t h e r m o p h i l i c  N a e g l e r i a  i n  c o o l i n g  tower  source 
wate r  

Amoebic 
Sample ou tg rowth  

S i t e  t y p e l v o l .  a t  45OC Morphology F l a g e l l a  P a t h o g e n i c i t y  

I H20-100 mL - N A N A N A  

J H20-250 mL - N A  N A  N A  

J Grass - N A  N A  N A  

J Grass - N A N  A  N A 

J Grass - N A  N A  N A  

J Sediment - N A  N A  N A  

J Sediment - N A  N A  N A  

K H20-400 mL - N A  N A  N A  

K H20-400 mL - N A  N A  N A  

- . . . . - -. 

aNN = n o t  Naeg le r ia .  

~ N T  = n o t  t e s t e d .  

CNA = n o t  a p p l i c a b l e .  

~ N P  = i n d i c a t . i v e  o f  nonpathogenic N a e g l e r i  a. 



Table 8. Water quality characteristics of power plant aid source waters, summer 1980 

- .  

Chemicals hg/mL) IU w 
.Temp. Conductivity Total bacteria 

Site ("c) P H ( PS NO:-N, N02-N P SO4 C1, TOCa (No./mL) , 

aTotal organic carbon. 



Table 9. Water quality characteristics of power plant and source waters, spring/summer of 1981 

Site 

aTotal organic carbon. 

bsampl ed January 1982. 



Table 10. Resu l ts  o f  s tepwise reg ress ion  ana lys isa  f o r  t h e  dependent 
v a r i a b l e  l o g l o  (LDB c e l l  d e n s i t y )  

Percent o f  
Vdl' 1 dflCt! 

Step ex l a i n e d  Mal low's  
number (RF x  100) cpb Var iab les  C o e f f i c i e n t  Prob > FC 

1  24.5 19.1 To ta l  organic  0.086 . 0.0il3 
carbon 

2  38.1 12.3 To ta l  organic  0.082 0.002 
carbon 

N i t r i t e  8.22 0.014 

3 54-6 3 . 6  T o t a l  organic  .0,061 0.01 1  
carhon 

N i t r i t e  9.71 0.002 
SulmFdte 0 , 002 0.003 

aThe "stepwise' '  v a r i a b l e  s e l e c t i o n  method was used i n  t h i s  case. 
. 

b ~ a l l o w ' s  Cp prov ides  an est imate o f  t h e  e f f i c i e n c y  o f  t h e  model. 
The "per fec t "  model should have t h e  va lue o f  t h e  Cp s t a t i s t i c  equal t o  
t h e  number of v a r i a b l e s  used p l u s  one. 

CThe p r o b a b i l i t y  o f  f i n d i n g  t h i s  r e s u l t  by chance. 



Table 11. Re1 a t i v e  ab i  1  i t y  o f  E. and Legionel  l a  pneurnophil a  
(Los Angeles serotyp?) t o  suppor t  t h e  m i g r a t i o n  o f  Naeg le r i a  
l o v a n i e n s i  s  and Acanthamoeba roy reba  

' Mean r a d i u s  Mean i nc rease  
Amoeba Bacter ium Daya o f  outgrowthb i n  r a d i u s b  

E. c o l i  N. l o v a n i e n s i s  - - - 0 7.8 2 0.9 

1  12.4 + 0.6 

2 19.3 + 1.0 

3 32.0 + 0.8 

Leg ione l  1  a  0 8.3 + 2.1 

pneumoph i 1 a  1  12.4 + 1.2 

2  17.7 + 1.6 

3 24.1 .+ 0.9 

A. r oy reba  - - -  E. c o l i  0 8.3 + 1.1 N 

1  11.6 + 0.4 3.3 + 0.5 

Legionel  1  a  0 

pneurnoph i 1 a  1  

2  

3 

4 

aDays a f t e r  p l a t i n g .  

b1n mi 1  l ime te r s ,  mean o f  t h r e e  exper iments  + s tandard  e r r o r  

CNA = n o t  app l i cab l e .  



