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D i e t r i c h  Char l es  Bauer

ABSTRACT

The in format ion a v a i l a b l e  regarding the f a c t o r s  which 

c o n t r i b u t e  to the v i ru le n c e  of  lep tospf rae  is both meager and 

c o n f I i c t i n g .

To gain some in s ig h t  in to  the mechanisms o f  L.  pomona 

i n f e c t i o n s  an i n v e s t i g a t i o n  was undertaken to demonstrate a 

f a c t o r  or f a c t o r s  responsible  f o r  the t o x i c  e f f e c t s  of  the  

organism. During the studies the opportun i ty  also arose to  

examine le p t o s p i r a l  e x t r a c t s  f o r  enzymes o f  the c i t r i c  acid  

eye I e .

Leptospi rae  were separated from c u l t u r e s  by c e n t r i f u g a ­

t i o n  and washed and resuspended to  l / lOO the o r i g i n a l  volume 

of  c u l t u r e .  The c e l l s  were disrupted by sonic o s c i l l a t i o n  

and the c e l l - f r e e  e x t r a c t  tested  f o r  t o x i c  and enzymatic 

a c t i v i t y .  No to x i c  a c t i v i t y  could be demonstrated f o l l ow in g  

int radermal  in o c u l a t i o n  into  hamsters or guinea pigs.  No 

change in hematological  values could be observed in hamsters 

f o l l o w i n g  i n t r a c a r d i a l  in o c u l a t i on  of  the e x t r a c t s .  Hamsters 

which received L. pomona c e l l s  showed increased b i l i r u b i n  

and urea le v e ls  and reduced hemoglobin and hematocri t  l e v e l s .

Ex t ra c ts  o f  L.  pomona were te s ted  f o r  succinic  dehydro­

genase, mal ic  dehydrogenase, i s o c i t r i c  dehydrogenase, fumarase 

and acon i tase .  Varying degrees of  a c t i v i t y  were demonstrable  

fo r  a l l  o f  these enzymes.

Fur t her  i n v e s t i g a t i o n s  on the mechanism of  v i ru le n c e  

of  L.  pomona were performed using the hemolysin found in 

supernatant  f l u i d s  o f  l e p t o s p i ra l  c u l t u r e s .  The hemolysin 

was found to be p r e c i p i t a t e d  by 35$ s a tu ra t i o n  with ammonium
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s u l f a t e .  Separa t ion and concent ra t ion o f  the hemolysin in 

t h i s  manner r e s u l t e d  in y i e l d s  o f  about 30 per cent .

The t o x i c i t y  of  the concentrated hemolysin prepara­

t io n s  was examined by int ravenous in o c u la t io n  of  young lambs. 

Animals r ece iv in g  large doses o f  hemolysin showed a 60 per 

cent loss o f  hemoglobin 30 hours a f t e r  In o c u l a t i o n .  The 

lambs were weak, i c t e r i c  and hemoglobinuria was e v id e n t .

Smal ler  doses of  hemolysin re s u l t e d  in a 30 to 50 per cent  

loss of  hemoglobin,  with the lambs appearing weak and pa le .

Lambs rec e iv in g  intravenous i n j e c t i o n s  o f  washed L. pomona 

c e l l s  developed an acute hemolyt ic anemia, evidenced by a 

65 per cent drop in hemoglobin and hematocr i t  l e v e l s .  Jaundice,  

weakness and hemoglobinuria were ev ide nt .

Gross and microscopic examination o f  the t issues  of  

the lambs showed a gene ra l i z ed  i c t e r u s ,  copper colored l i v e r s  

and petech ia l  hemorrhages on the kidney.  Areas of  degenera­

t i o n  and necrosis in many areas o f  the l i v e r  were noted.  The 

d i s t a l  and proximal convoluted tubules o f  the kidney showed 

areas o f  degenerat ion and some tubules contained a homogenous, 

dark red s ta in in g  m a t e r i a l .  Animals rece iv ing  hemolysin or 

whole c e l l s  revealed s i m i l a r  les ions except in the l a t t e r  

group more extensive renal  damage was present .

Another group o f  lambs received a se r ie s  of  small 

doses of  hemolysin.  They were then chal lenged with l i v e  

organisms or hemolysin.  No evidence o f  hemolyt ic anemia 

was observed in any of  the animals.  However, the r e s u l t s  

were d i f f i c u l t  to i n t e r p r e t  due to the development o f  a g g l u t i ­

nat ing ant ibody a f t e r  r ece iv in g  hemolysin pr ep ar a t i o ns .
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Concentrated c u l t u r e  supernates of  a nonhemolytic  

stfain a lso s t imula ted  the product ion of  a gg u l u t i n a t i n g  a n t i ­

body. Although ant iserum i n h i b i t e d  the hemolysin no evidence  

was obtained to i n d i c a t e  t h a t  the hemolysin s t imula ted a n t i ­

body product ion .

An assay procedure was developed f o r  determining  

hemolyt ic  a c t i v i t y  which was rap id and r e l a t i v e l y  accura te .

By means o f  t h i s  procedure,  j j i  v i t r o  p r o p e r t i e s  of  

the hemolysin were in v e s t i g a t e d .  The r e s u l t s  ind icated t h a t  

the r a t e  o f  hemolysis was g r e a t l y  increased in incubat ion of  

the t e s t s  at  37°C was fo l lowed by a 4°C incubat ion .  F u r t h e r ,  

i t  was demonstrated t h a t  adsorpt ion of  the hemolysin to 

ery t hr oc y te s  occurs,  which is  probably a physical  r a t h er  than 

chemical r e a c t i o n .  Antibody i n h i b i t e d  hemolysis i f  in con­

t a c t  wi th the hemolysin before the a d d i t io n  of  e ry th r oc y te s .  

The a d d i t i o n  o f  ant iserum with or a f t e r  the e ry thr ocytes  

re s u l t e d  in diminished i n h i b i t i o n .

On the basis o f  the r e s u l t s  obta ined ,  a mechanism 

i s  proposed f o r  the  development of  hemolyt ic anemia associated  

with l e p t o s p i r o s i s .  I t  is  also concluded th a t  the hemolysin 

i s  not the only t o x i n  o f  l ep t osp i ra e  which can produce an 

i c t e r i c  condi t ion  and t h a t  i t  represents only one o f  the  

v i ru l e n c e  f a c t o r s  o f  l e p t o s p i ra e .

The f a c t  t h a t  f i v e  enzymes of  the c i t r i c  acid cycle  

are demonstrable In d ic a te s  t h a t  t h i s  metabol ic pathway is  

probably operat ing in l e p t o s p i ra e .
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INTRODUCTION

The p r o p e r t i e s  of  b a c t e r i a  which c o n t r ib u te  to t h e i r  

v i ru le n c e  may be separated into two broad c a te g o r i e s .  F i r s t ,  

there  are the c h a r a c t e r i s t i c s  associated with overcoming the  

host defenses and enabl ing the p a r a s i t e  to e s ta b l i s h  i n f e c t i o n .  

Under t h i s  grouping may be included hya Iuronidase ,  coagulase,  

f i b r i n o  I y s i n ,  l e uk o c id in ,  and ant iphagocyt ic  substances.  The 

second group of  v i ru le n c e  f a c t o r s  are those which produce the  

l es ions in the h o s t ' s  t i s s u e s ,  the so c a l l e d  exotoxins and 

endotoxins.  The r e l a t i v e  importance o f  these two groups in 

the disease process is  extremely v a r i a b l e .  The c la s s ic a l  

examples are of  anthrax and botul ism.  Baci I  I us anthrac i s 

invades and m u l t i p l i e s  in great  numbers in the host t i s s u e s .  

However, an animal needs only to ingest  food in which 

Cl o s t r  i d i um b o tu l i  num has grown and produced t o x i n  to die  

of  botul ism and only r a r e l y  is the organism recovered from 

the a f f e c t e d  i n d i v i d u a l .

Informat ion with regard to these v i ru le n c e  f a c t o r s  

among the lep tosp i rae  is both meager and c o n f l i c t i n g .  As a 

basis f o r  the t reatment  and control  of  an i n f e c t i o u s  disease,  

a l l  phases of  the h o s t - p a r a s i t e  r e l a t i o n s h i p  should be con­

s idered .  There fore ,  f o r  the purpose o f  gaining some ins ig ht  

in to  the mechanisms o f  Leptospi ra  pomona i n f e c t i o n s  an i n ­

v e s t i g a t i o n  was undertaken to at tempt to demonstrate a 

substance or substances responsible  f o r  the t o x i c  e f f e c t s  

of  the organism. During the course of  the i n v e s t i g a t io n s  

the op por tun i ty  arose to examine c e l l  f r e e  e x t r a c ts  from

I
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L.  pomona f o r  enzymes o f  the c i t r i c  acid cy c le .  Because 

the basis of  the  pathogenic e f f e c t  o f  b a c t e r i a  is chemical ,  

the more informat ion  a v a i l a b l e  regarding the chemical a c t i v i  

t i e s  of  a pathogen the gr e a te r  is  the oppor tun i ty  f o r  under­

standing the basis of  i t s  v i r u l e n c e .
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LITERATURE REVIEW

A. V i r u l e n c e  Stud ies

Gsel l  (24 )  has descr ibed the host response to Leptospi rae  

pomona i n f e c t i o n s  as occurr ing in two phases. The f i r s t  phase 

is c ha r a c te r i z e d  by the presence of  the spi rochetes in the  

c i r c u l a t o r y  system. The second phase is  a per iod o f  t i s s u e  

damage invo lv ing  p r i m a r i l y  the l i v e r ,  k idneys,  meninges and 

e r y t h r o c y t e s .  This stage te rminates  usua l ly  wi th the appearance  

of  ant ibody .  I c t e r u s  may or may not be present .  In man the  

disease is  most commonly associated wi th muscular pains and 

m en i n g i t i s  but i c t e r u s  is r a r e l y  observed ( 2 ) ,  Pigs do not  

as a r u l e  show ov e r t  signs of  i l l n e s s  other  than a s l i g h t  

temperature e le v a t i o n  and loss of  a p p e t i t e .  However, in 

pregnant sows abo r t i on  is  f r e q u e n t l y  associated with le p t o ­

s p i r o s i s  ( 7 ) .  The disease in c a t t l e  is  v a r i a b l e .  Young 

animals are more severely  a f f e c t e d  showing jaundice and 

hemoglobinuria ( 6 0 ) .  Adul t  animals appear i c t e r i c  Jess 

f r e q u e n t l y ,  but abor t ion  and reduced mi lk f lo w  are a f requent  

r e s u l t  o f  i n f e c t i o n  ( 5 3 * 5 5 ) .  Bryan ( 8 ) studied the symptoms 

of  le p t o s p i r o s i s  in 125 herds o f  c a t t l e .  Abort ion occurred  

in 58 per cent ,  reduced milk f lo w  in 47 per cent ,  hemogIobinufra  

in 30 per cent and anaemia and jaundice in 15 to 19 per cent .

L.  pomona i n f e c t i o n s  in sheep also seem to vary in 

s e v e r i t y  depending on the age o f  the animals ( 3 7 ) .  A severe  

outbreak in lambs in New Zealand was repor ted by H a r t l e y  (25 )  

in which ic te r u s  and hemoglobinuria were the prominent c l i n i c a l
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s igns .  Webster and Reynolds (69 )  descr ibed two outbreaks  

of  l e p t o s p i r o s i s  in ewes and lambs. A severe hemolyt ic  

anemia wi th hemoglobinuria and jaundice were again prominent .  

Abor t ion and death o f  ewes has been recorded by Beamer and 

coworkers ( 5 ) .

Experimental  ovine i n f e c t i o n s  were studied by Morse 

et a I . ( 4 7 ) .  A hemolyt ic  anemia was observed in 5 of  8 ex­

per imental  animals wi th accompanying hemoglobinur ia.  A mild  

j aundice was noted in I lamb.

Several  i n v e s t i g a t o r s  have suggested the possible  

causes of  the var ious  les ions observed in l e p t o s p i r a l  i n f e c ­

t i o n s .  Gsel l  (24)  s tated  t h a t  the s e v e r i t y  of  the i n t o x i c a ­

t i o n  and the i n t e n s i t y  o f  the sept icemia determine the d i f f e r ­

ences observed in the c l i n i c a l  p i c t u r e .  He descr ibed the  

disease p i c t u r e  o f  l e p t o s p i r o s i s  as a general  i n t o x i c a t i o n  

in which a l e p t o s p i r a l  t o x i n  causes the t y p i c a l  l es ions .

I t  was admit ted however, t h a t  any i n t e r p r e t a t i o n  of  the d i s ­

ease as being due to a t o x i n  was hypothet ica l  as long as no 

such agent was yet  demonstrable.  Ferguson ,et a_l_. (18)  

suggested t h a t  the cause of  bovine abort ion  in le p t o s p i ro s i s  

was a t o x i n ,  re leased from the lep t osp i ra e  by l y t i c  ant ibod ies  

in the dam, which entered the f e t u s .  Morse and coworkers (47)  

suggested a s i m i l a r  mechanism as the cause of  the hemolyt ic  

anemia in sheep. In t h i s  case ant ibody was thought to r e ­

lease a hemolyt ic  endotoxin from the spirochetes or t h a t  

ant ibody would act  with a hemolyt ic ant igen and lyse e r y t h r o ­

cytes in the presence of  complement.

As e a r l y  as two years a f t e r  Inada and Ido (31)  in



5

1915 i n c i r m in a te d  L̂ . i cterohemmorhaq i ae as the e t i o l o g i c a l  

agent o f  W e i l ' s  d isease,  Matsuzaka (39 )  repor ted the t o x i c  

p r o p e r t i e s  of  heat k i l l e d  le p t o s p i r a e  f o r  guinea p igs.  L a t e r ,  

Fukushima and Hosoya ( I S )  and Higuchi (27)  found th a t  cu l t ur e s  

of  L.  i cterohemmorhag i ae which had been maintained under 

anaerobic condi t ions  or j_n vacuo at  37°C fo r  2 to  3 days,  

produced increased b i l i r u b i n  leve ls  in the blood of  guinea  

pigs and hyperemia o f  the bulbar  c o n ju n c t iv a .  S t a v i ts k y  (61)  

made ex tens ive at tempts to conf i rm these f i n d i n g s  wi thout  

success. This same worker tes te d  l e p t o s p i r a l  e x t r a c t s  f o r  

hy a Iu ro n i d a se , f i b r i o o l y s i n ,  leukoc id in and coagulase a c t i v i t y  

with negat ive  f in d i n g s  ( 6 2 ) .  Subsequently,  a rep or t  appeared 

(67)  s t a t i n g  t h a t  hyaIuronidase a c t i v i t y  was demonstrable.

Faine ( 15) approached the study o f  l e p t o s p i r a l  v i ru le nc e  

by comparing the f a t e  o f  v i r u l e n t  and a v i r u l e n t  L.  i c t e r o -  

hemmorrhaq i ae c e l l s  i n j e c t e d  into young guinea p igs .  Both 

s t r a i n s  were phagocyt ized by f ix e d  phagocytes of  the r e -  

11cu Iocendothe I ia  I system. Leucocyt ic phagocytosis was not  

observed.  The only d i f f e r e n c e  between the s t r a i n s  was tha t  

v i r u l e n t  c e l l s  survived whereas a v i r u l e n t  did not .  This  

same i n v e s t i g a t o r  (16)  studied the r e l a t i o n s h i p  between the  

number of  l e p t os p i ra e  present  in guinea pig t iss u es  and the  

appearance of  les io n s .  A concent ra t ion of  10^ le p t os p i ra e  

per ml o f  body f l u i d s  coincided with demonstable hemmorhagic 

l es ions .  Death occurred with c e l l  concent ra t ions  of  I 

per ml.  Death could occur in the absence of  high numbers 

o f  l e p t o s p i r a e .  With animals i n fe c te d  with doses near the  

LDipO> death was observed 3 days a f t e r  the appearance of  

serum ant ibody .
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Such observa t ions are confirmed by other  studies  

(32 ,  46)  on the  e f f e c t  of  serum therapy during d i f f e r e n t  

stages o f  l e p t o s p i r o s i s .  Serum administered p r i o r  to or 

simultaneously  wi th exposure to le p t o s p i ra e  a f forded  pro­

t e c t i o n ,  but t h i s  e f f e c t  diminished when serum was given 

a f t e r  exposure.

