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AB S TRACT 

A s tudy was made of the morphological changes in red blood 

cells (RBC ' s) f rom hamsters and calves during the development of 

haemoglobinaemia following infection with Leptospira interrogans 

serovars ball um and pomona respec tively . 

The maj or changes seen by scanning electron microscopy of RBC ' s  

from the haemoglobinaemic animals were spherocytosis and surface 

pitting .  The major change seen by  transmission elec tron microscopy 

was vacuolation of abnormally shaped RBC ' s  with some vacuoles 

containing a small amount of a f ine granular materia l .  Few REC ' s  

showed evidence of haetnoglobin loss even though the animals from 

which the RBC ' s  came were severely haemoglobinaemic . Those RBC's 

which did show haemoglobin loss c ontained membrane-bound dense 

granular inclusions in addition to the vacuoles observed in the 

fully haemoglobinated RBC ' s . The spherocytes from the haemoglob in­

aemic animals probab ly arose from echinocytes which were seen in 

prehaemoglob inaemic hamsters . Echinocytes seen in calves inj ec ted 

with ' toxin ' can probably b� considered as equivalent to echinocy tes 

seen in the prehaemoglob inaemic hamster s .  These echinocytes had 

membrane-bound portions of cytoplasm segregated from the remainder 

of the cytop lasm. It is thought that these portions of cytoplasm 

are defective and subsequently become digested in autophagocytic 

vacuoles with complete  digestion resulting in the empty vacuoles 

or those containing a small amount of f ine granular material as 

seen in the fully haemoglob inated RBC ' s .  Inability of the cell to 

either fully dj_gest or expel material within autophagocytic vacuoles 

may explain dense granular inc lusions seen within partially 

haemoglobinated RBC ' s  which are considered the mos t  severely 

affec ted RBC ' s .  

Present s tudies support other work that a ' toxin ' elaborated 

(ii) 

by the organisms rathzr than mechanical damage is responsible f or the 



lesions observed .  The original lesion i s  thought to be 

b iochemical although biochemical studies were beyond the scope 

of the present work . This biochemical les ion is likely to be 

similar in all affec ted tissues . Suff icient biochemical and 

physiological diff erences exist between adul ts and neonates and 

between individual s  of similar age of the same spec ies , and 

between different animal species to explain the differences in 

susceptib ility of RBC ' s  t o  leptospiral ' toxins ' . 

RBC ' s  from cattle , hams ters and humans suspended in non-immune 

plasma and incubQted with ball um and pomona were never haemolysed 

�hile those suspended in saline were always haemolysed . Normal 

plasma thus has a protective effec t .  The protec tive ac tion of p lasma 

demonstrated in vi tro required reconciliation . . with some conflicting 

findings of parallelst.udies in -.;fivo in which RBC ' s were destroyed 

resulting in haemoglobinaemia .  It therefore appears that another 

mechanism may be responsible for RBC destruc tion in vivo . BecauseRBC 

sequestration result ing in lowering of the PCV and haemoglobin 

occurred in the prehaemoglobinaemic animals , involvement of .the 

reticulomacrophage system appeared l ikely . Other workers have 

suggested that RBC ' s  which already have an abnormality may be 

further damaged or lysed within the splenic circulation . Thus in 

leptospiral infec tions , leptospiral ' toxins ' may induce changes in 

RBC ' s  leading to their sequestration within the spleen resulting 

in further damage and ultimately lysis and haemoglobinaemia . 

The ground is  now set f or further s tudies to identify the 

puta tive biochemical lesions which would pave the way f or 

development of new therapeutic regimes to prevent the more severe 

clinical features of the disease . 
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INTRODUCTION 

Red blood cell (RBC) destruction resul ting in haemoglob inaemia 

occurs in some spec ies of animal infected with certain serovars of 

Leptospira interrogans . While the pathogenesis of the destruc t ion. 

has not been established , it ha s previously been considered that 

the pathogenetic mechanisms involved mus t  be  different to those 

which result in hepa tic , renal and endothelial cell lesions . 