Table 12. Destruct ion and/or grodth o f  Leg ione l la  pneumopiila i n  axenized c u l t u r e s  o f  Naegler ia  lovaniens is  and 
Acanthamoeba royreba 

Time ( i n  days) between D i l u t i o n  o f  Serotype o f  LDB 
exposure o f  LDB t o  ameeba LOB inoculum Approximate no. of as determined by 

Test c u l t u r e s a  and t - i t r a t i o n  o f  LO6 r e l a t i v e  t o  media change v i a b l e  L O B / ~ L ~  f luo rescen t  ant ibody 

A. royreba + LDB (L.2) - 

LDB (LA) 

N. lovaniens is  + LDE: (LA) - 

LDB (LA) 

N. lovaniens is  + LO6 (Rnox - 

N T ~  

N T 

LA 

N A 

N A 

N T 
NT 

LA 

N A 

N A 

Knox. 

N A 

N A 

Knox . 

aAmoeb3-LDB c u l t u r e d  i n  C6V o r  CGVS media; media replaced every 5 d  w i t h  YE broth;  LA = Los Angeles serotype of LDB; 
Knox. = K n o x v i l l e  serotype o f  LCB. 

 AS determined by ~ n d p o i n t  t i t r a t i o n  i n  YE b r o t h  and/or CiE p l a t e s  unless otherwise ind icated.  Cultures were f rozen a t  
-70°C and thawed tw ice  p r i o r  t o  t i t r a t i o n .  When t i t r a t e d  i n  CGVS, t h e  LOB d i d  n o t  grow. 

CNA = Not appl icable.  

~ N T  = Not tested.  



combined t ransmi t ted  l i g h t  and ep i f luorescent  b r i g h t - f i e l d  microscopy 
showed amoebae f i l l e d  o r  covered w i t h  f l uo rescen t  LDB debr is ,  and i n  
many cases w i t h  accumulation of i n t a c t  b a c t e r i a  and ant igen l o c a l i z e d  
a t  t he  c e l l  membrane. When h e l d  f o r  add i t i ona l  w,eeks, microscopic 
examination showed a  cont inua l  presence o f  LDB concomit,ant w i t h  t h e  
con t i nu ing  propagation of amoebae. When t i t r a t e d  i n  CGV, CGVS, o r  YE 
media, t h e  LDB growing i n  con junc t ion  w i t h  t h e  amoeb e  was unable t o  
grow i n  t h e  cas i tone media b u t  showed t i t e r s  o f  1070 LDB/mL i n  Y E  
b r o t h  (Table 12). Some o f  these c u l t u r e s  had more than t h i r t y  media 
changes, represent ing  a  1030 d i l u t i o n  o f  t h e  o r i g i n a l  LDB inoculum, 
and s t i l l  conta ined 109 t o  1010 LDB/mL o f  c u l t u r e  f l u i d  (Table 12). 

That t he  LDB propagated i n  t h e  amoebae c u l t u r e s  was s e r o t y p i c a l l y  
i d e n t i c a l  t o  t h e  LDB o r i g i n a l l y  inocu la ted  i n t o  t h e  amoebae was 
i nd i ca ted  by f luorescent  a n t i  body (FA) ana lys is  (Table 12). S i m i l a r l y ,  
no marked increase i n  v i ru lence  was seen on i n o c u l a t i o n  of guinea p i g s  
(Table 13).  Guinea p i g s  inocu la ted  w i t h  LA-LDB, c u l t u r e d  i n  YE b r o t h  
o r  i n  CGV o r  CGVS i n  con junc t ion  w i t h  amoebae, showed an i n i t i a l  
increase i n  temperature which subsided 3 t o  4 d  a f t e r  i nocu la t i on .  The 
LA-LDB cou ld  be detected i n  t h e  spleen t i s s u e  by FA ana lys is  and cou ld  
be recovered from some p i g s  3 t o  5 d  a f t e r  inocu la t ion ,  b u t  t h e  animals 
d i d  no t  succumb t o  t h e i r  i n f e c t i o n s  (Table 13). 