In 1956 AI exander et  aj[. ( I ) and Russel I (57)  re­

ported the presence o f  a soluble  hemolysin in c u l t u r e  super-  

nates of  some l e p t o s p i r a l  serotypes.  The hemolysin was 

found in g r e a te s t  amounts in the  supernates I to  3 days a f t e r  

maximum growth had occurred.  Only a small amount of  hemolyt ic  

a c t i v i t y  was found in d is rupted  c e l l  p r e pa r a t io ns .  A c t i v i t y  

was destroyed by heat ing at  56°C f o r  1C minutes.  Maximum 

r a t e s  o f  hemolysis were achieved a t  37° c » with no hemolysis 

observable at  0°C.  The hemolysin was oxygen s t a b l e ,  non-  

d i a l y s a b l e  and i n h i b i t e d  by l e p t o s p i r a l  ant iserum.  E ry th ro ­

cytes o f  sheep, cows and goats were repor ted to  be most 

s usc ep t ib le  to  the hemolysin ( I ) .  Rabbi t  and hamster erythrocytes 

were less suscept ib le  and buinea pig RBC were unaf fected ( 57 , 4 ) .  

A c t i v i t y  was observed wi th some s t r a i n s  o f  L.  cani coI a . L.

ben jami n. L.  c y n o p t e r i « JL. autumnal i s . L . a us t ra I  i s A, L.

pomona, L.  bebdomadi s and L.  batavi  ae . The authors ( I )  

suggested t h a t  the hemolyt ic a c t i v i t y  of  l e p t os p i ra e  was due 

to the presence o f  a t o x i n .

Bauer and Morse (4)  compared the hemolyt ic  a c t i v i t y  

of  _L. pomona c u l t u r e s  o f  varying degrees of  v i ru le nc e  with  

t h e i r  LD50 f o r  hamsters.  The lack o f  c o r r e l a t i o n  was i n d i ­

cated by the f a c t  t h a t  the c u l t u r e  with the highest  hemolyt ic

a c t i v i t y  had a la rge  LD^q .
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Imamura and coworkers (30 )  reported in 1957 the  

demonstrat ion o f  a heat  s t ab l e  substance in sonic e x t r a c t s  

of  L.  ic terohemmorrhaqiae. which when i n j e c t e d  in t racu tan eou s Iy  

in t o  guinea pigs or r a b b i t s  produced an area o f  inf lammation  

of  20 to  30 mm in d iameter .  The non-p rot e in  nature o f  the  

substance was ind ic a te d  by i t s  negat ive  b i u r e t  r e a c t io n  and 

p o s i t i v e  r e s u l t s  in the  Molisch and B i a l ' s  or c in  r e a c t i o n s .

In 1957 Kemenes (3^0 repor ted t h a t  by i n j e c t i n g  lambs 

in t ravenous ly  wi th 150 to  220 ml amounts of  l e p t o s p i r a l  c u l ­

t u r e  supernates of  high hemolyt ic  a c t i v i t y ,  dyspnea, fe ve r  

and hemoglobinuria were produced in 8 to 16 hours.  D a i l y  

i n j e c t i o n s  o f  smal ler  amounts o f  hemolysin,  20 to 50 ml,  pro­

duced a hemolyt ic  anemia in about 5 to  7 days.  This jjn vi vo 

hemolyt ic  e f f e c t  was observed wi th hemolysins o f  L.  pomona.

L. can i coI a and L.  gr i ppotyphosa. These workers observed 

t h a t  an i n h i b i t o r  o f  the hemolysin was present  in the r a b b i t  

serum used f o r  c u l t i v a t i o n  o f  the  l e p t o s p i r a e .  S i m i l a r  

observat ions had been made by e a r l i e r  in v e s t i g a t o r s  ( I ,  5 7 ) .

A recent  p u b l i c a t i o n  ( 56 ) has suggested t ha t  the  

hemolysin o f  L • pomona may be a phosphoI ipase. This con­

c lus ion  was based on r e s u l t s  a t t a i n e d  by the use o f  phos­

p h o l i p i d s  as i n h i b i t o r s  of  the hemolysin.

B. C i t r i c  Acid Cycle Enzymes.

Pathogenic le p t os p i ra e  r e q u i r e  blood serum f o r  growth 

and a l l  at tempts to s u b s t i t u t e  def ined n u t r i e n t s  f o r  the  

serum have been unsuccessful  ( 2 ) .  F r a c t i o n a t i o n  o f  sera to  

a s c e r t a i n  the components necessary for  growth and r e s p i r a t i o n
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has been at tempted by several  workers.  Schneiderman et a I .

(58 )  repor ted  t h a t  serum albumin contained much o f  the n u t r i e n t  

value of  whole serum. Albumin p r e c i p i t a t e d  by 71 per cent  

ammonium sulphate was e f f e c t i v e  but alcohol  p r e c i p i t a t e d  albumin 

was not .  The albumin could not be replaced by a mixture of  

amino acids which simulated the amino acid composit ion o f  the  

albumin as determined by micr ob i o Iog ic  assay.  Attempts by 

other  workers to repeat  these experiments have been without  

success ( I I ) .

Fu l ton  and Spooner (20)  t e s t e d  var ious components of  

serum f o r  r e s p i r a t o r y  a c t i v i t y  as measured by manometric 

methods. Serum p r o t e i n  was found to  be as e f f e c t i v e  as whole 

serum in s t i m u l a t i n g  r e s p i r a t o r y  a c t i v i t y  o f  l e p t o s p i r a e .  

Attempts to show p r o t e i n  breakdown however, were not success­

f u l .  Serum p r o t e i n s  were then ex t rac ted  wi th ether  to  d e t e r ­

mine whether a non -pro te in  f a c t o r  was ess ent ia l  f o r  r e s p i r a ­

t i o n .  The e ther  ex t r ac ted  p r o t e in s  showed no reduct ion in 

t h e i r  a b i l i t y  to s t im u la t e  r e s p i r a t i o n .  Nevertheless the  

et her  soluble  substances did possess r e s p i r a t o r y  a c t i v i t y .  

Phosphol ipids were e x t r a c te d  from the e ther  soluble  f r a c t i o n  

by acetone p r e c i p i t a t i o n .  This f r a c t i o n  was as a c t i v e  as 

the p r o t e i n  f r a c t i o n  in s t im u l a t i n g  r e s p i r a t i o n .

H e l p r i n  and H i a t t  (26)  a lso i nv e s t i ga te d  the e f f e c t  

of  l i p i d s  on the r e s p i r a t i o n  of  le p t o s p i ra e .  Human plasma 

f a c t i o n  V (albumin)  was found to  contain e s s e n t i a l l y  a l l  of  

the  serum r e s p i r a t o r y  a c t i v i t y .  However, a f t e r  acetone ex­

t r a c t i o n  almost a l l  of  the a c t i v i t y  was l o s t .  Addi t ion of  

the acetone p r e c i p i t a b l e  l i p i d s  back to plasma f r a c t i o n  V
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r es t ore d  the  o r i g i n a l  a c t i v i t y .  L i p i d s  alone i n h i b i t e d  

r e s p i r a t i o n .  A number of  f a t t y  acids were tested  f o r  r e s p i r a ­

t or y  a c t i v i t y  with and wi thout  the p r o t e i n  f r a c t i o n .  In the 

absence o f  p r o t e i n  the f a t t y  acids did not s t im u l a t e  r e s p i r a ­

t i o n  but wi th p r o t e in  a l l  possessed a c t i v i t y .  A c o r r e l a t i o n  

between the  number of  carbon atoms and the a b i l i t y  to  st imu­

l a t e  r e s p i r a t i o n  was observed,  a ra c h i d i c  acid being the  most 

a c t i v e  and b u t y r i c  the l e a s t .  Unsaturated acids were also  

high ly  s t i m u l a t o r y .  The authors concluded from t h e i r  r e s u l t s  

t h a t  the s t i m u la t o r y  e f f e c t  o f  serum pr ote ins  on l e p t o s p i r a l  

r e s p i r a t i o n  is due to  both the c o n t r i b u t i o n  of  f a t t y  acids  

and a d e t o x i f y i n g  e f f e c t  of  the albumin.

Recent ly  Gerhardt  and Bal l  (21)  have repor ted th a t  

u t i l i z a t i o n  o f  amino acids from r a b b i t  serum by lep tosp i rae  

can be demonstrated by chromatographic and micr ob io log ica l  

assay procedures.  I t  has been shown by several  workers t h a t  

l e p t o s p i ra e  do not metabol ize  carbohydrates (20,  9 ) .

Leptospi rae  r eq u i r e  oxygen f o r  growth.  Czekalowski ,  

McLeod and Rodican (13)  observed the format ion o f  narrow 

r ings  of  l e p t o s p i r a l  growth in tubes of  se mi -so l id  or s o l i d  

agar conta in ing 10 per cent r a b b i t  serum. The bands o f  growth 

occurred 4 to 10 mm below the surface of  the medium. Growth 

was minimal or absent in the c le a r  areas above and below the  

dense areas of  growth.  From these r e s u l t s  i t  was concluded 

tha t  le p t o s p i r a e  req u i re  amounts o f  oxygen below tha t  o f  the  

atmosphere and should be considered m i c r o a e r o p h i I i c .

The genera t ion t ime of  le p t os p i ra e  has been repor ted  

by several  i n v e s t i g a t o r s  as between 24 and 68 hours (20,  9 ) .
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These r ep or ts  were based on r e s u l t s  obtained by observing  

changes in t u r b i d i t y  in f l u i d  c u l t u r e s .  Cox and Larson (12)  

developed a s o l i d  agar medium f o r  growing le p t o s p i r a e  which 

per mi t t ed  growth o f  the organisms to be determined by the  

p l a t e  count method. They obtained genera t ion t ime values 

of  from 6 to  24 hours depending on the c u l t u r e  medium ( 3 6 ) .

The discrepancy between these values and those o f  previous  

rep or ts  was suggested to be due to the p o s s i b i l i t y  t h a t  

t u r b i d i m e t r i c  eva l ua t ion s  could only be performed during 

the d e c l i n i n g  phase o f  growth,  the number of  l ep tosp i rae  

being too few during the loga r i thm ic  phase f o r  t u r b i d i m e t r i c  

e v a l u a t i o n .

The enzymes or enzyme systems operat ing in lep tos p i ra e  

have been subjected to  only l i m i t e d  i n v e s t i g a t i o n .  Czekalowski  

and coworkers (13)  repor ted t h a t  ca ta las e  was not present  

and peroxide format ion coufd not be observed.  Tetramethyl  

para-phenyIenediamine was added to  areas o f  dense le p t o s p i r a l  

growth in a semi s o l i d  medium. The format ion o f  a dark blue 

co lo r  over the areas o f  growth,  ind ica t ing  the format ion of  

indophenoIoxidase,  demonstrated the presence of  b a c t e r i a l  

oxidase.  This  same r ea c t i on  is obtained with colonies o f  

l e p t o s p i ra e  ( 2 3 ) .  Leptospi rae  were found to be s e n s i t i v e  to 

cyanide and the authors concluded t h a t  a cytochrome system 

was probably present .

Fu l ton  and Spooner (20 )  also noted the i n h i b i t o r y  

e f f e c t  o f  cyanide and also t h a t  of  az ide .  Spectroscopic  

examinat ion of  suspensions of  le p t os p i ra e  showed adsorpt ion  

bands a t  550 mm and 525 mm corresponding to the bands of
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cytochrome c.  On shaking in a i r  the bands disappeared but  

reappeared upon standing.  M/lO cyanide prevented the d i s ­

appearance o f  the adsorpt ion bands i n d i c a t i n g  t h a t  cytochrome 

oxidase was o p e r a t i v e .  Other enzyme i n h i b i t o r s  which were 

a c t i v e  in i n h i b i t i n g  r e s p i r a t i o n  of  c e l l  suspensions were 

a r s e n i t e ,  urethane and iodoaceta te .  Arsenate,  pyrophosphate,  

malonate and f l u o r i d e  were not i n h i b i t o r y .  On the basis o f  

these s tud ies  i t  was suggested t h a t  enzymes conta in ing s u l f -  

hydryl  groups were a c t i v e .

Recent ly  the i ron requirements of  l e p t os p i ra e  have 

been studied ( 1 7 ) .  Growth did not occur in the absence o f  

i r o n .  When FeCI^ or hematin was added growth occurred,  but 

at  a slower r a t e  than when hemoglobin or hemoglobin d e r i v a t i v e s  

were added. I t  was concluded t h a t  i ron was needed to form 

e s se nt i a l  porphyr in -conta ing  compounds. The a d d i t io n  o f  

hemoglobin to l e p t o s p i r a l  c u l t u r e  media as a source o f  

prophyr in compounds had been suggested by e a r l i e r  workers 

( 1 4 ) .
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MATERIALS AND METHODS

A. V i r u l e n c e  Stud ies

Four s t r a i n s  of  L . pomona were used in these s t ud ie s .  

S t r a i n  W was o r i g i n a l l y  i s o l a t e d  from the ur ine o f  an in ­

f e c t e d  cow and had been maintained in a v i r u l e n t  s t a t e  by 

continuous passage in young guinea p i g s . This s t r a i n  was 

i n f e c t i v e  f o r  sheep ( 4 7 ) ,  swine ( 4 4 ) ,  c a t t l e  ( 4 3 ) ,  goats 

(45)  and dogs ( 1 0 ) .  I t  was i n f e c t i v e  but not le tha l  f o r  

hamsters ( 4 ) .  S t r a i n  IW was a v a r i a n t  o f  s t r a i n  W. The 

v a r i a t i o n s  occurred when s t r a i n  W was inocculated into  lambs 

and c u l t u r e d  from these animals during Iep tos p i re mia .  A f t e r  

3 to 4 t r a n s f e r s  of  the organisms in c u l t u r e  media they  

became le th a l  f o r  hamsters ( 4 ) .  Since i t s  i s o l a t i o n  two 

years ago, t h i s  s t r a i n  has been maintained in c u l t u r e  with  

a passage through hamsters a f t e r  every 10 to 15 c u l t u r e  t r a n s ­

f e r s .  No change in i t s  le th a l  p r o p e r t ie s  f o r  hamsters has 

been observed.  S t r a i n  LB was a hamster le tha l  v a r i a n t  of  

a s t r a i n  of  J_. pomona is o la t e d  from c a t t l e .  This v a r ia n t  

was produced in the same manner as s t r a i n  LW. S t r a i n  J was 

a non pathogenic s t r a i n  which has been maintained f o r  5 years  

In c u l t u r e .

Large volumes of  l e p t o s p i r a l  c u l tu re s  were obtained  

in the f o l l o w in g  manner. To one l i t e r  screw cap b o t t l e s  

was added 450 ml o f  s t e r i l e  S t u a r t ‘ s medium (63 )  conta ining  

10 per cent  s t e r i l e  r a b b i t  serum. The inoculum consisted  

of  2 ml of  a 3 to 5 day old c u l t u r e .  The c u l tu re s  were i n ­

cubated at  29°C and observed d a i l y  f o r  evidence of  t u r b i d i t y .