The main purpose of the present work is to elucidate the 

pathogenesis of RBC des truc tion using morphological studies of 

RBC ' s  from hams ters and calves infec ted with Leptospira interrogans 

serovars bal l um and pomona respec tively . Because the F�C cannot be  

s tudied in isolat ion , other organs such as bone marrow , spleen , 

liver and kidney which may be involved in RBC formation and 

des truc tion are also studied . In addit ion leptospiral infec tions 

which result in haemoglobinaemia are compared with those which do 

not . This is necessary for determining which facets of the disease 

are due to the leptospiral organisms per se and which are due to 

hypoxia consequent upon severe RBC los s . In addition , brains and 

the middle and inner ears are also examined in order to determine 

the cause of the apparent nervous signs sometimes observed in 

experimental and naturally occurring leptospirosi s .  

The maj or emphasis o f  the work i s  on RBC destruc tion i n  vi vo. 

This is because it is considered that the RBC cannot be adequately 

studied in isolation from the full range of its environment in 

the animal body . However ,  some in vitro work is repor ted upon in 

order to provide additional information on specif ic points such 

as the effects of the proportion of foetal haemoglobin and the 

presence or absence of plasma in determining the degree of RBC 

destruc tion . 
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CHAPTER 1 

L ITERATURE RE VIEW 

Leptospires may be  divided into two spec ies on the basis o f  

their ability t o  infect animals .  Leptospira bi flexa are 

saprophytic organisms and Leptospi ra interrogans are parasitic 

organisms which infect animals  causing the disease leptospirosis . 

This literature review deals with the pathogenesis and 

pathology of leptosp irosis in domest ic animals  with particular 

reference to red b lood cell (RBC) destruc tion . Primarily 

epidemiological and serological studies and those reporting 

abortions are not c onsidered a s  they have been dealt with in 

other reviews (Blackmore , 1 98 1 ;  Blackmore & Hathaway , 1 980 ; 

Hathaway , 1981) .  The references on the pa thogenesis and pathology 

of leptospirosis in domestic animals  which are referred to in 

this review are summarized in Table 1 - 1 . 

1 . 0  PATHOGENE S I S  OF LEPTOSPIRAL INFE C TIONS 

In vi tro investigations have shown differences in the 

biochemical ac tivities between saprophyt ic and parc:.sitic leptospires 

(Kasarov , 1970 ; S talheim,  1 9 7 1 )  and between ' virulent' and 

' avirulen t '  strain s  of parasitic leptospires (Stalheim,  197 1 ) .  

However , the c orrelation between in vi tro and in vivo 

ac tivities is uncertain and the virulence of a leptospiral 

organism does not appear to be  related to any single biochemical 

reac t ion and mus t  f irst rely upon the organi sm' s ability to 

survive amid bacteriocidal fac tors in vivo and t.hen to grow and 

mult iply (Stalheim , 1 97 1 ) . Although con s iderable overlap may 

occur , the major fac tors determining the presence or ab sence of 

clinical disease may be categorized conveniently under three 

maj or headings . 

1 .  Hos t  fac tors 

2 .  Leptospiral factors 

3 .  Hos t-l�ptospire interaction 
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Table 1-1 Summary of the major references pertaining to the pathology 
and pathogenes is of experimental and natural l eptospiral 
infections of man and domestic.animals • . 