I n t ranasa l  i n o c u l a t i o n  o f  mice w i t h  amoebae con ta in ing  associated 
LDB o r  LDB ant igens d i d  no t  e l i c i t  any obv ious ly  a l t e r e d  pathogenic 
sequelae r e l a t i v e  t o  t h a t  e l i c i t e d  by e i t h e r  LDB o r  amoebae inocu la ted  
alone (Table 12). Amoebae were i s o l a t a b l e  from lunq and/or b r a i n  
t i s s u e  bf mice inocu la ted  w i t h  A. royreba o r  A. royreba + LOB. The 
propens i ty  f o r  amoebic l o c a l i z a t i o n  i n  lung an1 b r a i n  t i s s u e  was no t  
markedly -a1 te red  by the  associated LDB (Table 12). S i m i l a r l y ,  t h e  
gross pathology ev ident  i n  A. royreba- in fec ted  mice was n o t  obv ious ly  
a l t e r e d  i n  mice i n f e c t e d  wiFh amoeba-fed LDB. Mice i n f e c t e d  w i t h  LDB 
had s l i g h t  lung pathology 5 d  a f t e r  i nocu la t i on .  V iab le  LDB cou ld  be 
i s o l a t e d  f rom lung t i s s u e  o f  a1 1  f i v e  mice 5 d  a f t e r  t h e  i n o c u l a t i o n  of 
o n l y  LDB. Conversely, LDB cou ld  no t  be i s o l a t e d  f rom mice inocu la ted  
w i t h  t h e  Naegler ia  + LDB mixture. Some mice inocu la ted  w i t h  t h e  
A. royreba + LDB m ix tu re  y i e l d e d  v i a b l e  LOB f rom i n f e c t e d  lung t i ssue .  - 

DISCUSSION 

The r e s u l t s  o f  t he  LDB ana lys is  o f  power p l a n t  coo l i ng  waters show 
genera l l y  low l e v e l s  o f  LDB. I n  most cases where increases i n  heated 
water were observed, t h e  concentrat ions o f  LDB i n  c o o l i n g  waters were 
increased by approximately t e n f o l d  o r  l ess  r e l a t i v e  t o  source water 
(Table 1) .  I n  some cases, l e v e l s  o f  LDB were greater  i n  source water 
than i n  c o o l i n g  water (Table 1) .  

Although concentrat ions o f  t h e  f o u r  major serogroups o f  
L. pneumophila were n o t  p a r t i c u l a r l y  h igh  i n  e i t h e r  source o r  heated - 
waters, i n f e c t i o u s  LDB was demonstrable i n  many o f  t he  samples. Four 
of t en  samples of c o o l i n g  waters taken i n  t h e  sp r ing  and/or summer of 



Table 13. Resul ts  o f  i n t r a p e r i t o n e a l  i n o c u l a t i o n  of guinea p igs  w i t h  Leg ione l la  pneumophila 
(Los Angeles serotype) grown i n  yeast e x t r a c t  media o r  c o c u l t i v a t e d  w i t h  amoebae i n  
cas i tone  media 

Guinea 
p i g  

Presence of LDB i n  t i ssuesd  
Source o f  LDB Viable LDB Durat ion Day of 
i n o c u l a t i o n a  inocu l  atedb o f  feverC s a c r i f i c e  FA Cu l tu re  

N. l ovan iens is  - 
A. royreba - 

Y t  (s tock)  

N. l nvan iens is  - 
A. royreba - 
N. lovaniens is  - 
N. l ovan iens is  - 

A. rnyreha - 
A. royreba - 
A. royreba - 

A. royreba - 

N. lnvan iens is  - 
N. lovaniens ls  - 
N. l ovan iens is  
-( ccll-f 

N. l ovan iens is  
- ( c c l l d  

NT 

N'I' 

+ 

t 

+ 

NT 

NT 

NT 

NT 

NT 

NT 

NT 

+ 

NT 

YE (s tock)  10 l0  1-5 . NS NT 

YE (s tock )  1010 1-5 6 NT 

aYE = stock LDR grnwn i n  yeast e x t r a c t  media; N. l u v d ~ ~ i e ~ l j i s  - LUU c o c u l t i v ~ ~ C d  ~ i t h  
i n  CGVS media; A. royreba = LOB c o c u ~ t i v a t e d  w i t h  Atanthamoeba royreba 

i n  CGV media. 

 AS d c t c r m i n ~ d  hy endpoint t i t r a t i o n  i n  YE b r o t h  and on CYE agar p la tes .  