13

Leptospi rae  were c o l l e c t e d  from the c u l t u r e s  when 

maximum t u r b i d i t y  had been a t t a i n e d .  The organisms were 

removed from the c u l t u r e s  by c e n t r i f u g a t i o n  in a Lourdes 

model AX c e n t r i f u g e  at  12,000 RPM f o r  30 minutes.  The c e l l s  

were then washed thre e  t imes and resuspended to the desi red  

volume in s a l i n e  s o l u t i o n .

To obta in  large volumes o f  l e p t o s p i r a l  hemolysin the  

c u l t u r e s  were incubated f o r  2 to  3 days a f t e r  maximum t u r b i d i t y  

had occurred.  They were then placed in the r e f r i g e r a t o r  or  

f ro ze n  u n t i l  ready f o r  use. At t h i s  t ime they were f i l t e r e d  

in a S e i t z  f i l t e r  f i t t e d  with a Hercules ST-I  s t e r i l i z i n g  

f i l t e r  d is c .  The f i l t r a t e s  were stored at  4°C or f ro ze n .

Fol lowing incubat ion a l l  cu l tur es  were t es t ed  fo r  

s t e r i l i t y  by microscopic examination and in o c u la t io n  of  

t h i o g l y c o l l a t e  broth ( D i f c o ) .

T i t r a t i o n s  of  hemolysin were made by two f o l d  s e r i a l  

d i l u t i o n s  o f  c u l t u r e  supernates in s a l i n e  s o l u t i o n ,  with a 

f i n a l  volume o f  0 . 5  ml. An equal volume of  a 2 per cent  

suspension o f  washed sheep red blood c e l l  was added and the  

t e s t s  incubated f o r  3 hours at  37°C and 12 to  15 hours at  

4°C.  The r ec ip ro c a l  of  the highest  d i l u t i o n  o f  hemolysin 

producing observable hemolysis was designated the number of  

un i ts  o f  hemolysin (HU) per ml.

Red blood c e l l s  (RBC) were obtained from sheep, cows 

and guinea pigs and placed in an equal volume o f  A l s e r v e r ' s  

s o lu t i o n  ( 4 0 ) .  Such pr epa ra t ions  were stored in the r e ­

f r i g e r a t o r  f o r  p e r i o d s  o f  up to 10 days, a f t e r  which they 

were discarded.  RBC were prepared f o r  hemolyt ic t e s t s  by
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washing th r e e  t imes and resuspending in s a l i n e  s o lu t i o n  or 

phosphate buf fered s a l i n e  s o lu t i o n  pH 7 . 3  to make a 2 per  

cent suspension.  A f t e r  4 days these prepa ra t io ns  were d i s ­

carded.

The animals used f o r  experimental  work were 4 to 6 

week old hamsters,  4 to 7 week old guinea pigs and lambs 

from b i r t h  to 3 months o f  age. Al l  animals were known to be

f r e e  o f  l e p t o s p i r a l  serum ant ibod ies  unless otherwise s t a t e d .

The presence o f  serum a nt ib o d i e s  was determined by a micro-  

scropic a g g l u t i n a t i o n  t e s t  p reviously  described (47)  in which 

10 f o l d  s e r i a l  d i l u t i o n s  o f  serum were made in s a l in e  solu­

t i o n  in a t o t a l  volume of  0.1 ml. A 0 . I ml volume o f  a 3

to 5 day c u l t u r e  of  s t r a i n  J was added to each tube.  A f te r  

incubat ion f o r  2 hours a t  37°C» the contents o f  each tube  

were deposi ted on a s l i d e  and the amount of  a g g l u t i n a t i o n  

determined by microscopic examinat ion.

Hemolysin i n h i b i t i o n  t e s t s  were performed by making 

2 f o I d  s e r i a l  d i l u t i o n s  of  serum in s a l i n e  s o l u t io n  in a 

f i n a l  volume of  0.5  ml to which was added 0.5  ml c f  a d i l u ­

t i o n  o f  hemolysin conta in ing approximate Iy 50 un i ts  of  

hemolysin per ml.  The mixtures were incubated a t  37°C f o r  

30 minutes a f t e r  which 0.5  ml of  a 2 per cent suspension of  

sheep RBC was added. The t e s t s  were then incubated at  37°C 

f o r  3 hours and 12 to 15 hours at 4°C. The highest  d i l u t i o n  

of  i n h i b i t o r  which prevented hemolysis was designated the 

i n h i b i t i o n  t i t e r .

Hemoglobin values were obtained by the CyanmethemogI obin 

method ( 5 9 ) .  Hematocr i t  determinat ions were made in the
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standard manner (59.  Blood chemistry de terminat ions  o f  

hamsters were made using micro-methods as o u t l i n e d  by Natelson  

( 4 9 ) .  D i f f e r e n t i a l  leucocyte counts were determined using 

standard hematological  procedures ( 5 9 ) .  The number o f  

l e p t o s p i ra e  in the plasma o f  hamsters and lambs was est imated  

by microscopic examinat ion.  Pro t e i n  de terminat ions  were 

performed by the method o f  Lowry ( 3 8 ) .

B. C i t r i c  Acid Cycle Enzymes

Determining i f  c i t r i c  acid cycle enzymes were present  

was suggested by the f a c t  t h a t  lep t osp i ra e  u t i l i z e  oxygen and 

possess a cytochrome system, plus the evidence t h a t  phospho­

l i p i d s  are metabol ized and the possible  i d e n t i t y  of  the 

hemolysin with a phosphoI ipase.  Such a study of  the t e r m i ­

nal r e s p i r a t i o n  of  lep tosp i rae  was made by the fo l l owi ng  

procedure.

The method used f o r  obtain ing c u l t ur es  of  l ep tosp i rae  

in large volumes has been described in Sect ion A of M a t e r i a l s  

and Methods, The medium was inoculated with 2 ml o f  an 

a c t i v e l y  growing c u l t u r e  of  L_. pomona s t r a i n  LW. A f t e r  in­

cubat ion at  3CfC for  5 to 8 days the cu l tur es  were tested  

f o r  contaminat ion by in o c u la t io n  of  th i og Iy c o I  I ate broth 

( D i f c o )  and by microscopic examinat ion.  Any r e s u l t s  obtained  

using c u l t u r e s ,  subsequently shown to be contaminated,  were 

discarded.  Leptospi rae  were c o l l e c t e d  from the c u l t u r e s  by 

c e n t r i f u g a t i o n  at  12,000 RPM fo r  30 minutes.  Throughout  

c e n t r i f u g a t i o n  and subsequent procedures the organisms were 

maintained at  0 to 4°C.  The packed c e l l s  were washed three
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t imes and resuspended in d i l u e n t  to 1/100 the o r i g i n a l  c u l ­

tu r e  volume. The d i l u e n t  used f o r  determinat ions  of  a c t i v i t y  

of  dehydrogenases was 0 . I5 M  NaCI . For assaying aconi tase  

and fumarase the d i l u e n t  was a buf fered s o lu t i o n  o f  c i t r a t e  

or fumara te ,  r e s p e c t i v e l y .  The concentrated c e l l  suspensions 

were t r e a t e d  f o r  15 minutes in a 10 Kc Raytheon sonic o s c i l l a ­

t o r  and kept at  0 to 4°C u n t i l  ready f o r  use. This d isrupted  

c e l l  suspension c o n s t i t u t e d  the enzyme pr e p a r a t i o n .

I s o c i t r i c  dehydrogenase a c t i v i t y  was assayed by the  

method of  Horecker and Kornberg ( 2 9 ) .  The re a c t io n  mixture  

contained 0 . 2  ml of  0.5M Phosphate buf fe r  pH 7 . 0 ,  0.1 ml o f  

O.IM MgCI2 , 0 .0 2  ml o f  0.025M TPN, 0.1 ml of  0 .005  M d - l  

i s o c i t r a t e ,  0.1 ml enzyme and H20 to a volume of  3 .0  ml.

The reduct ion o f  TPN was fol lowed in a Beckman DU Spectro­

photometer at  34-0 mu.

Mal ic  dehydrogenase was assayed by the method described  

by Mehler et  aj^. ( 4 1 ) .  The conversion o f  o x a la c e t a t e  to  

malate was fol lowed by the o x id a t io n  o f  DPNH to DPN at  340 

mu. The cuvet tes  contained 0 . 3  ml of  0 . 25  M g I y c y I g I y c i n e  

b u f f e r ,  pH 7 . 4 ,  0.1 ml of  0 .0015 M DPNH, 0.1 ml of  0 .0076 M 

o x a l a c e t a t e ,  pH 7 . 4 ,  0.1 ml of  enzyme and 2 . 4  ml H20 .

Succinic dehydrogenase a c t i v i t y  was measured by the  

reduct ion of  the dye, d ich IorophenoI indophenoI . The re a c t io n  

was fo l lowed by observing the change in o p t ic a l  densi ty  mea­

sured at  600 mu. I n h i b i t i o n  of  the hydrogen t r a n sp o r t  system 

was achieved by the a d d i t i o n  of  cyanide.  The reac t ion  vessel  

contained 0 . 2  ml of  0.2M sodium succ inate,  0 . 3  ml o f  0 . I M 

h i s t i d i n e  b u f f e r ,  pH 6 . 5 ,  0 .25  ml of  0 . I M KCN, 0.1 ml of
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0 .0 5  M SO^, 0 .2  ml o f  enzyme, 0 .2  ml of  d ich Io rop hen o I ind o -

phenoI and HgO to  5 m l .

Measurement o f  fumarase a c t i v i t y  was accomplished by

the decreased o p t ic a l  dens i ty  at  300 mu occurr ing as malate

is  formed from fumarate ( 5 2 ) .  One tenth  ml of  .0 I7M sodium 

fumara te ,  0.1 ml o f  phosphate b u f f e r ,  pH 7.3» 0 .5  ml of  

enzyme and 0 . 5  ml of  H2O were added to the cuv et te .

A s i m i l a r  procedure described by Racker (52)  was 

employed f o r  assaying aconi tase a c t i v i t y .  The increase in 

o p t i c a l  dens i ty  a t  240 mu was measured as a c o n i ta t e  was formed 

from c i t r a t e .  The re a c t io n  mixture contained 1.0 ml of  0.3M 

sodium c i t r a t e ,  1.0 ml of  .05M phosphate b u f f e r ,  pH 7 . 4 ,  0 . 5  

ml o f  enzyme and 0 .5  ml of  H2O.

Pr ot e in  was est imated by the r a t i o  of  o p t ic a l  densi ty  

at  280 mu to t h a t  at  260 mu as described by Warburg and 

C h r i s t i a n  ( 6 8 ) .



18

RESULTS

A. V i r u l e n c e  Studies

The f i r s t  experiments were designed to determine i f  

a t o x i c  substance could be obtained from concentrated c e l l  

suspensions o f  L.  pomona. Washed c e l l s ,  s t r a i n s  LW and LB, 

were resuspended to l / lOO the o r i g f n a l  c u l t u r e  volume. They 

were then disrupted by t reatment  f o r  15 minutes in a Raytheon 

lOkc water-cockled,  sonic o s c i l l a t o r .  I n t r a p e r i t o n e a l  inocula ­

t i o n  o f  hamsters wi th up to 2 ml of  t h i s  sonic e x t r a c t  (SE) 

produced no observable signs o f  i l l n e s s .  The animals were 

s a c r i f i c e d  and observed f o r  gross patho logica l  changes. No 

les ions were observed.

SE pr epa ra t ions  of  s t r a i n  LW were then t es t ed  f o r  

t h e i r  a b i l i t y  to produce a skin re a c t io n  f o l l ow in g  in t ra d e rn a l  

i n o c u l a t i o n .  Shaved areas on 3 hamsters and 3 guinea pigs  

were in j e c t e d  int radermaI  Iy wi th 0 . 1 ,  0 . 2  and 0 . 3  ml o f  SE.

No r e a c t i o n  was observed over a 72 hour per iod in e i t h e r  

hamsters or guinea p igs.

The next  approach to  the problem was to compare the  

hematological  changes in hamsters in fec ted  with whole c e l l s  

with those re c e i v in g  c e l l  e x t r a c t s .  Two groups o f  hamsters 

were employed in t h i s  exper iment .  Group I consisted of  25 

animals,  17 o f  which were inoculated i n t r a p e r i t o n e a I  Iy with

1.0 ml o f  a 7 day old c u l t u r e  of  s t r a i n  LW. Eight  animals  

served as c on t ro ls  and received 1.0 ml of  s t e r i l e  c u l t u r e  

medium. At 28 and 48 hours a f t e r  i no c u l a t i on  3 hamsters
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were s a c r i f i c e d  and a blood sample obta ined .  At each of  

these t imes one control  hamster was also s a c r i f i c e d .  At 72 

hours 5 animals were moribund and were s a c r i f i c e d  with 2 

contro l  hamsters.  Ninety s ix  hours a f t e r  in o c u la t io n  blood 

samples were obtained from a l l  remaining hamsters.

Group I I  contained 9 hamsters,  6 rec e iv in g  an i n t r a -  

c a r d i a l  in o c u l a t i o n  of  1.0 ml o f  SE and 3 given 1.0 ml of  

s t e r i l e  s a l i n e  by the same route .  Four hours l a t e r  3 hamsters 

and I control  were s a c r i f i c e d  and a blood sample obtained.

The remaining animals were s a c r i f i c e d  at  18 hours.  No over t  

signs o f  i l l n e s s  were observed in t h i s  group. Twelve apparent ly  

normal hamsters were used to determine normal hematological  

vaIues .

The changes observed in the blood chemistry values  

and d i f f e r e n t i a l  leukocyte de terminat ions  are presented in 

Table I .  In fe c te d  hamsters remained normal throughout the  

f i r s t  48 hours a f t e r  in o c u l a t i o n .  At 72 hours the obvious 

i l l n e s s  of  the animals was r e f l e c t e d  in the blood p i c t u r e .

Urea values were increased as much as 15 f o l d ,  b i l i r u b i n  

l e v e l s  were increased,  whi le  a decrease in hemoglobin and 

hematocr i t  readings was observed.  D i f f e r e n t i a l  leukocyte  

determinat ions  ind ica ted  an increase in the percentage of  

poIymorphonucI ear leukocytes (PMN) and a corresponding de­

crease in lymphocytes. At 96 hours the blood p i c t u r e  was 

s i m i l a r  except t h a t  b i l i r u b i n  levels  were increased whi le  

urea va lues,  al though abnormal,  had decreased. Hematological  

values of  control  animals remained w i th i n  normal l i m i t s  dur­

ing the exper iment .
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The blood chemistry values of  Group I I  hamsters r e ­

mained e s s e n t i a l l y  normal.  D i f f e r e n t i a l  leukocyte determina­

t i o n s  demonstrated increased numbers o f  PMN and fewer lympho­

cy tes .  Control  animals in t h i s  group remained normal.

No i n d i c a t i o n  having been found t h a t  a t o x i c  substance  

was present  in e x t r a c t s  of  L.  pomona, the p o s s i b i l i t y  th a t  

an aggressive agent was present  in the e x t r a c t  was i n v e s t i ­

gated.  An experiment was performed to determine i f  e x t r a c t s  

of  the hamster le th a l  s t r a i n  LW could e f f e c t  the pa t hogenic i ty  

of  s t r a i n  W. Two hamsters were inoculated i n t r a p e r i t o n e a I  Iy 

with 1.0 ml of  a c u l t u r e  of  s t r a i n  W. Two animals were s imi ­

l a r l y  i n j e c t e d  wi th 1.0 ml of  SE of  s t r a i n  LW and 2 hamsters 

rece ived 1.0 ml o f  a mixture of  equal volumes of  s t r a i n  W 

c u l t u r e  and SE of  s t r a i n  LW. The animals were observed fo r  

2 weeks wi thout  any appearance o f  i l l n e s s .  No lesions were 

observed in any o f  the 6 animals when s a c r i f i c e d .