Animal 
species 

Cats  

Cattle 

Dogs 

Goa t s  

Leptospiral 
serovar 

ball urn 

gryppotyphosa 

pornona 

balcanica 

bratislava 

canicola 

gryppotyphosa 

icterohaernorr­
hagiae AB 

pornona 

szwajizak 

unknown 

bataviae 

canicola 

gryppotyphosa 

icterohaernorr­
hagiae 

gryppotyphosa 

pornona 

Reference : Auchors & Date 
Experimental Infections .Natural infections 

Fessler & Morter , 1964 
Shophet , 1979 

Van der Hoeden , 1953 

Fessler & Morter , 1964 
Shophet , 19 7 9  

Mackintosh e t  a1 , 1981 

Fennestad et.al, 1967 

Imbabi et al, 196 7 
Van der Hoeden , 1955 

Van der Hoeden , 195 3 

Turner et al, 1958 

Dodd & Brakenridge , 1960 

. Hambdy & Ferguson , 1957  Hadlow & Stoenner , 1955 
Morter et al, 1958 
Reinhard & Hadlow , 1954 
Sleight et al, 1964 
Spradbrow & Seawright , 196 3  
Ferguson et al , 1957 

Nervig e t  al, 1978 

Cordy & Jasper, 1952 
Reinhard ,  1951 

Keenan et al, 1978 

Finco & Low, 1968 
Monlux, 1948 a , b  
Taylor et al, 1970 

Van der Hoeden , 1953 

Gleiser , 1957 
Low et al, 1956 
Monlux , 1948 a ,b 

Van der Doeden , l953 

Morse & Langham, l958 

Bloom, 1941 
Mclntyre &Montgomery , 1952  
Morrison & Wright , 1976 

Bloom, 1941 

Van der Hoeden , l953 



Table 1-1 cont'd 

Animal 

G:dvet 
monkeys 

Leptospiral 
serovar 

balcanica 
tarassovi 

Guinea p ig gryppotyphosa 

icterohaemorr­

hagiae 

Hamsters canicola 

Horses 

Humans 

gryppotyphosa 

icterohaemorr­

hagiae 

hardjo 

pomona 

canicola 

icterohaemorr­
hagiae 

pomona 

bataviae 

gryppotyphosa 

icterohaemorr­

.'lagiae 

bataviae 
autumnali 

austral is 

akiyami 

Reference : Authors & Date 
Experimental Infec tions Natural Infections 

Marshal! et al, 1980 

Van der Hoeden , 1953 

Arean , 1962b , 
Arean & Henry , 1964 
Arean et al, 1964 
De Brito et a1 , 1979 
De Brito et a1 , 1966 
Higgins & Cousineau , 19 7 7a , b  
Higgins et a1 , 1979  

Sapp et al, 1980 

Van der Hoeden , 1953 

Cox & Twigg , 1981 
Miller et al, 1 974 

Adler & Bragger , 1979 

Abdu & Sleight , 1965 
Hambdy & Ferguson , 1957 
Miller & Wilson , 1962 
Miller & Wilson , 1966 
Miller & Wilson , 1967 
Sanger et al, 1961 

Bryans , 1955 

Bryans , 1955 
Morter et a1 , 1969 

Bryans, 1955 

Bryans , 1955 

Bryans , 1955 

Sitprija et a1 , 1980 
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Breitenfeld & Gug ic , 1977  

Arean , 1962a 
De Brito et a1 , 1965 
De Brito et a1 , 1967 

Jaroonvesama et a1 , 1975 



Table 1-1 cont'd 

Animal 

Mice 

Pigs 

Sheep 

Leptospiral Reference :  Authors & Date 
serovar Experimental Infections Natural Infect ions 

pomona Marshall � 197 3; 1976 

icterohaemorr- Nisbet , 1951 
hagiae 

pomona 

gryppotyphosa 

pomona 

Langham et a1, 1958 
Morse et al, 1958 
S leight et al, 1960 

Vaa der Hoeden,1953 

Bauer et a1, 1961 
Decker et al, 1970 
Hodges , 1974 
Hodges et al, 1976 
Lindqvist et a1,1958 
Marshal!, 19 7 3;1974 
Mil lar et al, 1977 
Morse e t  a l ,  1957 
Morter, 1961 

Bryan, 1954 
Ferguson et a1 , 1956 
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1 . 1  HOST FACTORS 

1 . 1 . 1 Species of animal 

Certain species of animal are more suscep t ible  to severe 

c linical d isease caused by leptospiral inf ec tions than others . 