CDays a f t e r  i n o c u l a t i o n  when r e c t a l  temperature was <40.0°C. 

dOays a f t e r  i n o c u l a t i o n  when animals were necropsied and spleen, 1 i ve r ,  and per i tonea l  f l u i d  
t e s t e d  by FA o r  c u l t u r e  on CYE agar f o r  presence o f  LA-LOB. 

eAmoebae washed w i t h  CGVS and amoebae w i t h  associated LUB was t i t r a t e d  and then inoculated 
i n tn  g ~ ~ i n c a  pigs. 

NT = n o t  tested.  

NS = n o t  s a c r i f i e d .  



1981 were shown t o  be i n f e c t i o u s  f o r  guinea p igs ,  w i t h  K n o x v i l l e ,  
Los Angeles, and Chicago serotypes of L. pneumophi la be ing  t h e  r e s u l t a n t  
i s o l a t e s .  I n  add i t i on ,  one appa ren t l y  new spec ies o f  L e g i o n e l l a  (OR) 
was i s o l a t e d  f r om s i t e  G ( O r r i s o n  e t  al.,  submit ted; Tynda l l  e t  al.,  
submi t ted) .  I n t e r e s t i n g l y ,  source water  f r om t h r e e  of  t h e  f o u r  p o s i t i v e  
t e s t  s i t e s  were a l s o  p o s i t i v e  f o r  i n f e c t i o u s  LDB and y i e l d e d  K n o x v i l l e ,  
Bloomington, Los Angeles, and Chicago i s o l a t e s .  The presence of i n f ec -  
t i o u s  LDB i n  t h e  c o o l i n g  waters a t  these  s i t e s  i s  n o t  s u r p r i s i n g ,  
cons ide r i ng  t h e i r  concomitant i s o l a t i o n  f rom t h e  source water.  

F i v e  samples o f  c o o l i n g  water  f r om t h e  f a l l  samples a l s o  con ta ined  
i n f e c t i o u s  LDB, as shown by  gu inea p i g  i n o c u l a t i o n .  These samples 
y i e l d e d  K n o x v i l l e ,  Los Angeles, and Chicago i s o l a t e s  (Tab le  3 ) .  The 
OR species o f  L e g i o n e l l a  was aga in  i s o l a t e d  f rom heated water a t  
s i t e  G. Only  two of e leven f a l l  samples of source water  were p o s i t i v e  
f o r  i n f e c t i o u s  LDB. The K n o x v i l l e  and Los Angeles serotypes of 
L. pneumophi la were i s o l a t e d  f r om these  samples, as t h e y  were f rom t h e  - 
corresponding samples o f  heated water  (Tab le  3 ) .  Thus, i n  t h e  samples 
taken  i n  1981, seven of e leven  t e s t  s i t e s  were- shown t o  c o n t a i n  i n f e c -  
t i o u s  LDB and f i v e  of these seven s i t e s  had i n f e c t i o u s  LDB i n  t h e  source 
water. Whi l e  t h e  source water con ta ined  i n f e c t i o u s  L. pneumophi 1  a, 
o n l y  t h e r m a l l y  a l t e r e d  water  y i e l d e d  t h e  i n f e c t i o u s  Oak r i d g e  i s o l a t e s .  
Whether thermal  d ischarges enhance o r  s e l e c t  f o r  t h e  i n f e c t i o u s  f o rm  o f  
these  L e g i o n e l l a  w i l l  r e q u i r e  a d d i t i o n a l  study. 

That t h e  i n f e c t e d  guinea p i g s  were i n j e c t e d  w i t h  o n l y  104 t o  
105 (Tables 2 and 3 )  LDB i n d i c a t e s  a  r a t h e r  h i g h  degree of v i r u l e n c e  
i n  these  popu la t i ons  because t h e  observa t ions  of Berendt e t  a l .  (1980) 
i n d i c a t e d  t h a t  t h e  LD 0 o f  v i r u l e n t  L. pneumophi la (serogroup 1) i s  
3.0 x  106 when i n j e c t e d  i n t r a p e r i t o n e a l T y .  