F a i l i n g  to f i n d  any evidence th a t  e x t r a c ts  of  L. pomona 

contained a t o x in  or aggressive agent ,  a t t e n t i o n  was turned to  

the  hemolysin found in the supernates of  l e p t o s p i ra l  c u l t u r e s .

To a s c e r t a i n  what r o l e  the hemolysin might play in 

l e p t o s p i r o s i s  i t  seemed advisab le  to  f i r s t  f i n d  a method by 

which t h i s  substance could be separated from c u l t u r e  supernates  

and then concent rated.  The thermal i n s t a b i l i t y  and n o n - d ia l y s -  

a b i l i t y  of  the  hemolysin suggested t h a t  i t  might o f  of  a pro­

t e i n  n a tu r e .  There fore ammonium s u l f a t e  from a weighed con­

t a i n e r  was added to 30 ml of  a c u l t u r e  supernate of  s t r a i n  

LW. When a p r e c i p i t a t e  formed,  the amount of  s a l t  added was 

determined by the d i f f e r e n c e  in weight of  the s a l t  co n ta in e r .
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A f t e r  standing 15 minutes a t  4°C the p r e c i p i t a t e  was removed 

by c e n t r i f u g a t i o n  a t  10,000 RPM f o r  i5 minutes.  The super-  

natent  f l u i d  was removed f o r  f u r t h e r  e x t r a c t i o n  and the s ed i ­

ment resuspended to  the o r i g i n a l  volume in s a l i n e .  This pro­

cedure was cont inued u n t i l  100 per cent s a t u r a t i o n  of  ammonium 

s u l f a t e  was reached.  The 12 r e s u l t i n g  f r a c t i o n s  were tested  

f o r  hemolyt ic  a c t i v i t y  aga inst  sheep RBC. As a control  of  

the i s o t o n i c i t y  o f  the f r a c t i o n s ,  they were a lso t i t r a t e d  

aga inst  guinea pig RBC. In t a b l e  2 the r e s u l t s  of  the t e s t s  

are presented.  Al l  of  the hemolyt ic a c t i v i t y  was present  

in the p r e c i p i t a t e s  formed at  Bl and 35 per cent s a t u r a t i o n .

No hemolysis in the control  tubes was observed.

This procedure was then app l ied to large volumes of  

c u l t u r e  f i l t r a t e s  as f o l lo w s :  c u l t u r e  f i l t r a t e s  were brought

to 36 per cent s a t u r a t io n  with ammonium s u l f a t e  and l e f t  

standing at  4°C f o r  6 to 12 hours.  The p r e c i p i t a t e  was r e ­

moved by c e n t r i f u g a t i o n  at  10,000 RPM f o r  15 minutes.  The 

p r e c i p i t a t e  was resuspended to about l / 20th the o r i g i n a l  

volume in s a l i n e  or buf fered s a l i n e  pH 7 . 3 .  The r e s u l t i n g  

pa le  ye l low s o lu t i o n  was then dia lysed wi th d i s t i l l e d  water  

f o r  2 hours and against  s a l i n e  o f  buf fered s a l i n e  f o r  12 

hours.  The d i a l y s a t e  was examined f o r  the presence o f  s u l ­

f a t e  ions by the a d d i t i o n  of  a few drops of  a 10 per cent  

s o l u t i o n  o f  barium c h l o r i d e ,  the format ion of  a whiTe p r e c i ­

p i t a t e  o f  barium s u l f a t e  i n d i c a t i n g  incomplete d i a l y s i s .  

Fol lowing complete d i a l y s i s  the prepa ra t ion  was stored e i t h e r  

at  4°C or f rozen  at  - 20°C.

In the f i r s t  experiment to determine the t o x i c i t y  of
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the hemolysin,  2 lambs o f  about 2 weeks of  age and weighing 

8 to  9 kgm, were used. Lamb 771 received an int ravenous  

i n o c u l a t i o n  of  20 ml o f  hemolysin conta in ing a t o t a l  of

80 ,000  HU. Lamb 800 was in j e c te d  with 20 ml of  s t e r i l e  

s a l i n e .  The e f f e c t  o f  the hemolysin can be asce r ta ine d  f r om  

the r e s u l t s  presented in Table 3. Hemoglobin values and 

hematocr i t  readings o f  lamb 771 dropped r a p i d l y  a f t e r  10 

hours.  During the  f i r s t  20 hours a f t e r  in o c u la t io n  the a n i ­

mal showed no over t  signs of  i l l n e s s .  At 26 hours the lamb 

was unable to  stand,  excreted a dark red colored ur ine and 

disp layed  a marked i c t e r u s  of  the mucous membranes. The 

animal was comitose a t  29 hours and died 30 hours a f t e r  inocu­

l a t i o n .  The hemolyt ic  anemia was f u r t h e r  manifested by the  

red t inge d  appearance of  the plasma from 10 hours u n t i l  death.  

Control  lamb 800 remained e s s e n t i a l l y  normal throughout the  

exper iment .  ,

A more ex tens ive appraisal  of  the jjn vi vo ac t ion  of  

the hemolysin was undertaken in the next exper iment.  Six  

lambs of  2 to  3 weeks of  age were selected fo r  study.  The ir  

weights ranged from 10 to 15 kgms. A l l  lambs were f r e e  of  

l e p t o s p i r a l  ant ibodfes except lamb 32 which had an ant ibody  

t i t e r  of  I 0"5  due to  passive immunization from colostrum of  

i t s  dam. Lamb 24 served as a control  and received 30 ml of  

a concentrated c u l t u r e  supernate o f  s t r a i n  J .  No hemolyt ic  

a c t i v i t y  was de te c ta b l e  in t h i s  p r e p a r a t i o n .  Lamb 20 re ­

ceived 12 ml of  washed c e l l s  s t r a i n  LW. Lambs 25, 28, 29 

and 32 received var ious dosages of  hemolysin.  Al l  i n j e c t i o n s  

were made i n t ra v e n ou s ly .  Table 4 summarizes the data from 

t h i s  study.
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Animal 25 received the la rgest  dose o f  hemolysin and 

developed an acute hemolyt ic  anemia evidenced by a drop in 

hemoglobin o f  about 60 per cent in 31 hours.  Weakness, 

hemoglobinur ia  and i c t e r u s  were observed.  The animal was 

unconscious a t  31 hours and was s a c r i f i c e d .  Lambs 28 and 

29 rece ived smal ler  doses o f  hemolysin and the extent  of  the  

r e s u l t i n g  anemia was correspondingly less severe.  Hemoglobin 

and hematocr i t  values decreased up to  73 hours a f t e r  inocula ­

t i o n .  Hemoglobin losses of  from 30 to  50 per cent were noted.  

The animals were pa l e ,  t h e i r  plasma was a dark ye l low  color  

and anorexia and dyspnea were noted.  Lamb 32 received a 

l e th a l  dose of  hemolysin but except f o r  a 6 per cent decrease  

in hemoglobin and a reduced hematocr i t  reading at  24 hours,  

no evidence of  anemia was observed.  Control  lamb 24 showed 

a s l i g h t  drop in hemoglobin and hematocr i t  l e v e ls  but plasma 

samples were not i c t e r i c  nor did the animal show observable  

signs o f  i l l n e s s .  Lamb 20 received washed le p to sp i ra e  and 

a f t e r  an incubat ion per iod o f  4 days became weak and i c t e r i c .  

Hemoglobin and hematocr i t  l ev e l s  decreased 65 per cent .  Washed 

RBC from t h i s  animal lysed r a p i d l y  at  37°C. A f t e r  6 days the  

animal was comitose and the temperature was sub-normal .  The 

animal was s a c r i f i c e d  at  t h i s  t ime .  The r e l a t i o n s h i p  between 

the  course of  the anemia, the number of  organisms in the  

plasma samples and the appearance of  ant ibody in lamb 20 is  

shown in F igur e  I .  Hemoglobin values decreased from the  

second day a f t e r  in o c u l a t i o n  through the f o u r t h  day at  a 

r e l a t i v e l y  constant  r a t e .  During t h i s  same t ime the number 

of  l e p t o s p i ra e  in the plasma increased to 10^ per ml.  Antibody
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could be de tected on the t h i r d  day and increased to a t i t e r  

of  10*4 on day 5  ̂ At days the number o f  l e p t os p i ra e  de­

creased and the r a t e  o f  hemolysis was s l i g h t l y  increased.

Lambs 771» 24,  25* 29 and 20 were submitted to gross 

and microscopic pa t ho log ica l  examinat ion.  In lambs r e c e i v ­

ing hemolysin the gross changes were repor ted as consist ing  

of  g e n e ra l i ze d  i c t e r u s  wi th the l i v e r ,  mucous membranes and 

skin being most markedly a f f e c t e d .  The l i v e r s  were f r i a b l e  

and swol len .  Approximately 10 pe tech ia l  hemorrhages were 

observed on each k idney .  The ur ina ry  bladder of  lambs 771 

and 25 was f i l l e d  with dark red u r i ne .

Microscopic les ions consisted o f  areas o f  c e n t r i I o b u I a r  

necros is  in many par ts  of  the l i v e r .  The hepat ic  cords were 

disrup ted  in the  per iph era l  por t ions  o f  the a f f e c t e d  areas.

In the kidney th e r e  were numerous pyknot ic nuclei  in the  

proximal  and d i s t a l  convoluted tubu les .  Many tubules  con­

ta ined  a homogenous red s t a i n i n g  m a t e r i a l .  The spleen was 

markedly congested.  No lesions were observed in the b r a i n ,  

h e a r t ,  adrenal  gland or s k e l e t a l  muscle of  any of  these a n i ­

mals.

The lamb k i l l e d  during the acute stage of  the l e p t os p i r a l  

i n f e c t i o n  showed grossly a s l i g h t  i c te r u s  with the l i v e r  appear­

ing copper colored and s l i g h t l y  f r i a b l e .  The kidneys were 

markedly pa le  with numerous petech ia l  hemorrhages. The spleen 

was swol len and congested.

M ic ro s c o p i c a l l y  the lesions were s i m i l a r  to those 

observed in the lambs given hemolysin wi th the fo l l ow in g  

except ions .  The a f f e c t e d  areas of  the l i v e r  were not as
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exte ns ive  and th e r e  appeared to be an increased number o f  

lymphocytes in the  i n t e r t u b u l a r  areas in the kidney.

No gross or microscopic lesions were observed in the  

contro l  lamb.

To f u r t h e r  a s c e r t a i n  the r o l e  played by the hemolysin 

in l e p t o s p i r a l  i n f e c t i o n s  and to  determine i f  the hemolysin 

was immunogenic, 5 lambs weighing 15 to  25 kgm were given 3 

s u b - le t h a l  doses o f  hemolysin over an 18 day per iod .  One 

lamb, number 29 , had recovered from a sub - le th a l  dose of  

hemolysin in the experiment previous ly  descr ibed.

The i n j e c t i o n  schedule was as f o l l o w s :  5 ,000  HU on

day I ,  1,000 HU on day 5 , and 20,000 HU on day 18. A f te r  

the f i r s t  i n j e c t i o n  a mild anaphy lact ic  re a c t io n  was observed 

in lamb 29 hut not a f t e r  any of  the subsequent in o c u l a t i o n s .  

T h i r t y  to 40 hours a f t e r  the l a s t  i n j e c t i o n  one of  the lambs 

die d .  Examinat ion of  the cadaver revealed extensive ic te r u s  

o f  the l i v e r ,  skin and mucous membranes and petech ia l  hemor­

rhages on the k idney.

Serum samples taken from the lambs during the se r ie s  

of  hemolysin i n j e c t i o n s  were tested f o r  hemolysin i n h i b i t i o n  

t i t e r s  ( H I )  and a g g l u t i n a t i n g  ant ibody t i t e r s  (AB).  No i n ­

crease was observed in HI t i t e r s  nor were AB t i t e r s  observed 

except in lamb 29. This animat demonstrated an increase o f  

HI t i t e r  o f  from 8 to 64 and an AB t i t e r  of  10“ * fo l lo wi n g  

the  las t  i n j e c t i o n .

Three o f  the 4 lambs which had received hemolysin 

i n j e c t i o n s  were chal lenged with s t r a i n  LW. A control  lamb 

23 which had not received hemolysin ino cu la t ions  was also
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i nocula ted wi th t h i s  s t r a i n .  The cha l lenging dose consisted  

of  an int ravenous  i n o c u l a t i o n  o f  10 ml o f  washed c e l l s .  About 

10^ organisms per ml were contained in the inoculum. The r e ­

maining lamb which had received small doses of  hemolysin was 

chal lenged wi th 10,000 HU/kgm o f  hemolysin.

Fol lowing cha l lenge  the hemoglobin values,  temperature,  

and serum ant ibody t i t e r s  were determined at  p e r io d ic  i n t e r ­

v a l s .  These values are summarized in Table 5. Lamb 29 which 

had an AB t i t e r  at  the t ime o f  chal lenge showed l i t t l e  change 

in hemoglobin values.  Lambs 31 and 40 demonstrated a de­

crease in hemoglobin levels  which terminated with the appearance 

of  ant ibody .  No organisms could be observed in the plasma of  

these animals at  41 hours a f t e r  in o c u la t io n  or at  any t ime  

t h e r e a f t e r .  Lamb 22 which was chal lenged with hemolysin 

developed only a minimal loss o f  hemoglobin which terminated  

with the presence o f  ant ibody.

Lamb 23 developed an acute case of  l e p t o s p i r o s i s .  An 

abbrev ia ted  incubat ion per iod o f  about 1̂  days with a p e r s i s ­

t e n t  f e b r i l e  response was noted.  A loss o f  70 per cent of  

the hemoglobin occurred during a per iod o f  3 days. Hemo­

g l o b i n u r i a  was observed a t  96 through 120 hours a f t e r  inocula­

t i o n  and the animal was weak and i c t e r i c .  A gradual recovery  

s t a r t e d  on the s ix th  day. The hemoglobin changes, the number 

of  organisms in the plasma and the appearance of  ant ibody  

in t h i s  lamb are shown in F igure  2.

Because lambs 29 and 22 developed an AB t i t e r  a f t e r  

r e c e i v in g  only hemolysin i n j e c t i o n s ,  i t  was of  i n t e r e s t  to  

determine i f  the hemolysin or another le p t o s p i r a l  ant igen in
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the p r e p a r a t io n  was the a n t i g e n i c  s t imulus .  Therefore  a 

3 week-old lamb was given a s e r ie s  of  int ravenous inocula­

t i o n s  o f  10 ml o f  concentrated c u l t u r e  f i l t r a t e s  o f  s t r a i n  

J.  No hemolyt ic  a c t i v i t y  could be detected in t h i s  m a t e r i a l .  

A f t e r  3 i n j e c t i o n s  a t  7 day i n t e r v a l s  t h i s  animal had an AB 

t i t e r  o f  10- 5 . f h e lamb was then chal lenged with 15*000 

HU/kgm o f  hemolysin.  A f t e r  5 hours the hemoglobin level  had 

decreased from 9 . 0  to 8 . 2 .  Twelve hours l a t e r  the animal  

was found dead. Examinat ion of  the cadaver revealed no 

evidence of  i c t e r u s .  The t is s u e s  were unsu i tab le  f o r  post  

mortem examinat ion.  The cause of  death was not determined 

but the lamb had had a diarhea and appeared bloated p r i o r  

to chaI Ienge.

The next i n v e s t i g a t i o n  was concenred with the appearance 

of  an i n h i b i t o r  o f  the hemolysin in normal sera.  Lamb 771 

was observed a t  b i r t h  and a blood sample was obtained before  

the lamb was al lowed to nurse.  Lamb 800 was bled w i th i n  30 

minutes a f t e r  rec e iv in g  colostrum. The HI t i t e r s  and AB 

t i t e r s  o f  both lambs were then determined f o r  a 48 hour 

p e r i o d .  The r e s u l t s  are presented in Table 6 . The serum of  

n e i t h e r  lamb was i n h i b i t o r y  at  b i r t h  but the HI t i t e r s  in ­

creased to 16 a f t e r  7 to  24 hours.  No a g g l u t i n a t i n g  a n t i ­

body could be de tected in e i t h e r  lamb.