Cat tle , sheep , pigs and dogs are readily infec ted both naturally 

and experimentally . There have been no records o f  natural leptospiral 

inf ections of hamsters and guinea pigs al though b oth may be readily 

infec ted experimenta l ly , usually with a fatal result . These 

species have been widely used in studies of pathogenesis and 

pathological lesions . 

Serological evidence is present for the natural infec t ion of 

cats (Shophet , 1 9 7 9 )  and horses (Bryans ,  1 955 ) �  There is l it tle 

sign of c linical disease in cats (Fessler & Mort er , 1964 ; Shop het , �-

1 979) . Horses exhib it only a slight pyrexia and leucocytosis 

af ter infec tion al though periodic opthalmia has been sugges ted as 

being caused by the infect ion (Bryans ,  1 955 ; Morter et al , 1969 ) . 

The presence or absence of haemolysis depends upon the species 

of animal and the infecting serovar or s train of serovar . It  has 

been shown in vi tro that parasitic leptospires including pomona and 

i cterohaemorrhagiae haemolyse ruminant RBC ' s  faster than non-ruminant 

RBC ' s  (Kasarov , 1 9 70 ) . This is thought to be  due to the fac t that 

the membrane of ruminant RBC ' s  contain large amounts of sphingomyelin 

which is  degraded more rapidly than other membrane phospholipids 

(Kasarov , 1 970) . 

1 . 1 . 2  Age of the animal 

Young animals  are usually more suscep tible to severe clin ical 

disease caused by leptospiral infection than adults . Susceptible 

calves infected with pomona develop severe fatal disease (Kemenes , 

1974 ; Reinhard & Hadlow ,  1 954 ; Spradbrow & Seawright , 1963)  more 

often than adult cattle (Ferguson et al , 1 95 7 ; Hadlow & S toenner , 

1 955; Hambdy & Ferguson , _ 1 95 7 ; . Morter et a.I , 1 958 ; Reinhard & 

Hadlow , 1954 ; Sleight et al , 1 964) . Lambs infec ted with po�ona 
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also show more severe disease (Hedges , 1 9 7 4 ;  Millar et al , 1 9 7 7 ; 

Morse et al , 1 95 7)  than older sheep which show no or only mild 

symptoms (Lindqvist et al , 1 958) . 

Severe disease has been reported in sows and their litters 

infected with pomona , while ' feeder ' age pigs show only a very mild 

form of the disease (Morse et al7 1 95 8 ;  Sleigh t  et al , 1 960 ) . The 

severe manifestations of the disease included anaemia , ic terus and 

haemoglob inuria (Bryan , 1 954; Ferguson et al , 1 9 56) . This reported 

occurrence of severe disease in this species is of interest because 

pigs are usually considered to be maintenance hosts for pomona 

(Hathaway , 1 98 1 ) ,  <:md show few c l inical signs of infec tion . 

However , these observa t ions were on field outbreaks and it is 

possible that the leptospirosis was coinc iden tal with another 

condition which was responsible f or the haemoglobinuria . 

1. 1. 3 Non-specific antibac terial sub stances 

Normal serum has an inhibitory effect on the survival . of 

saprophytic leptospires and no effect on Leptospira interrogans. 

This ac tivity is mediated via the complement system (Johnson & 

Muschel , 1 965) in conjunction with a S macroglobulin and lysozyme 

(Faine & Carter , 1 968) . 

Normal non-immune bovine serum has been shown to have an 

inhibitory effec t upon haemolysis induced by pomona cul ture 

supernatant . This effect increases with the a ge of the non-immune 

cattle (Kemenes , 1 97 4 ) . 