I n  a d d i t i o n  t o  t h e  i s o l a t i o n  of f ou r  of t h e  s i x  known serotypes o f  
L.  pneumophi la i n  these  s tud ies ,  one s i t e  y i e l d e d  t h e  new species of - 
L e g i o n e l l a  t e n t a t i v e l y  named Legionel  1  a  oakr idgens is  (OR). Two unusual 
c h a r a c t e r i s t i c s  were apparent on t h e  i n i t i a l  i s o l a t i o n  o f  these  . . 
Legionel  l a - 1  i k e  bac te r i a .  F i r s t ,  t h e  co lon ies  d i d  n o t  appear u n t i  1  ... .,... .....- % ..-., -.m- 

t h r e e  o r  more days a f t e r  p l a t i n g  o f  t h e  t i s s u e  on C Y E  agar. Second, 
t h e  b a c t e r i a ,  a1 though presumably Leg ione l l  a, d i d  n o t  c ross  r e a c t  w i t h  
a n t i s e r a  prepared aga ins t  known L e g i o n e l l a  species.  The poor growth on 
CYE agar w i t h  these  i s o l a t e s  has a l s o  been no ted  by  W. Cherry  (persona l  
communication), as has t h e  l a c k  of s e r o l o g i c  i d e n t i t y  w i t h  known 
spec ies o f  Leg ione l la .  O r r i son  e t  a l .  (1982) showed t h a t  t h e  i s o l a t e s  
a r e  a  new spec ies o f  L e g i o n e l l a  ( i . . ,  L e g i o n e l l a  oak r i dgens i s )  and 
t h a t  DNA re la tedness  and t h e  f a t t y  a c i d  p r o f i l e s  a re  unique, as a re  t h e  
s e r o l o g i c  c h a r a c t e r i s t i c s .  

That  L. oakr idgens is  i s  w i d e l y  d i s t r i b u t e d  was i n i t i a l l y  i n d i c a t e d  
by  i t s  i d a t i o n  f rom two s i t e s  2400 km (1500 m i l e s )  a p a r t  (Tynda l l  
e t  al.,  subrni t t e d ) .  Subsequently, f luorescein- tagged a n t i s e r a  prepared 
aga ins t  L. oakr idgens is  was used t o  survey m i c r o s c o p i c a l l y  f o r  t h e  
presence<f t h i s  Le i o n e l l a  spec ies i n  o the r  d i s p a r a t e  l oca les .  These 
s t u d i e s  i n d i c a t e d  + a w i  e i s t r i b u t i o n  f o r  t h i s  spec ies (Tab le  5 ) .  



Some guinea p i g s  from which I. oakr idgensis  were i s o l a t e d  a l s o  
y i e l d e d  L. pneumophila. Thus t h e  e levated feve r  and o ther  s igns o f  
i l l n e s s  fi.e., le thargy ,  r u f f l e d  f u r ,  etc.) i n  these animals cou ld  have 
been due t o  i n f e c t i o n  w i t h  L. pneumophila as opposed t o  L. oakridgensis. 
Both guinea p i g s  i nocu la ted  w i t h  water concentrates-from a  sp r ing  
sample a t  s i t e  G, however, y i e l d e d  o n l y  L. oakridgensis. These p igs  
were f e b r i l e  and showed o v e r t  s igns o f  i i l n e s s .  Th is  i n d i c a t e s  t h a t  
L. oakr idgensis  i s  pathogenic. I t  w i l l  be o f  i n t e r e s t  t o  determine - 
whether evidence o f  human i n f e c t i o n  w i t h  L. oakr idgensis  can be found. 
Th i s  i s  o f  p a r t i c u l a r  i n t e r e s t  cons ider ing  t h e  wide d i s t r i b u t i o n  and 
r e l a t i v e l y  h igh  concent ra t ions  o f  t h i s  Leq ione l l a  species. 