In a s i m i l a r  exper iment ,  summarized in Table 6 , twin  

lambs 974 and 975 were taken at  b i r t h  and a blood sample 

obta ined .  Lamb 975 was then al lowed to nurse whereas lamb 

974 was kept from feeding f o r  2 hours before rece iv ing  

colostrum.  I t  can be seen from the t a b l e  t h a t  animal 974
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had an increase in HI t i t e r  during the 2 hour f a s t i n g  per iod .  

A f t e r  r e c e i v i n g  colostrum which contained a g g l u t i n a t i n g  a n t i ­

body both lambs developed increased HI and AB t i t e r s .  I t  

should a lso be noted t h a t  a cons is tent  c o r r e l a t i o n  between 

HI and AB t i t e r s  was not present .

Before any f u r t h e r  s tudies  could be c a r r i e d  out on 

the  nature and p r o p e r t i e s  of  the hemolysin i t  was necessary  

t o  develop an assay procedure which was more accurate  and rapid  

than the t i t r a t i o n  method. Previous observat ions had i n d i ­

cated t h a t  wi th low d i l u t i o n s  o f  hemolysin some hemolysis  

took place a f t e r  30 minutes at  37°C. A se r ie s  o f  d i l u t i o n s  

of  hemolysin were then prepared in a t o t a l  volume o f  6 ml 

and a f t e r  thermal  e q u i l i b r a t i o n ,  an equal volume of  a 2 per 

cent suspension o f  sheep RBC was added. A f t e r  incubat ion at  

37°C f o r  30 minutes the t e s t s  were placed in the r e f r i g e r a t o r  

( 4 ° c ) .  Three ml samples were withdrawn from the mixtures at  

i n t e r v a l s  and placed in matched cuv et tes .  The RBC were 

sedimented by c e n t r i f u g a t i o n  and the o p t ic a l  densi ty  o f  the  

supernate measured at  540 mu in a Bausch and Lomb Spectronic  

20 c o l o r i m e t e r .  The r a t e s  of  hemolysis are shown in Figure  

3. A f t e r  60 minutes a t  4°C the rates  appeared to be e s s e n t i ­

al ly l i n e a r  and t h i s  t ime was selected f o r  the assay procedure.  

The protocol  f o r  the procedure was as f o l lo w s :  The hemolysin

to be assayed was d i l u t e d  Is 10 and from t h i s  master d i l u t i o n  

a s e r i e s  o f  4 to 6 d i l u t i o n s  from 1:15 to 1:100 were made in 

a t o t a l  volume o f  1.5 cc in o p t i c a l l y  matched t e s t  tubes.

The d i l u t i o n s  and a 2 per cent suspension o f  sheep RBC were 

placed in a 37°C waterbath f o r  5 minutes to a l l ow f o r  thermal
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e q u i l i b r a t i o n .  A volume of  I . 5 ml o f  the RBC suspension was 

then added to  each tube and mixed w e l l .  The t e s t s  were in ­

cubated at  3 7 °C f o r  30 minutes wi th a g i t a t i o n  at  about 10 

minute i n t e r v a l s .  The tubes were then placed at  4°C f o r  60 

minutes.  Fol lowing incubat ion the tubes were ce nt r i f ug ed  

f o r  5 minutes at  1,500 RPM to sediment the i n t a c t  RBC and 

stroma. The o p t ic a l  dens i ty  o f  the supernates was recorded  

at  540 mu. With each t e s t  was included one tube conta in ing

1.5 ml RBC suspension and 1.5 ml o f  a saponin so lu t ion  and 

one tube wi th I . 5 ml s a l i n e  and an equal volume of  RBC sus­

pension.  The o p t ic a l  dens i ty  o f  the tube containing saponin 

was designated 100 per cent hemolysis.  The other  control  

tube served as a blank.  The o p t i c a l  densi ty  readings were 

converted to per cent hemolysis and p l o t t e d  aga inst  d i l u ­

t io n s  o f  hemolysin.  The rec iproca l  o f  the d i l u t i o n  of  hemolysin 

producing hemolysis o f  50 per cent of  the e ry throcytes  was 

designated as the number o f  hemolyt ic un i ts  (HU) per ml of  

hemoIysi n .

To determine i f  the procedure was t r u l y  q u a n t i t a t i v e ,  

varying amounts o f  hemolysin were placed in tubes and brought  

to a volume of  1.0 ml.  Each o f  these samples was then assayed 

f o r  hemolyt ic  a c t i v i t y .  The r e s u l t s  seen in F igure  4 ind icated  

th a t  the method was a t r u e  in d i c a t i o n  of  the amount o f  hemo­

ly s in  present .  The r e p r o d u c i b i l i t y  o f  the procedure as 

measured over a 10 day per iod with a concentrated c u l t u r e  

f i l t r a t e  is  summarized in Table 7. A comparison o f  the values  

obtained wi th the t i t r a t i o n  procedure and the new method 

(assay procedure I I )  is shown in Table 8.
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The r a t ( o s  o f  the t i t r a t i o n  method and procedure I I  

range from about 18 to  38 , g iv ing  some in d i c a t i o n  of  the 

e r r o r  in the  t i t r a t i o n  procedure.  The average r a t i o  between 

the  two methods was 28 which is a useful  f a c t o r  f o r  convert ­

ing r e s u l t s  obtained by one method to t h a t  o f  the o th er .  Al l  

subsequent studies  employed procedure I I  f o r  determining  

hemolyt ic  a c t i v i t y .

An accurate and c o m pa r i t i v e Iy  rap id  assay procedure 

now avai lab- fe ,  the degree o f  p u r i f i c a t i o n  o f  the hemolysin 

achieved by ammonium s u l f a t e  p r e c i p i t a t i o n  was examined.  

F u r t h e r  p u r i f i c a t i o n  was also attempted by s e l e c t i v e  adsorp­

t i o n  and e l u t i o n  from calcium phosphate gel ( 3 3 ) .  A large  

loss in a c t i v i t y  r esu l te d  with l i t t l e  or no observed p u r i f i ­

c a t i o n .  The highest  degree of  p u r i f i c a t i o n  was achieved by 

d i a l y s i n g  the p r e c i p i t a t e d  hemolysin against  d i s t i l l e d  water .  

A p r e c i p i t a t e  formed which was soluble  in s a l i n e .  The water  

in s o l u b l e  f r a c t i o n  had a s p e c i f i c  a c t i v i t y  2§- t imes tha t  of  

the water soluble  p o r t i o n ,  and 7^ t imes t h a t  o f  the o r i g i n a l  

c u l t u r e  f i l t r a t e .  The p u r i f i c a t i o n  can be fol lowed by the  

data presented in Table 9. The average y i e l d s  o f  hemolysin 

obtained by s a l t  p r e c i p i t a t i o n  were 30 to 35 per cent .  Fur­

t h e r  p u r i f i c a t i o n  r e s u l te d  in approximately a 15 per cent  

y i e l d .

An at tempt  was made to remove the hemolysin i n h i b i t o r  

present  in the r a b b i t  serum used f o r  growing the c e l l s .  Be­

cause phosphol ipids and cho les tero l  are normal hemolysin-  

i n h i b i t i n g  c o n s t i t u e n ts  of  serum, chloroform and ether  ex­

t r a c t i o n s  were performed.  Cu l ture  f i l t r a t e s  were shaken f o r



3 1

10 minutes wi th 2 volumes of  e x t r a c t a n t  and then the ex tracted  

phase removed in a seperatory f u n ne l .  Ammonium s u l f a t e  was 

added to 36 per cent s a t u r a t i o n  and the p r e c i p i t a t e  resuspended 

and d i a l ys ed  overnight  aga inst  s a l i n e .  D i l u t i o n s  of  the prepara  

t io n s  were made and a f t e r  a d d i t i o n  o f  an equal volume of  a 2 

per cent RBC suspension,  the t e s t s  were incubated f o r  30 minutes 

at  37°C.  The per cent hemolysis was then determined as pre­

v ious ly  descr ibed.  The r e s u l t s  are presented in Figure 3.

Only a s l i g h t  removal o f  i n h i b i t o r  was accomplished with ether  

and chloroform whi le no i n h i b i t o r  was removed by ammonium su l ­

f a t e  p r e c i p i t a t i o n .

Although i t  has been reported t h a t  fo l low in g  incubat ion  

at 37°C, incubat ion at  low temperatures is necessary f o r  com­

p l e t e  hemolysis ( 57 ) ,  no rep or t  has been made o f  the e f f e c t  

of  low temperatures on the r a t e  of  hemolysis.  There fore the  

ra t e s  of  hemolysis were examined during var ious i n t e r v a l s  of

incubat ion a t  37°C and 4°C. A 1:10 and a I ; ICO d i l u t i o n  o f  a

hemolysin pr ep ar a t i o n  which contained 60 Hll/ml were used.  

Examinat ion o f  F igure  6 shows t h a t  fo l lo w in g  incubat ion at  

37°C, a lower temperature increases considerably the hemolyt ic  

r a t e .  At the higher  d i l u t i o n  the length of  incubat ion at  37°C 

seems to e f f e c t  the degree of  hemolysis which w i l l  occur.

The next experiment concerned the e f f e c t  o f  l e p t o s p i r a l  

a n t i s e r a  on the course of  hemolysis.  L. pomona ant iserum  

(sheep)  wi th an AB t i t e r  of  10"^ was added to hemolysin at  

37°C,  5 minutes before the a d d i t io n  o f  RBC suspension,  s imul - .  

taneously wi th the RBC suspension and 5 minutes a f t e r  the RBC

suspension.  The f i n a l  re a c t io n  vessels contained 5 . 0  ml of
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hemolysin,  1.0 ml o f  ant iserum and 5 . 0  ml o f  RBC suspension.  

Samples were removed at  15 minute i n t e r v a l s  f o r  de terminat ions  

of  per cent hemolysis.  The r e s u l t s  as seen in F igure  7 i n d i ­

cate t h a t  the longer the ant i  serum was in contact  with the  

hemolysin before a d d i t i o n  of  e r y t h r o c y t e s ,  the grea ter  the  

i n h i b i t i o n  of  hemolysis.  Although not presented in the graph 

i t  should be noted t h a t  normal serum shows a s i m i l a r  i n h i b i t i o n  

but to a lesser  degree.

The next study was made to a s c e r t a in  whether the hemolysin 

is  adsorbed by the e ry throcytes  and i f  so, the s p e c i f i c i t y  of  

t h i s  r e a c t i o n .  Varying amounts o f  packed sheep and guinea pig 

e ry t h r o c y t e s  were added to 2.0  ml o f  a 1:8 d i l u t i o n  of  hemolysin 

conta ining 58 HU/ml. The mixtures were a g i t a te d  for  5 minutes  

in a 37°C waterbath.  The RBC and hemolysin were separated by 

c e n t r i f u g a t i o n  and the hemolyt ic a c t i v i t y  determined.  The 

e ry th r oc y te s  were washed twice  and resuspended to 1.0 ml in 

s a l i n e  and incubated at  37°C f o r  I hour and 2 hours at  4°C.

The r e s u l t s ,  summarized in Table 10, indicated  th a t  both 

species o f  RBC removed equal amounts of  hemolysin al though  

only the sheep RBC were lysed.  There was no apparent d i f f e r ­

ence in the amount of  hemolysin removed by the 3 d i f f e r e n t  

volumes o f  e ry t h r o c y t e s ,  in d i c a t i n g  th a t  under the condi t ions  

of  the experiment even 0 . 2  ml was an excess of  RBC.

Because guinea pig RBC removed amounts of  hemolysin 

equ iv a le n t  to the r e a c t i v e  sheep RBC, the p o s s i b i l i t y  t ha t  

the adsorpt ion was a physical  one ra t her  than a chemical  

combination was t e s t e d  by using po lystyrene la tex  spheres 

(Dow Chemical Co.)  as the adsorbent .  The spheres were
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examined m ic ro s c o p i c a l l y  and ranged in s ize  from a diameter

o f  about 5  to  12  j j  with an average diameter  of  6  t o  9  JJ.

They were,  t h e r e f o r e ,  approximately the same s ize  as e r y t h r o c y t e s .  

Hemolysin (2 ml)  and 0 . 5  ml and 1.0 ml of  spheres were incubated  

at  37°C f o r  5 minutes.  A f t e r  removing the spheres by c e n t r i f u ­

gat ion  the hemolyt ic  a c t i v i t y  of  the supernates was determined.  

Table 10 shows t h a t  1.0 ml of  spheres which represented a 

l a rger  sur face area than any of  the amounts of  e ry thr ocytes  

used, removed s l i g h t l y  less hemolysin than the RBC. The 0 . 5  

ml volume of  spheres was about one h a l f  as e f f e c t i v e  as 

e ry t h r o c y t e s  in removing hemolysin.

The p o s s i b i l i t y  t h a t  the hemolysin might be a phosphoIipase  

has been suggested ( 5 6 ) .  I f  t r u e ,  the hemolysin should reac t  with

a s a l i n e  e x t r a c t  of  egg yolk to produce a t u r b i d  suspension, the

l e c i t h o v i t e l I  in re a c t io n  ( 4 8 ) .  A 5 per cent suspension o f  egg 

yolk in s a l i n e  was prepared and c l a r i f i e d  and s t e r i l i z e d  by 

passing through a S e i t z  f i l t e r .  D i l u t i o n s  of  hemolysin in a 

f i n a l  volume o f  2 .0  ml were added to an equal volume of  the  

egg yolk e x t r a c t  and incubated a t  37°C. A control  tube con­

t a in e d  s a l i n e  in place of  hemolysin.  Opt ica l  densi ty  readings  

were made at  640 mu and are recorded in Table I I .  I t  can be 

seen t h a t  no de t e c ta b le  increase in t u r b i d i t y  could be ob­

served.

B. C i t r i c  acid cycle enzymes.

To f u r t h e r  a s c e r t a in  the b i o l o g i c a l  a c t i v i t y  of  ex­

t r a c t s  of  L.  pomona. SE from s t r a i n  LW were tested fo r  the  

presence o f  f i v e  enzymes of  the c i t r i c  acid cycle .  Although
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several  de t erminat ions  were made on most o f  the enzymes, the  

r e s u l t s  obtained wi th the most a c t i v e  prepara t ions  are pre­

sented here .

Succ in ic  dehydrogenase a c t i v i t y  of  c e l l  f r e e  e x t r a c ts  

from L ,  pomona is shown in F igure 8 . The r a t e  of  ox id a t ion  

was c a l c u l a t e d  using the s p e c i f i c  absorpt ion c o e f f i c i e n t  o f

1.6 x icAcm^/ mole f o r  d ich IorophenoI indophenoI . The ox i d a t io n  

r a t e  o f  l e p t o s p i r a l  succ in ic  dehydrogenase was 7 . 4  juM Og/mgm 

P r o t e i n / h r .  The e f f e c t  of  malonate on the r a t e  of  ox i d a t i o n  

is ev ident  from the graph. An i n h i b i t i o n  of  about 50 per 

cent was obtained in t h i s  experiment.

I s o c i t r i c  dehydrogenase a c t i v i t y  was demonstrable as 

seen in F ig ur e  9 .  The r a t e  o f  reduct ion o f  TPN to TPNH was 

0 . 7 2  juM TPN/mgm P r o t e i n / h r .  This value is about 25 per cent  

t h a t  repor ted  f o r  yeast  i s o c i t r i c  dehydrogenase ( 2 9 ) .