1 . 1 . 4 Specific immunity 

The presence of spec if ic antibody in the plasma of animals  

.inhibits the growth of parasitic leptospires (Alexander et al , 

1 9 7 1 ;  Faine et al , 1 9 7 4 ;  Johnson & Muschel , 1 966) and cross protec t ion 

occurs only with antigenically similar leptospiral serovars 

(Alexander et al , 1 9 71) . 
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1 . 1 . 5  Haemoglobin types 

Hedges et al  ( 1 9 7 6 )  suggest that sheep with haemoglob in 

type AB are more susceptible to leptospiral haemolysis than 

haemoglobin types A and B .  These results require further confirmation 

as only nine sheep in total , three of each haemoglobin type were used 

in the experiment on which the ob servations were made . 

1 . 2  LEPTOSPIRAL FACTORS 

1 . 2 . 1  Leptospiral serovar 

Different serovars of leptospire induce different disease 

syndromes and therefore presumably have different pathcgenic 

mechanisms . For ins tanc e ,  icterohaemorrhagiae infec tions of cattle 

(Dodd & Brakenridge , 1 960) , guinea pigs (Arean , 1962b ;  De Brito 

et al , 1 966 ; 1 979 ; Higgi�s & Cousineau , 1 9 7 7a )  and dogs (Low et al , 

1 956 ; Monlux , 1948b )  appear to be more haemorrhagic than pomona 

infec tions of cat tle (Ferguson et al , 1957 ; Spradbrow & Seawright , 

1 963) . 

Haematuria rather than haemoglobinuria was reported in 

bratislava infect ions of cattle (Fennes tad et al , 1 967) . Canicola 

infec tions of cattle varied in the presence (Turner et al , 1 958) 

or ab sence (Imbab i et al , 1 96 7 )  of haemoglob inuria . Although 

pomona infec tions of  cattle and ballum infections of hams ters both 

show similar manifestations of disease , hamsters infected with 

pomona show no signs of RBC destruc tion (Abdu & Sleight , 1 965 ; 

Sanger et al , 1 9 6 1 ) . 

1 . 2 . 2  Strain of serovar 

Differences in virulence have been demonstrated in diff erent 

isolates or strains  of pomona (Abdu & Sleigh t , 1 9 6 5 ;  Bauer & 

Morse , 1958 ) . Serial passage of pomona (Bauer & Morse , 1 958 ; 

Hambdy & Ferguson , 1 9 5 7 )  and i cterohaemorrhagiae (Cox & Twigg , 

1 98 1 )  have been shown to alter the virulence of the organism. 

S talheim ( 1 9 7 1 )  found that ' avirulent ' strains of pomona 

are more susceptib le to lysis by fresh rabbi t  serum than 

' virulent ' strain s . 
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1.2 . 3  Leptospiral ant igens 

Leptospiral organisms contain antigens associated with 

the axial f ilament , c ell  wall and cytoplasm which are composed of 

polysaccharide , lipid and protein and may be classified as 

agglutinating , haemagglutinating , complement f ixing or precipitating 

depending on their seroreac tion (Faine , 1 9 7 4 ) .  Faine & Carter ( 1 96 8 )  

postulated that there is a ' z '  an tigen which is more access ible 

to the host defences in ' avirulent '  forms and suggest that the 

change from ' virulence '  to ' avirulence '  is caused by the ' uncovering ' 

of the ant igen making the organism more suscep t ible to the host 

defence mechanisms . 

1 . 2 . 4  B iochemical activities of lep tospires 

Leptospires produce ' toxin s '  or cytotoxic fac tors (Arean 

et al , 1 96 4 ;  Chaperon et al , 1 9 7 9 ;  Finco & Low, 1 96 7 ;  Higgins· et al , 

1 9 7 9 ;  Knight et al , 1 9 7 3 )  and haemolysins (Ka sarov , 1 9 70 ; Stalheim , 

1 9 7 1 )  which have been associated with pathogenicity of the organism . 