Whi le t h e  goal  of t h i s  ongoing s tudy  i s  t o  assess t h e  presence of 
i n f e c t i o u s  LDB i n  c o o l i n g  waters o f  e l e c t r i c  power p lan ts ,  t h e  i s o l a t i o n  
of t h e  new species u-T L e y ' i o r ~ e l l a  i l l l t s t r a t c s  t h e  value o f  such survey 
i n fo rma t ion  as i n p u t  t o  c l i n i c a l  s tud ies .  For example, many c l i n i c a l  
specimens a re  p laced i n  f i x a t i v e  f o r  h i s t o l o g i c a l  analys is ,  o b l i t e r a t i n g  
any possi  b i  1  i t y  o f  1 so l  a t i n g  new species o f  pathogens. Thus envi run-  
mental m a t e r i a l  serves no t  o n l y  as a  source o f  c l i n i c a l  i n f e c t i o n  bu t  
as a  r e s e r v o i r  f rom which t h e  i s o l a t i o n  o f  c l i n i c a l l y  important  
pathogens i s  poss ib le .  

As was p r e v i o u s l y  repo r ted  f o r  o t h e r  s i t e s  (Tyndal l  e t  a l .  1980), 
c o o l i n g  water f rom most o f  t he  present  s i t e s  showed t h e  presence of 
t he rmoph i l i c  f r e e - l i v i n g  amoebae. Twenty percent o f  t he  present  s i t e s  
( 2  o f  11) were a l so  p o s i t i v e  f o r  pathogenic Naegler ia.  One o f  these 
two s i t e s  was p r e v i o u s l y  shown t o  con ta in  r e l a t i v e l y  h igh  l e v e l s  of 
pathogenic Naegler ia  and was n o t  repo r ted  as p a r t  o f  t h i s  study. The 
pathogenic i s o l a t e s  f rom both  s i t e s  produced the  t y p i c a l  f u l m i n a t i n g  
e n c e p h a l i t i s  when inocu la ted  i n t r a n a s a l l y  i n t o  weanl ing I C R  mice. 
Gross observa t ion  o f  t h e  b r a i n  t i s s u e  revealed obvious s w e l l i n g  and 
areas o f  hemorrhage. As expected, t h e  Naegler i  a  were read i  l y  r e i s o l  ated 
f rom i n f e c t e d  b r a i n  t i ssue .  

Pa thogen ic i t y  of t he rmoph i l i c  f r e e - l i v i n g  amoebae, o the r  than 
Naegler ia,  was n o t  tested.  A l l  s i t e s  except s i t e  H y i e l d e d  the rmoph i l i c  
f ree-1 i v i n g  amoebae. 

The observat ion t h a t  Naeg ler ia  and Acanthamoeba can i n t e r a c t  w i t h  
LDB e i t h e r  d e s t r u c t i v e l y  o r  suppor t i ve l y  may be important,  p a r t i c u l a r l y  
i n  regard  t o  t h e  prevalence o f  such amoebae i n  many c o o l i n g  towers. A 
h ~ t t e r  understanding o f  t h e  i n t e r a c t i o n  may be important  i n  understand- 
i n g  t h e  prevalence o r  absence o f  LUB i n  coo l i ng  waters. 

Whi le the m i g r a t i o n  o f  amoebae on nonnut r ien t  agar p l a t e s  seeded 
w i t h  a  lawn o f  LDB was slower than t h a t  on p l a t e s  seeded w i t h  - -  E. c o l i ,  
t h e  LDB d i d  serve as a so le  food source. That LDB was ingested o r  
concentrated by  the  amoeb,ae was obvious from the  FA ana lys i s  of t he  
amoeba-LDB mixtures.  We d i d  n o t  see de le te r i ous  e f f e c t s  o f  LDB on 
amoebae as repo r ted  by Rowbotham (1980). However, we were us ing  
low-v i ru lence LDB c u l t u r e s  as opposed t o  more v i r u l e n t  s t r a i n s  shown t o  
have adverse e f f e c t s  on f r e e - l i v i n g  amoebae. 



The animal s t ud ies  a l s o  r e f l e c t  t h e  pro lonqed s u r v i v a l  of 
Acanthamoeba-associated LDB r e 1  a t i v e  t o  ~ a e ~ l e r i  a -ass i c i  a ted  LDB. The 
o n l y  animals g iven  amoeba-associated LDB f rom which v i a b l e  LDB c o u l d  be  
i s o l a t e d  were those  i nocu la ted  w i t h  Acanthamoeba + LDB. V i a b l e  LDB 
c o u l d  n o t  be recovered f r om mice i n o c u l a t e d  w i t h  Naeg le r ia  + LDB. 