The o x id a t io n  of  DPNH to DPN during the conversion of  

o x a l a c e t a t e  to malate was evidence f o r  the presence of  mal ic  

dehydrogenase (F igure  10) .  A r a t e  of  9 . 4 2  juM DPNH/mgm Pro­

t e i n / h r .  was obtained in t h i s  study.

Considerable d i f f i c u l t y  was experienced in demonstrating 

fumarase and acon i tase a c t i v i t y .  Prepara t ions  made using a 

buf fered d i l u e n t  were c o n s i s t e n t l y  i n a c t i v e .  When the s p e c i f i c  

s ub s t ra te s ,  fumarate or c i t r a t e ,  were incorporated into the  

suspending medium the c e l l  e x t r a c t s  demonstrated low a c t i v i t i e s  

as seen in Figures  I I  and 12. Because of  the high endogenous 

r a t e s  obtained due to the presence of  subst rate  in the d i l u e n t ,  

endogenous values were subtracted from the readings obtained  

a f t e r  a d d i t i o n  o f  more sub st r a te .
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During the course o f  these studies the sonic o s c i l l a t e d  

c e l l  p r e p a r a t i o n s  were examined by d a r k f i e l d  microscopy to  

determine the e f f i c i e n c y  o f  the breaking procedure.  I t  was 

noted t h a t  enzyme a c t i v i t y  was demonstrable only in prepara­

t i o n s  in which few or no i n t a c t  le p t os p i ra e  were observed.

Enzymatic a c t i v i t y  also diminshed r a p i d l y  a f t e r  d i s ­

r u p t i o n  o f  the c e l l s .  Prepara t ions  lost  almost a l l  a c t i v i t y  

a f t e r  5 hours e i t h e r  when kept  at  4°C or f rozen  at  -2 0° C .



DISCUSSION

There are t h r e e  predominant a c t i v i t i e s  which le p t o s p i r a e  

i n i t i a t e  in a susc ep t ib le  host .  They are kidney damage, abor­

t i o n  and i c t e r u s .  The prevalence with which each of  these is  

found v a r i e s  wi th the species o f  i n f e c t i n g  le p t os p i ra e  and 

the  host spec ies.  For example L. i cterohemorrhaqiae i n f e c t i o n s  

o f  humans are t y p i f i e d  by an acute n e p h r i t i s  and i c t e r u s .  In 

c o n t r a s t ,  human cases of  l.. pomona i n f e c t i o n s  r a r e l y  show 

j aundice  but renal  damage is  p r e v a l e n t .  Swine in fe c te d  with  

L.  pomona w i l l  f r e q u e n t l y  abort  and develop varying degrees 

of  n e p h r i t i s  whereas sheep i n fe c te d  with the same organism 

w i l l  o f te n  show a l l  th r e e  m a n i fe s ta t io ns .

For a complete understanding o f  the v i ru le nc e  of  

l e p t o s p i r a e  the f a c t o r  or f a c t o r s  responsible f o r  the kidney  

a l t e r a t i o n s ,  abor t ion  and i c te r us  must be e lu c i d a te d .  The 

st ud ies  repor ted in t h i s  th e s is  have been conf ined to the  

poss ib le  mechanisms by which L. pomona produces i t s  e f f e c t  

on renal  t i s s u e  and to the basis of  the development o f  jaundice .

Our f a i l u r e  to  f i n d  any t o x i c  a c t i v i t y  in sonic ex­

t r a c t s  o f  JL. pomona is  not in accord with the repor ted f i n d ­

ings using e x t r a c t s  of  L.  i cterohemorrhaqiae ( 3 0 ) .  I t  is 

poss ib le  t h a t  the t o x i c  system is extremely l a b i l e  and i t s  

e f f e c t s ,  t h e r e f o r e ,  d i f f i c u l t  to reproduce.  The discrepancy  

in the f i n d i n g s  may a lso be a r e f l e c t i o n  of  a d i f f e r e n c e  in 

the v i r u le n c e  mechanisms of  the two l e p t o s p i ra l  species.  I t  

seems un for tunate  t h a t  the e x t r a c t  o f  L . ic terhemorrhagiae
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was not examined f o r  i t s  e f f e c t  on other  than cutaneous 

t i s s u e s  since skin les ions  in l e p t o s p i r o s i s  are r e l a t i v e l y  

i n f r e q u e n t .

The hematological  changes occurr ing in hamsters in ­

f e c t e d  wi th L_. pomona give  some i n d i c a t i o n  o f  the possible  

cause o f  death.  On the t h i r d  day a f t e r  in o c u la t io n  a l l  the  

hamsters examined were moribund and death would probably  

have occurred in 2 to 6 hours.  Although hemoglobin lev e ls  

were reduced about 50 per cent  the approximate 10 f o l d  in­

crease in the  blood urea values In d i c a te  t h a t  the deaths  

would probably be due to  uraemia.  L.  ic terhemorrhagiae  

i n f e c t i o n s  in humans and guinea pigs and L.  cani coI a i n f e c t i o n s  

in humans and dogs a lso produce death from uraemia ( 2 ) *

The observa t ion t h a t  the l e p t o s p i ra l  hemolysin could 

be p r e c i p i t a t e d  from c u l t u r e  supernates by ammonium s u l f a t e ,  

a f fo rd e d  the  oppor tuni ty  to  study the t o x i c i t y  o f  t h i s  agent  

using compara t ive ly  small volumes. The capaci ty  o f  the  

p r e p a r a t i o n  to  produce hemolysis in vivo was ind ica ted  by 

the reduced hemoglobin lev e l s  and hematocr i t  readings in 

lambs 771,  25,  28 and 29. That the hemolyt ic a c t i v i t y  o f  

the  inoculum was of  l e p t o s p i r a l  o r i g i n  was evident  from the  

p r o t e c t i v e  e f f e c t  o f  l e p t o s p i r a l  an t i  serum (lambs 52 and 2 2 ) .  

The amount o f  hemolysin necessary to produce a f a t a l  r e s u l t  

seemed to be somewhat v a r i a b l e .  Lamb 771 succumbed to a 

dose of  10,000 HU/kgm whereas lambs 28 and 29 recovered from 

s i m i l a r  dosages. Animal 25 received 15,000 HU/kgm and de­

veloped a hemolyt ic  anemia which would probably have been 

f a t a l .  Probably these discrepancies  are due in large par t
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to the  f a c t  t h a t  t he  hemolyt ic  a c t i v i t i e s  of  the inocula were 

determined by the  r e l a t i v e l y  inaccura te  t i t r a t i o n  procedure.  

The approximate t w o - f o l d  e r r o r  in t h i s  method was ind ica ted  

by subsequent f in d i n g s  (Table 6 ) .  However, t h i s  is  not an 

adequate ex p la na t io n  f o r  the death occurr ing in a lamb a f t e r  

r e c e i v i n g  th r e e  " s u b - l e t h a l "  hemolyt ic doses. The f i n a l  

i n o c u l a t i o n  o f  about 1,000 HU/kgm was received 2 weeks a f t e r  

a dose o f  200 HU/kgm. I t  i s  doubtful  whether a f t e r  t h i s  

length o f  t ime an accumulat ive e f f e c t  could be respons ib le .  

Because t h r e e  o ther  lambs received a s i m i l a r  se r ies  o f  i n ­

j e c t i o n s  wi thout  observable e f f e c t ,  i t  can only be concluded 

t h a t  t h i s  animal was uniquely suscept ib le  to  the hemolysin.

The gross and microscopic changes in the t is s u e s  of  

lambs re c e i v i n g  hemolysin were s i m i l a r  to those found in 

lambs r ec e iv in g  l e p t o s p i r a e .  The l i v e r  seemed to  be most 

s e v e r l y  a f f e c t e d  whereas kidney damage was s l i g h t .  I t  is  

d i f f i c u l t  to determine to what extent  the lesions are due 

to the  pr imary e f f e c t  of  the hemolysin or to secondary e f f e c t s  

of  the  e x i s t i n g  anemia. There is no apparent reason why the  

c y t o t o x i c  a c t i on  o f  the hemolysin should be conf ined to  

e r y t h r o c y t e s .  However, in view o f  the extent  and r e l a t i v e l y  

l o c a l i z e d  nature of  the  t is s u e  damage, i t  would seem wise 

at  t h i s  t ime to assume t h a t  the cause of  the c e l l u l a r  changes 

i s  anoxia .  The pa t ho lo g ic a l  changes observed in the lambs 

re c e iv i n g  hemolysin are s i m i l a r  to  those repor ted by H a r t l e y  

(25)  in a severe outbreak o f  le p t o s p i r o s i s  in sheep.

The r e s u l t s  of  the experiments concerning the immuno- 

g e n l c i t y  o f  the hemolysin were obscured by an apparent
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contaminat ing l e p t o s p i r a l  ant igen In the hemolysin prepara ­

t i o n .  This conclusion is  based on the f a c t  t h a t  prepara t ions  

from c u l t u r e  f i l t r a t e s  o f  both s t r a i n  LW and the non-hemolyt ic  

s t r a i n  J i n i t i a t e d  the appearance o f  l e p t o s p i r a l  a g g l u t i n a t i n g  

a n t i b o d i e s .  I t  i s  poss ib le  t h a t  s t r a i n  J contained undetect ­

able  amounts o f  hemolysin and t h a t  an t i bo d i e s  to the hemolysin 

are capable o f  ac t ing  on the surface o f  le p t o s p i r a l  c e l l s  to  

produce a g g l u t i n a t i o n .  An at tempt  was made to  c l a r i f y  the  

s e r o l o g i c a l  p r o p e r t i e s  o f  the hemolysin by producing ant ibody  

to the ant igen  o f  the s t r a i n  J prepara t ion  and then c ha l l en g­

ing t h i s  animal wi th hemolysin.  I f  the ant igen in the prepara­

t i o n  was not the  hemolysin then the animal should have developed 

hemolyt ic  anemia. Un for tun ate ly  the animal died s h o r t ly  a f t e r  

cha l lenge  o f  an apparent ly  non-hemolyt ic con di t ion  o f  undeter­

mined o r i g i n .  Attempts to demonstrate an ant ibody to the  

hemolysin in l e p t o s p i r a l  a n t i s e r a  by means of  a tube p r e c i p i t i n  

t e s t  have been unsuccessful  ( 3 ) .  A p p l ic a t io n  o f  the agar  

d i f f u s i o n  technique (50)  to t h i s  system might be rewarding.

The use o f  the hemolysin i n h i b i t i o n  t e s t  as a means of  demon­

s t r a t i n g  ant ibody to the hemolysin is  compl icated by the  

na tu ra l  i n h i b i t o r  present  in normal sera.  The data in Table  

6 I n d i c a t e  t h a t  hemolysin I n h i b i t i o n  t i t e r s  cannot be c or re ­

la ted wi th a g g l u t i n a t i n g  ant ibody t i t e r s .  Lambs 771 and 800 

had HI t i t e r s  o f  16 wi thout  any demonstrable a g g l u t i n a t i n g  

ant ibo dy .  The same HI t i t e r  was observed in lamb 974 with  

an a g g l u t i n a t i n g  t i t e r  of  I 0“ 3. Although there  is  l i t t l e  

doubt t h a t  l e p t o s p i r a l  ant iserum i n h i b i t s  the hemolysin the  

quest ion as to whether the hemolysin id an t i ge n ic  can not  

be answered at  t h i s  t ime .
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At b i r t h  lambs have l i t t l e  or no a nt lh e m o ly t lc  substance 

in t h e i r  sera .  Th is  property increases in a few hours a f t e r  

b i r t h  e v i d e n t l y  wi thout  the inf luence  o f  colostrum.  The 

absence o f  hemolyt ic  i n h i b i t i o n  may be a f a c t o r  in abor t ion  

associa ted wi th l e p t o s p i r o s i s .  I f  the death o f  the foe tus  

i s  due t o  hemolyt ic  anemia, as has been proposed ( 1 8 ) ,  the  

foe tus  would seem to  be h igh ly  suscept ib le  to the ac t ion  o f  

l e p t o s p i r a l  hemolysin.  Whether the hemolysin can pass through 

the p l a c e n ta l  membranes, however, has yet  to be a s c e r ta in e d .

Alston and Broom (2 )  have objected to descr ibing the  

hemolysin as a t o x i n .  The i r  c r i t i c i s m  was based on the f i r s t  

re p or t  o f  the  presence o f  hemolysin in c u l t u r e  supernates ana 

not on any study o f  the  in vivo e f f e c t s  of  t h i s  substance.

They reasoned th a t  i f  cuinea pig and human ery throcytes  were 

not lysed by the hemolysin and i f  _L. i cterohemorrhaq i ae c u l ­

t u r e s  were not hemolyt ic ,  the hemolysin could not be the  

cause o f  the  i c te r u s  and hemorrhage associated with c la s s ic a l  

W e i l ' s  d isease.  This is obviously a v a l i d  c r i t i c i s m  although  

i t  should be mentioned tha t  subsequent repor ts  have shown 

t h a t  some s t r a i n s  o f  L;. i cterohemorrhaq i ae do produce small  

amounts o f  hemolysin and th a t  human RBC are moderately sus­

c e p t i b l e  to hemolysin.

Some r e s o l u t i o n  of  the problem seems possible when 

i t  is recognized t h a t  the i c te r u s  associated with acute  

l e p t o s p i r o s i s  o r i g i n a t e s  from two separate causes. One is 

the  so c a l l e d  t o x i c  jaundice in which extensive damage to 

hep at ic  t i s s u e  prevents the normal conversion of  hemobi I i rubin  

to c h o l e b i J i r u b i n ,  and hemobi I i rubin is  t h e r e f o r e  present  in
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l arge amounts in the blood,  e v e n t u a l l y  s ta in in g  the t i s s u e s .  

Toxic jaundice is  c h a r a c t e r i s t i c  of  L. i cterohemorrhaa i ae 

i n f e c t i o n s  in humans and guinea pigs.  The second type of  

i c t e r u s  associated wi th le p t o s p i r o s i s  is  hemolyt ic i c t e r u s .  

Rapid l y s i s  of  large numbers of  e ry thr ocytes  r e s u l t s  in the  

f o rmat ion  o f  excessive amounts o f  he m obi I i rub in .  Although 

the  l i v e r  t i s s u e  is f u n ct io n in g  normal ly i t  cannot cope with  

such la rge  amounts and again hemobi I i rubin  is present  in the  

c i r c u l a t i o n ,  r e s u l t i n g  in i c t e r u s .  Hemolytic ic te r us  is pro­

duced in L.  pomona i n f e c t i o n s  of  c a t t l e  (54)  and sheep (47)  

and to  a lesser  ex tent  in i n f e c t i o n s  due to L . cani coI a and 

L. qr ippotyphosa ( 2 ) .

T h e r e f o r e ,  i t  would seem best to c l a s s i f y  the hemolysin 

as a t o x i n  produced by some s t r a i n s  o f  l ep tosp i rae  which is 

respons ib le  f o r  the i c te r u s  seen p r i m a r i l y  in ruminant a n i ­

mals.  The cause o f  the hepat ic  damage r e s u l t i n g  in ic te r us  

which is  observed in other  le p t o s p i r a l  i n f e c t i o n s  must be 

assigned to another le p t o s p i r a l  t o x i n .  Further  evidence  

t h a t  other  l e p t o s i r a l  t ox i ns  must be a c t i v e ,  is the f a c t  tha t  

the c h a r a c t e r i s t i c  kidney lesions of  l e p t o s p i ro s i s  cannot  

be produced by i n j e c t i o n s  o f  hemolysin.