The haemolysins f rom the serovars of leptosp ires which have 

haemolytic ac tivity are postulated to consist  of a number of dif ferent 

phospholipases (Kasarov ,  1 970) . Haemol ytic activity against sheep 

RBC ' s  has been shown to be present in both the cells and the culture 

supernatant of a variety of parasitic leptospires including pomona , 

icterohaemorrhagiae and canicola (Imamura et al , 1 95 7 ) . Valentine 

et al ( 1 964)  also found that both the pomona cells and pomona 

culture supernatan t  have haemolytic activity and concluded that the 

leptospires produce the ' toxin ' as they grow and release it into 

the cul ture supernatan t . In vi tro haemolyt ic act ivity has been found 

to vary with the species of animal from which the RBC ' s  are derived . 

Against sheep RBC ' s ,  pomona has the mos t  haemolytic ac tivity , 

icterohaemorrhagiae has less activity and canicola very l ittle 

(Imamura et al , 1 9 5 7 ) . Hathaway ( 1 978)  found that pomona is 

haemolytic , balcanica less haemolytic and hardjo and ballum 

non-haemolytic when cultured with human , cattle , sheep , possum 

and hamster RBC ' s .  Differences in enzymat ic activity for lip ids 

is also seen between ' virulen t ' and 'avirulen t ' strains of pomona . 
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' Avirulen t '  leptospires have less phosphol ipase C ac tivity again s t  

lecithin and lysolecithin and n o  ac tivity a gainst sphingomyelin 

( Stalheim, 1 9 7 1 ) . 

The in vitro ac tivity of the pomona haemolysins can be 

increa sed by increasing the amount of haemolysin , increasing the 

pH , increasing the magnesium ion concentration , decreasing the 

calcium ion concentration and having an optimal temperature of 

37°C for the reaction (Chorvath 1 9 75) . The phospholipase has 

b een shown to react similarly to phosphol ipase A, snake venom 

phospholipases and other bacterial phospholipases in the break­

down of leci thin to lysolecithin and fatty acids (Chorvath ,  1 97 4 ) . 

Pomona culture supernatant produces a s imilar ' membrane wrinkling ' 

to phosphol ipase A on bovine l ipids and l ipoids extrac ted from 

the bovine RBC membrane (Kemenes, 1 97 4 ) . This phenomenon is not 

seen with porcine lipid and RBC lipoids . The addition of crude 

phospholipids to the incubated cultures of washed sheep RBC ' s  

and pomona culture supernatant decreases haemolysis of the RBC ' s  

(Chorvath , 1 975 ) . 

Bauer & Morse ( 1 958)  demons trated n o  positive correlation 

between in vivo and in vi tro haemolytic activity of pomona 

in hamsters . This was conf irmed by S talheim ( 1 9 7 1 )  who showed 

that the loss of 'viLulence ' of pomona s trains  is not charac terized 

by a loss of haemolytic , esterase ,  l ipa s e ,  aminopeptidase or 

phospholipase C ac tivity . 

The inability of saprophytic lep tospires to haemolyse sheep 

RBC ' s  is thought to be due to their inability to degrade the large 

quantities of sphingomyelin in the sheep RBC membrane (Kasarov , 

1 970) . I t  has been found that sphingomyel in is degraded before 

other membrane phosphol ipids (Stalheim ,  197 1 ) . 

1 . 3 LEPTOSPIRAL-HOST INTERACTION 

1 . 3 . 1  Specific antibody-mediated immunity 

Johnson & Muschel ( 1 966 ) showed that spec ific antibody mus t  
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be added to complement to inhibit the growth o f  parasitic 

leptospires . An tiserum alone does not kill ' virulent ' lep tospires , 

it causes the leptospires to clump together , these clumps 

containing intac t and viable leptospires (Johnson & Harris , 1 9 6 7 ) . 