Naeg le r i a  1  ovan iens is  i s  a  nonpathogenic thermophi 1  i c  amoeba 
(Stevens e t  a l .  1980). We and o t h e r s  have n o t  seen p a t h o l o g i c  changes 
i n  m i c e  i nocu la ted  w i t h  t h i s  amoeba (unpubl ished observa t ions) .  
S i m i l a r l y ,  t h e r e  was no i n d i c a t i o n  i n  t h i s  s tudy  sugges t ing  patho- 
g e n i c i t y  by t h e  amoebae f o l l o w i n g  i n g e s t i o n  o f  LDB (Tab le  3 ) .  
S i m i l a r l y ,  t h e  r e s u l t s  o f  t h i s  s tudy  i n d i c a t e  l i t t l e  o r  no a l t e r a t i o n  
i n  t h e  pathogenic  p o t e n t i a l  o f  A. r oy reba  on i n g e s t i o n  o f  LDB. The 
r e s u l t s ,  however, c o n f i r m  t h e  p ~ e v i o u s l y  observed p e r s i s t e n c e  of t h e  
amoebae i n  t i s s u e .  A. r o  reba i s  known t o  produce pulmonary l e s i o n s  on 
i n t r a n a s a l  i n o c u l a t i o n  7-- W i l l a e r t  e t  a l .  1978). On occas ion t h e  amoebae 
can be i s o l a t e d  f rom t h e  b ra in ,  a l though f a t a l  e n c e p h a l i t i s  i s  n o t  
g e n e r a l l y  assoc ia ted  w i t h  exposure t o  t h i s  amoeba. 

The obse rva t i on  t h a t  v i a b l e  LDB was ,propagated s y m b i o t i c a l l y  w i t h  
Naeg le r ia  and Acanthamoeba has v a r i o u s  r a m i f i c a t i o n s .  The f a c t  t h a t  
t h e  LDB i n  these  c u l t u r e s  was n o t  adapted t o  growth i n  C G V  o r  CGVS 
i n d i c a t e s  t h a t  t h e  amoebae a r e  p r o v i d i n g  e i t h e r  an i n t r a c e l l u l a r  n i c h e  
o r  e x t r a c e l l u l a r  f a c t o r s  t h a t  suppor t  t h e  growth o f  LDB. T ison  e t  a l .  
(1980) p r e v i o u s l y  showed t h a t  b lue-green a lgae can p r o v i d e  e x t r a c e l  l u l  a r  
growth f a c t o r s  t h a t  promote t h e  growth o f  LDB. S i m i l a r l y ,  i t  has been 
shown t h a t  LDB can grow i n t r a c e l l u l a r l y  i n  monocytes, and i n  do ing  so  
t h e  v i r u l e n c e  i s  enhanced (Wong e t  a l .  1980, 1981). I n  t h e  case o f  t h e  
amoebae i n  t h i s  study, however, i t  was s u r p r i s i n g  t o  see t h a t  propa- 
g a t i o n  o f  LDB was preceded by  a  r a p i d  d e s t r u c t i o n  o f  t h e  bacter ium. 
Whi le  d e s t r u c t i o n  f o l l o w e d  b y  growth promot ion suggests a  s e l e c t i o n  , . . 8 

f o r ,  o r  an enhancement o f ,  a  subpopulat ion f rom t h e  o r i g i n a l  s tock 
c u l t u r e ,  immunologic o r  pathogenic  d i f f e r e n c e s  between t h e  s tock  LDB 
and t h a t  grown i n  con junc t i on  w i t h  t h e  amoebae have not ,  as ye t ,  been 
demonstrated. The r e s u l t s  t hus  f a r  i n d i c a t e  t h a t  f r ee -1  i v i n g  amoebae 
migh t  p r o v i d e  a  necessary n i che  f o r  m a i n t a i n i n g  v i a b l e  LDB where condi -  
t i o n s  migh t  n o t  o therw ise  suppor t  t h e  s u r v i v a l  o r  growth o f  t h e  m ic ro -  
organism. 
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