In view of  the mechanisms proposed f o r  the hemolyt ic  

anemia in sheep (47 )  i t  is i n t e r e s t i n g  to examine the data 

in F igures I and 2.  The hypothesis is th a t  l y t i c  ant ibody  

dest roys the le p t o s p i r a e  in the blood stream r e s u l t i n g  in the  

r e le a s e  o f  a hemolyt ic  endotoxin or hemolyt ic ant igen .  In 

both lambs, 20 and 23, the i n i t i a t i o n  of  hemolysis seems to  

be c l o s e l y  associated with the presence of  leptosp i rae  in
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the  blood stream. With the  appearance o f  ant ibody,  the  

organisms disappear  and the r a t e  of  hemolysis seems to  be 

increased .  Th is  l a t t e r  observat ion would be in accord with  

the hypothesis t h a t  l y s i s  o f  l e p t os p i ra e  re leases the hemo­

l y s i n .  However, the r e s u l t s  o f  other  experiments do not seem 

t o  be in agreement wi th t h i s  hypothesis.  Lambs 32 and 22 

were pro te c ted  from the hemolysin by ant ibody ,  and the in ­

h i b i t o r y  e f f e c t  o f  ant iserum on in v i t r o  hemolysis is evident  

from F igure  7.  Th e re fo re ,  i f  ant ibody is lysing the lep to ­

sp i ra e  i t  should n e u t r a l i z e  or i n h i b i t  the released hemolysin.  

F u r t h e r  evidence t h a t  ant ibody is not associated with the  

hemolyt ic  e f f e c t  is  a f forded by the f a c t  t h a t  hemolysis pro­

ceeds before ant ibody is d e t e c t a b le ,  and t h a t  in c u l t u r e ,  

the hemolysin is present  in g r e a te s t  amounts I to 3 days a f t e r  

maximum l e p t o s p i r a l  growth has occurred but does not increase  

upon aging and a u t o l y s f s  o f  the  lep t os p i ra e .

Although these r e s u l t s  do not show conc lus ive ly  th a t  

hemolysis does not r e s u l t  from the l y s i s  and re lea se  of hemo- 

lysim by ant ibody i t  seems worthwhi le in view o f  the r e s u l t s  

obtained to  propose an a l t e r n a t i v e  sequence o f  events which 

r e s u l t  in a hemolyt ic anemia. A f t e r  e s ta b l i s h i ng  themselves 

in the l i v e r  and lymphatic t i s s u e  the lep t osp i ra e  m u l t i p l y  

and r e l e a s e  hemolysin into the c i r c u l a t o r y  system. As the 

l e p t o s p i ra e  increase in number they appear in the blood and 

hemolysin product ion reaches a maximum. The hemolysin is 

adsorbed to  the  e ry thr ocy tes  (Table 10) and hemolysis pro­

ceeds.  One t o  2 days a f t e r  the appearance of  lep t osp i ra e  in 

the  c i r c u l a t i o n ,  ant ibody can be detected and the m u l t i p l i c a t i o n
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o f  l e p t o s p i r a e  is  h a l t e d .  Hemolysin which is adsorbed to  

the  e r y t h r o c y t s  is  not e f f e c t e d  by the ant ibody (F igure  7 

l i n e s  2 and 3 ) ,  and hemolysis cont inues.  The apparent increase  

in the hemolyt ic  r a t e  about 24 hours a f t e r  the lep tosp i rae  

have been destroyed by ant ibody can be explained by examining 

the data in Tables 3 and 4.  When lambs are in j ec te d  with 

hemolysin,  maximum ra t e s  of  hemolysis do not occur u n t i l  

about 24 hours a f t e r  i n o c u l a t i o n .  Some of t h i s  i n h i b i t i o n  

is  probably due to  the hemolysis i n h i b i t o r s  present  in normal 

sera .  Th e re fo re ,  the increased hemolyt ic r a t e  would be due 

to the  f a c t  t h a t  le p t os p i ra e  were in g r e a te s t  number and 

t h e r e f o r e  producing maximum amounts of  hemolysin 24 hours 

before  the e f f e c t  o f  t h i s  hemolysin was mani fested.

I t  may be argued th a t  the large number of  l ep tosp i rae  

inocu la ted  in to  lambs 20 and 23 do not compare with the  

inoculum in a na tura l  exposure to l e p t o s p i r a e ,  and th a t  the 

r e s u l t s  t h e r e f o r e ,  do not r e f l e c t  a t r u e  p i c t u r e  o f  the re ­

l a t i o n s h i p  between Ieptosp i remia ,  hemolysis and appearance 

o f  ant ibody .  This is probably t r u e  to some extent  in lamb 

23 in which the incubat ion per iod was less than 2 days.

However, previous work (14)  has indica ted t h a t  the cu l tur es  

used f o r  the inocula  were at  a stage of  in v i t r o  c u l t i v a t i o n  

such t h a t  t h e i r  LD^q f o r  hamsters was about 10^ organisms.  

Furthermore the number o f  l e p t os p i ra e  requi red to i n i t i a t e  

i n f e c t i o n  in a hamster was found to  be approximately one.

A f t e r  washing and resuspension the inocula fo r  the lambs 

contained a t o t a l  o f  about 10® lep tosp i rae  per ml.  I f  only  

I v i r u l e n t  organism was present  f o r  every 10^ t o t a l  c e l l s ,
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then about 10^ v i r u l e n t  lep tosp i rae  per ml were present  jn 

the  i n o c u la .  Ten to 12 ml o f  suspension was i n je c t e d  so 

t ha t  the t o t a l  number of  v i r u l e n t  organisms was approximately  

I 0 ^ # This is not an unreasonable number when i t  is recog­

nized t h a t  swine u r i n e ,  a f requent  source of  i n f e c t i o n ,  may 

conta in  approximately 10? lep t osp i ra e  per ml ( 4 4 ) .  I t  is  

the a u t h o r ' s  opinion t h a t  the r e s u l t s  obtained from lambs 

20 and 23 a re  a p p l i c a b l e ,  f o r  the most p a r t ,  to na tural  in ­

f e c t i o n s .

The assay procedure developed f o r  determining the  

hemolyt ic  a c t i v i t y  o f  hemolysin preparat ions  seems to be 

r e l a t i v e l y  accurate  and ra p i d .  Other i n v e s t ig a t o r s  ( I )  have 

employed spectrophotometr ic methods f o r  assaying le p t os p i ra l  

hemolysin but incubat ion was performed at  37°C, The r e s u l t s  

shown in F i gu re  6 i n d i c a t e  t h a t  with high dulut ions of  hemo­

ly s i n  incubat ion at 37°C should be fo l lowed by a per iod at  

lower temperatures f o r  maximum hemolysis to  take p lace .

This  so c a l l e d  h o t -c o ld  hemolysis has also been observed with  

t he  alpha t o x i n  of  C l o s t r  i dui m we Ich i i ( 65 )  and the beta  

t o x i n  o f  staphylococci  ( 2 2 ) .

The at tempts to remove the i n h i b i t o r  o f  the hemolysin 

present  in r a b b i t  serum were not successful .  Ponder (51)  

has descr ibed four  hemolysin i n h i b i t o r s  in normal sera;  

l e c i t h i n ,  c h o l e s t e r o l ,  albumin and g l o b u l i n .  Chloroform 

and e ther  e x t r a c t i o n  removed only small amounts of  i n h i b i t o r  

( F i gu re  5 ) ,  i n d i c a t i n g  t h a t  l e c i t h i n  and cho les terol  were 

not the p r i n c i p a l  cause of  the i n h i b i t i o n .  T h i r t y - f i v e  per 

cent s a t u r a t i o n  with ammonium s u l f a t e  did not remove i n h i b i t o r
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which would i n d i c a t e  t h a t  albumin was probably not responsi ­

b l e .  Whether serum g l o b u l i n  is the p r i n c i p a l  i n h i b i t o r  of  

l e p t o s p i r a l  hemolysin cannot be ascerta ined at t h i s  t ime.

The f a c t  t h a t  the hemolysin is p r e c i p i t a t e d  by 35 per cent  

s a t u r a t i o n  wi th ammonium s u l f a t e  in d ic a te s  t h a t  i t  has s imi ­

l a r  p r o p e r t i e s  to a g l o b u l in  or t h a t  i t  is adsorbed to the 

g l o b u l i n  molecules.  When the p r e c i p i t a t e d  hemolysin is  

disso lved  and d ia lysed wi th d i s t i l l e d  water a p r e c i p i t a t e  

i s  formed (Table 9 ) .  Euglobul in is  inso lub le  in d i s t i l l e d  

water and probably much o f  the p r e c i p i t a t e  is composed of  

t h i s  substance.  Pseudoglobul in is probably one of  the major  

components o f  the water soluble  supernate.  The hemolysin 

is e s s e n t i a l l y  equal ly  d i s t r i b u t e d  between these two f r a c ­

t io n s  which may i n d i c a t e  t h a t  the hemolysin is adsorbed to  

the g l o b u l i n .  However, when hemolysin preparat ions  are 

d i l u t e d  the i n h i b i t o r  can not be detec ted.  I f  g l obu l i n  is 

the i n h i b i t o r y  component o f  serum then i t  does not seem 

l i k e l y  t h a t  hemolysin is adsorbed to g l o b u l i n .  In contras t  

i f  hemolysin is  adsorbed to g lo bu l i n  i t  is u n l i k e l y  th a t  

g l o b u l i n  is  the i n h i b i t o r .  The answers to these quest ions  

w i l l  be poss ib le  when f u r t h e r  p u r i f i c a t i o n  o f  the hemolysin 

has been achieved.  The numerous methods now a v a i l a b l e  f o r  

separa t ion and p u r i f i c a t i o n  of  p rote ins should be appl ied  

to p u r i f i c a t i o n  o f  the hemolysin.  The problem of  the i d e n t i t y  

of  the  hemolyt ic  i n h i b i t o r  can also be approached by f r a c ­

t i o n a t i o n  o f  serum and t e s t i n g  for  the i n h i b i t o r y  component.

The adsorpt ion of  hemolysin to  e ry throcytes  does not  

seem to be a s p e c i f i c  union of  "enzyme” with "substra te"
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(Table  10) .  Guinea pig RBC, which e i t h e r  do not have the  

r e a c t i v e  s i t e  f o r  the  hemolysin or the s i t e  is  not a v a i l a b l e  

to the hemolysin,  seem to adsorb hemolysin to the same degree 

as t he  r e a c t i v e  sheep c e l l s .  Polystyrene la tex  spheres also  

adsorb the  hemolysin but to a somewhat lesser degree.  On 

the basis o f  the  a v a i l a b l e  data i t  appears t h a t  the adsorp­

t i o n  o f  hemolysin to e ry throcytes  is n o n - s p e c i f ic  and probably  

o f  a physical  na tu re .

The i n h i b i t o r y  e f f e c t  o f  ant iserum on hemolysis,  as 

seen in F igure  7,  is  s i m i l a r  to  tha t  of  other  t o x i n - a n t i  to x in  

systems (6 ,  7 0 ) .  I f  ant iserum and hemolysin are in contact  

before the a d d i t i o n  o f  e ry th r oc y te s ,  hemolysis is  i n h i b i t e d .

When the  ant iserum and hemolysin are in contact  in the pre­

sence of  RBC the i n h i b i t i o n  is  diminished.  These r e s u l t s  

i n d i c a t e  t h a t  once hemolysin and ery throc yte  have combined 

a n t i s e r a  has no e f f e c t .  The possible s i g n i f i c a n c e  o f  these 

f in d i n g s  in r e l a t i o n  to in v i vo hemolysis has al ready been 

di scussed.

The f a i l u r e  to  f i n d  any ac t ion of  the hemolysin on 

I e c i t h o v i t e l I  in is not in agreement with the suggested 

phosphoI ipase a c t i v i t y  of  the hemolysin ( 5 6 ) .  This sugges­

t io n  was based on the  f a c t  t h a t  l e c i t h i n  and other  phosphol ipids  

i n h i b i t  the hemolysin o f  l e p t o s p i ra e .  The f a c t  t ha t  l e c i t h i n  

i s  an i n h i b i t o r  o f  many types of  hemolysins such as saponin 

and d i g i t o n i n  has been described by Ponder ( 5 1 ) .  Therefore ,  

the observa t ion  t h a t  l e c i t h i n  i n h i b i t s  l e p t o s p i ra l  hemolysin 

does not seem to i n d i c a t e  ne ce ssar i ly  tha t  l e c i t h i n  is the  

s ubs t ra te  f o r  the hemolysin.  However, the f a i l u r e  of  the
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hemolysin to  produce a p o s i t i v e  egg yolk r ea c t ion  does not  

n e c e s s a r i l y  preclude t h a t  phosphoIipase a c t i v i t y  is absent .

For ins tance snake venom l e c i t h i n a s e  does not cause t u r b i d i t y  

of  egg yo lk  suspensions ( 6 6 ) .  The mode o f  ac t io n  of  the  

hemolysin should be i n v e s t ig a t e d  by examining the products  

o f  the  r e a c t i o n  of  hemolysin wi th e ry throcytes and var ious  

p os s i b le  s ub s t ra te s .  Such procedures have been employed 

in determining the ac t io n  of  the hemolysin of  mumps v i rus  

(4 2 ,  6 0 ) ,  and would be a useful  guide to the i n v e s t i g a t i o n  

of  o ther  hemolysin r e a c t i o n s .

B. C i t r i c  Acid Cycle Enzymes

The r a t e s  o f  enzymatic a c t i v i t y  observed with e x t r a c ts  

of  L.  pomona were low in comparison to  enzymes of  other  

microorganisms.  However, a low metabol ic r a t e  would not 

be unexpected when one considers the f a c t  t ha t  the generat ion  

t ime of  le p t o s p i r a e  is  about 8 hours as compared to  30 to 40 

minutes f o r  many b a c t e r i a .  Probably the ra te s  observed f o r  

fumarase and acon i tase are not a t r u e  i n d i c a t i o n  of  the  

a c t i v i t y  o f  these enzymes. Thei r  evident  i n s t a b i l i t y  proba­

bly r e s u l t e d  in considerable  loss of  a c t i v i t y  during the  

p re pa ra t io n  o f  the c e l l  e x t r a c t s .

Fu l ton  and Spooner (20 )  reported th a t  malonate did 

not i n h i b i t  the r e s p i r a t i o n  of  res t ing  c e l l  p reparat ions  o f  

l e p t o s p i r a e .  In the studies  reported in t h i s  t h e s i s ,  malonate  

i n h i b i t i o n  o f  the succin ic dehydrogenase system was r e a d i l y  

d e t e c t a b l e .  The f a c t  t h a t  the e a r l i e r  work used whole c e l l s  

in co n t r a s t  to the c e l l  e x t r a c t s  employed in t h i s  study may
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i n d i c a t e  t h a t  l e p t o s p i ra e  are impermeable to malonate.  Im­

p e r m e a b i l i t y  o f  r e s t in g  b a c t e r i a l  c e l l s  to var ious subst ra tes  

and i n h i b i t o r s  has f r e q u e n t l y  led to erroneous conclusions  

regarding t h e i r  r o l e  in metabolism ( 3 5 ) .

Although not a l l  o f  the enzymes o f  the c i t r i c  acid  

cycle  were in v e s t i g a t e d ,  the presence o f  succ i n i c ,  mal ic and 

i s o c i t r i c  dehydrogenases, fumarase and aconi tase is evidence  

t h a t  the  c i t r i c  acid cycle  is probably operat ing in l e p t o s p i r a e .  

However, i t  has not been ascer ta ined  whether other  metabol ic  

pathways may also be f u n c t i o n i n g .  The g l y o x y l a t e  cycle ( 28 ) ,  

invo lv ing  the breakdown of  i s o c i t r a t e  to g l y o x y l a t e  and 

succina te  with subsequent combination of  ace ta te  and glyoxy­

l a t e  to  form malate,  may be a second method by which lepto­

sp i rae  metabo l i ze  n u t r i e n t s .

Phosphol ipids and amino acids seem to be u t i l i z e d  by 

l e p t o s p i r a e .  Both subst ra tes would be eve ntua l ly  metabol ized  

in the c i t r i c  acid cy c le ,  e i t h e r  by the breakdown of  f a t t y  

acids  to acetyl  coenzyme A or in the case o f  amino acids by 

t he  app ro pr ia te  t ransaminase forming in termediates  of  the  

eye Ie .

I f  l e p t os p i r a e  possess a phosphoIipase f o r  phosphol ipid  

metabol ism,  i t s  poss ible  i d e n t i t y  with hemolysin provides a 

common area o f  i n v e s t i g a t i o n  f o r  v i ru lence  and metabolism 

s t u d i e s .  Attempts to c o r r e l a t e  the various v i ru le nce  f a c t o r s  

of  pathogens wi th t h e i r  metabol ic  enzymes or products would 

c o n t r i b u t e  much to our concepts o f  pa ra s i t is m .
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SUMMARY AND CONCLUSIONS

Washed c e l l  suspensions of  L.  pomona were subjected  

to sonic o s c i l l a t i o n  and the c e l l - f r e e  e x t r a c ts  t es t ed  f o r  

t o x i c  a c t i v i t y .  N e i t he r  hamsters or guinea pigs showed e v i ­

dence o f  an inf lammatory r ea c t ion  fo l lo w in g  int radermal  inocula­

t i o n  o f  O. l  to 0 . 5  ml o f  e x t r a c t .  I n t r a c a r d i a l  i n j e c t i o n  of  

1.0 ml o f  e x t r a c t  in hamsters did not produce s i g n i f i c a n t  

a l t e r a t i o n s  in the hematology, whereas whole c e l l s  produced 

increased urea and b i l i r u b i n  lev e l s  and decreased hemoglobin 

and hematocr i t  values.

The hemolysin produced by lep tosp i rae  was p r e c i p i t a t e d  

by 35 per cent s a t u r a t i o n  with ammonium s u l f a t e .  Concentrated 

hemolysin prepa ra t io ns  were inoculated into lambs with a re ­

s u l t i n g  loss of  hemoglobin of  20 to 60 per cent .  Weakness 

and jaundice were noted in lambs receiv ing  large doses of  

hemolysin.  Gross and microscopic examination of  t i ssu es  o f  

the lambs revelaed areas o f  degenerat ion and necrosis in the  

l i v e r  and p et ec h i a l  hemorrhages on the kidney with small 

areas o f  degenerat ion of  the renal  tub u le s .  A genera l ized  

jaundice was prominent in a l l  animals rece iv ing  large doses 

of  hemolysin.  The gross appearance and lesions o f  lambs re ­

ce i v i ng  washed c e l l s  of  L.  pomona were s i m i l a r  except fo r  

more extens ive  renal  damage. Lambs which had demonstrable  

serum a g g l u t i n a t i n g  ant ibody were protected from le tha l  doses 

of  hemolysin.  Attempts to immunize lambs with small doses 

of  hemolysin were hampered by the development o f  a g g lu t in a t i n g
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ant ibo dy .  Concentrated c u l t u r e  f i l t r a t e s  o f  a non-hemoIyt ic  

s t r a i n  a lso  produced a g g l u t i n a t i n g  ant ibody .  Antibody to  

the hemolysin could not be demonstrated by use of  hemolysin 

i n h i b i t i o n  t e s t s .  Although hemolysin is i n h i b i t e d  by lep to ­

s p i r a l  ant iserum no evidence could be obtained t h a t  the  

hemolysin was a n t i g e n i c .

In v i t r o  s tudies  on the hemolysin demonstrated t h a t  

ammonium s u l f a t e  p r e c i p i t a t i o n  gave y i e l d s  of  hemolysin of  

about 30 per cent .  Maximum p u r i f i c a t i o n  was achieved by 

p r e c i p i t a t i n g  concentrated hemolysin preparat ions  by d i a l y s i s  

with d i s t i l l e d  water .  A 7 to 8 fo l d  increase in p u r i t y  r esu l te d  

from t h i s  procedure.

The e f f e c t  o f  temperature on the r a t e  of  hemolysis 

was ind ic a te d  by the demonstrat ion of  increased rates  i f  the 

hemolysin t e s t s  were incubated at  4°C a f t e r  i n i t i a l  incubat ion  

at  37°C. Adsorpt ion of  hemolysin to e ry throcytes was demon­

s t r a t e d .  RBC of  both guinea pigs and sheep adsorbed the  

hemolysin but only sheep c e l l s  were lysed. The n o n - s p e c i f i c i t y  

of  the adsorpt ion was f u r t h e r  shown by the adsorpt ion of  the  

hemolysin to  polystyrene  spheres.

The e f f e c t  o f  ant i  serum on hemolysis was shown to be 

dependent on the sequence in which hemolysin,  ant iserum and 

RBC were mixed. I f  hemolysin and ant iserum were in contact  

before a d d i t i o n  of  RBC, hemolysis was i n h i b i t e d .  When a n t i ­

serum was added a f t e r  or with the a dd i t i o n  o f  RBC to the  

hemolysin the i n h i b i t o r y  e f f e c t  was diminished.

Attempts to demonstrate phosphoIipase a c t i v i t y  with  

hemolysin pre par a t ions  by means of the I e c i t h o v i t t e I i n  r eac t i on  

were negat i ve.
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The r e s u l t s  o f  jjn v i t r o  s tudies  of  the adsorpt ion  

p r o p e r t i e s  and e f f e c t  of  ant iserum on the hemolysin were used 

to  a t tempt  to descr ibe  the Jji vi vo processes which produce a 

hemolyt ic  anemia in l e p t o s p i r o s i s .

With the demonstrat ion of  the t o x i c i t y  of  l e p t o s p i r a l  

hemolysin,  our understanding of  the hemolyt ic anemia associated  

with l e p t o s p i r o s i s  has been g r e a t l y  c l a r i f i e d .  Although the  

hemolysin is probably not o f  major s i g n i f i c a n c e  in a l l  l ep t o ­

s p i r a l  i n f e c t i o n s ,  i t s  e f f e c t s  probably c o n t r i b u te  s i g n i f i c a n t l y  

to  the  economic losses suf fe red  by the l i vestock  industry from 

l e p t o s p i r o s i s .  The evidence th a t  once the hemolysin has i n i t i ­

ated i t s  e f f e c t ,  h a l t i n g  m u l t i p l i c a t i o n  o f  the lep tosp i rae  

does not a r r e s t  hemolysis,  emphasizes the need f o r  an adequate 

vacc in a t io n  program f o r  the control  o f  l e p t o s p i r o s i s .

Cel I f r e e  e x t r a c t s  from L. pomona were tested f o r  enzymes 

of  the c i t r i c  acid cy c le .  Var ious degrees of  a c t i v i t y  were 

demonstrated f o r  succin ic  dehydrogenase, i s o c i t r i c  dehydro­

genase, mal ic  dehydrogenase, fumarase and acon i tase .  From 

t h i s  evidence i t  is  concluded t h a t  the c i t r i c  acid cycle is  

probably opera t ing in l e p t o s p i r a e .

I t  is  hoped t h a t  by use o f  some of  the techniques  

descr ibed in t h i s  t h e s i s  f o r  p u r i f i c a t i o n  and assaying o f  the  

hemolysin and f o r  demonstrat ion of  enzyme systems, f u r t h e r  in­

v e s t i g a t i o n s  w i l l  be undertaken concerning the hemolysin and 

enzymes o f  l e p t o s p i r a e .  Because of  the comparative ease with  

with le p t o s p i r a e  can be grown j_n v i t r o  they are i d e a l l y  sui ted  

f o r  i n v e s t i g a t i o n s  o f  the pathogenic sp i rochetes.  Our present  

lack o f  informat ion concerning the b i o l o g ic a l  p r op er t ie s  of
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t h i s  group o f  b a c t e r i a  may well  be cor rected in the f u t u r e  

by the  r e s u l t s  of  i n v e s t i g a t i o n s  o f  the le p t o s p i ra e .
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TABLE 2

AMMONIUM SULFATE FRACTIONATION OF CULTURE SUPERNATES 
FOR ISOLATION OF HEMOLYSIN

F r a c t i o n  O r i g i n a l 1 2 3 4 5 6

00r- 9 10 1 1 12

%
S a t u r a t i  on 0 31 35 39 43 47 50 55 61 66 71 75 100

Hemo1yt  i c 
Act 1vi ty  
( Un f t  s/m 1)

8 4 4 0 0 0 0 0 0 0 0 0 0
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TABLE 3

TOXICITY OF HEMOLYSIN FOR LAMBS 
EXPERIMENT I

LAMB 777 
10,000 HU/kgm*

LAMB 800 ( c o n t r o 1) 
0 HU/kgm**

Ti me Temp, Hgb Hematocr i t  
g/100 cc %

T emp Hgb 
g/100 cc

Hematocr i t  
ft

P r e - I n o c -
u l a t i o n  

Post Inoc­

9 . 4 35 10.4 39

u l a t i o n 102.2 9 . 0 40 104.3 10.0 38

2 . 5  hrs . 104.2 7 . 8 30 104.2 9 . 8 36

5 . 5  hrs. 102.2 7 . 4 28 103.7 9 . 4 35

10.0 hrs . 102.4 6 . 9 27 102.5 9 . 4 34

26 .0  hrs . — 3.0 7 — 9 .8 35

30 .0  hrs . 98.1 2 . 4 — 9 .6 34

*HU/kgm = hemolyt ic un i ts  per ki logram body weight .  
Lamb received 20 ml o f  hemolysin prepar a t i on .

**Lamb received 20 ml of  s t e r i l e  s a l i n e .  

#**Animal  died.
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TABLE 5

EFFECT OF SUBLETHAl DOSES OF HEMOLYSIN ON LAMBS CHALLENGED 
WITH L.  POMONA. STRAIN LW AND WITH HEMOLYSIN

Lamb 23 Lamb 29
No previous 4 sub le th a l  doses

hemolysin i n j e c t i o n s of  hemolysin

Cha11 eng i ng 10 ml washed c e l l s 10 ml washed c e l l s
Preparat  i on S t r a i n  LW S t r a i n  LW

Time A f t e r Temp. Hgb. AB* Temp. Hgb AB
ChaI Ienge g/100 cc g/100 cc

0 hrs. 103.3 12.8 0 103.0 8 . 4 1
18 hrs . 106*6 - - 0 102.8 — 1
41 hrs . 105.6 1 1 .0 c 102.6 6 . 2 3
72 hrs . 105.6 9 . 0 1** 102.2 8 . 8 5
96 hrs. 105.8 6 . 4 3 102.8 8 . 3 5

112 hrs. 106.2 3 . 7 4 — - - -
120 hrs. 105.2 3 . 6 - 102.3 7 .8 5
196 hrs . 102.9 4 . 6 4 102.0 8 .6 5

*AB = serum ant ibody

*#Rec iproca I  of  d i l u t i o n  o f  serum a g g l u t i n a t i n g  50 per 
cent o f  the ant ige n .
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TABLE 5 ( CONTINUED)

Lamb 31 Lamb 40 Lamb 22
3 sub le th a l  doses 3 sub le tha l  doses 3 sub le tha l  doses

of  hemolysin of  hemolysin of  hemolysin

10 ml washed c e l l s 10 ml washed c e l l s 10,000 HU/kgm
S t r a i n  LW S t r a i n  LW

Temp. Hgb. AB Temp. Hgb. AB Temp. Hgb. AB
g/1 0 0  cc g/100  cc g/100  cc

102.2 6 .8 0 101.8 6 .8 0 101.8 9 . 8 0
105.0 — 0 105.0 mmmm 0 102.0 9 .8 0
102.4 5 . 9 0 103.0 5 .0 0 102.4 9 . 6 0
102.6 5 . 8 2 102.6 5 .6 3 102.5 9 . 2 1
102.7 6 .0 4 102.0 5 .6

f l

- - 9 . 4 2

103.0 6 .8 4 102.5 5 . 5
H

4
102.7 7 . 0 4 102.0 6 .7 4
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TABLE 7

REPRODUCIBILITY OF ASSAY PROCEDURE I I

Determi nat i on Days A f t e r  F i r s t  
Determi nat i on

HU/ml

1 0 61

2 1 58

3 4 62

4 5 60

5 10 60

Mean 60.2

Standard Deviat ion CM•



63

TABLE 8

COMPARISON OF TITRATION AND ASSAY PROCEDURE I I  
FOR DETERMINING HEMOLYTIC ACTIVITY

Hemolysin T i t r a t i o n  Procedure I I  Ra t io  o f
Pr ep ar a t i o n  Method HU/ml T i t r a t i o n  Method

HU/ml to procedure I I

150-0 512 25 20.5

150- S 2048 58 35.3

1 5 0 - P 2048 56 36.6

149 1024 54 19.0

142 512 28 18.3

143 8192 213 37.8

Avg. 28.0



64

TABLE 9 

PREPARATION OF HEMOLYSIN

F r a c t i o n  Treatment Volume HU/ml mgm 
( m l ) Prote i n/ml

S p e c i f ic  Y ie ld  
A c t i v i t y  {%) 
HU/m^mP

S t e r i l e  Cu l ture  1680 25
Fi I t r a t e

P r e c i p i t a t e d  with  
56 per cent sa tu ra ­
t io n  (NH4 ) 2 SO4 .
P r e c i p i t a t e  resus­
pended in s a I i n e  
and d ia lysed %rsk 
di et  f I  Ied H2o.
P r e c i p i t a t e  re­
moved and resus­
pended .

F r a c t i o n  soluble 110 58
i n  H20

Ins o lu b le  in H20 NO 56

8 .05 3. 100

6.36 9.1

2 .44  23.0

15.2

14.7



65

TABLE 10

ADSORPTION OF HEMOLYSIN TO ERYTHROCYTES 
AFTER 5 MINUTES AT 37°C

Adsorbent ml Adsorbent HU/ml a f t e r  
Adsorpt i on

% Hemolysin 
Adsorbed

Hemolysis 
o f  Adsorb-  
ant RBC

1 Packed Sheep 
Erythrocytes 0 62 0

2 ii 0 .2 14 77 +

3 ii 0 . 4 14 77 +

4 ti 0 .6 15 76 +

5 Packed Guinea 
Pig Erythrocytes 0 62 0

6 11 0 .2 15 76 -

7 II 0 . 4 12 81 -

8 11 0 . 6 14 77 -

9 Packed Po lys tyr  
Spheres

ene
0 38 0

JO ri 0 . 5 23 40

i i ii 1 .0 13 66
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TABLE I 1

NON-REACTIVITY OF HEMOLYSIN WITH LECITHOVITELLIN 
AS DETERMINED BY CHANGE IN TURBIDITY

Tube I
26HU 

2 ml Lec-  
i thovi  t e 11i n

2
58HU 

2 ml Lec-  
i t h o v i t e 11 in

3
84HU 

2 ml Lec-  
i t h o v i t e l  1 in

4
0 HU 

2 ml Lec-  
i thov i t e 11i n

Time

0 mi n. 0 . 0 6 * 0 .05 0.06 0 .06

10 min. 0 .0 7 0 .05 0.06 0.07

20 min. 0 .0 7 0 .05 0.06 0.06

30 min. 0 .0 7 0 .05 0.06 0.06

60 min. 0 .08 0 .0 6 0 .08 0 .08

^Opt ical  Densi ty  at  650 mjj.
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Hgb (g / 1 0 0  m l )
Antibody T f t e r  (negat ive  exponent to base 10) 
Number of  I e p t o s p l r a e / c c  (exponent to base 10)

to  Vj J -fc- Vjn O n c d  v o  o



Hgb (gms/lOOml)
Antibody T i t e r  (nega t i ve  exponent to base 10)
Number o f  Lep to s p l ra e /c c  (exponent to base 10)
ro jy vn o - v i o o v o  o — ro
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