It is believed that agglut ination assists removal by the 

macrophage system .  Thus , if suf f icient antibody is present early 

in the disease then suf fic ient numbers of leptospires may be 

agglutinated and removed , otherwise leptospiral multiplica tion 

exceeds removal by macrophagei (Johnson & Harris , 1 967) . The 

presence of c irculating specific antibody has been shown to provide 

protec t ion against parasitic leptospires such as pomona (Alexander 

�t al , 197 1 ;  Kemenes ,  1 9 7 4 )  and i cterohaemorrhagiae (Faine et al , 

1 9 6 4 )  with cross protec tion occurring between antigenically 

s imilar organisms only (Alexander et al , 1 97 1 ) . 

Contrary to the work discussed in the previous paragraph 

where antibody was cons idered protective a gainst leptospiral 

infec tions , some evidence suggests that when antibody lyses 

leptospires , this releases hazmolysin which in turn lyses 

the RBC ' s.  Thus , Morter ( 1 96 1 )  t:eported that in sheep , an initial 

intravenous inj ect ion of killed pomona suspension produced an 

antibody titre but not haemoglobinuria . However following a 

second intravenous ·injec t ion , haemoglob inaemia occurred . An 

alternative explanation is that leptospiral extracts may 

sensitize the sheep RBC ' s  to the action o f  leptosp iral antiserum 

and complement and s o  cause haemolysis· (Cox , 1 955 ) . These results  

c onflict with those of  Bauer et  al  ( 1 96 1 )  who showed that the 

presence of pomona antibody protected lambs against  the 

administration of large amounts of pomona haemolys in .  

Fyrth�r work to  determine a relationship between the occurrence 

of anaemia and the presence of leptospiral agglutinins in sheep 

infected with pomona failed to produce c onc lusive evidence and 

autoimmune antibody against RBC ' s  was not detected (Decker et al , 

1 970) . 
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Ringen ( 1 966)  claimed that in bulls and goats infected with 

pomona and showing no c l inical signs of infec t ion , there is a 

decrease in the suscept ibility of the RBC ' s  to pomona haemolysin 

8- 1 3  days after infec t ion . He did not include RBC ' s  from non­

infected controls to detec t  daily f luc tuations in haemolysin 

ac tivity and in only one group of goats was preinoculation haemolysis 

measured . The reading in one of the preinoculation tested goats 

was as high as some at postinoculation .  No statistical analysis 

was or could be performed on his figures . The conclusions 

c annot therefore be considered reliable . 

1 . 3 . 2  Leptospiral phagocytosis 

Leptospiral phagocytosis has been observed in vivo in both 

immune and non-immune mice with greater invas ion of the tissues of 

the non-immune mice ( Fa ine , 1 964 ) . In non-immune mice organisms 

are seen between or within parenchyma! cells as well  as within 

Kupffer cells ,while in immune mice organisms are seen only within 

·Kupffer cel l s .  Faine ( 1 964 ) also observed that there is no histologic 

evidence of t issue reaction to the leptospires within 30 minutes of 

infection and that the lungs of immune mice ' accumulate ' leptospires 

more rapidly than the lungs of non-immune mice .  This function of the 

lungs has not been described by other workers . Specific antibody 

in immune mice produced by specific resis tence may enhance 

phagocytosis (Faine et al , 1964) . 

2 . 0  THE C LINICAL S IGNS AND PATHOLOGY OF LEPTOSPIRAL INFECTIONS 

WITH PARTICULAR REFERENCE TO RED BLOOD CELL LOS S  A�D 

DESTRUCTION 

Following the infection of susceptible  animals ,  there is a 

bacteraemic phase during which the leptosp ires multiply and spread 

through the blood s tream. At this time , leptospires may be isolated 

from most body t issues (Sange� et al , 1 96 1 ) . If the animal survives , 

the leptospires disappear from the tissues and blood stream and 

remain only in the proximal convoluted tubules of the kidneys 

(Faine , 1964 ; Marshal ! , 1 9 7 3 ;  1 9 76 ; Miller & Wilson , 1 96 7 ;  

Sanger et al , 1 96 1 ) . 
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2 . 1 RED BLOOD CELL LOS S AND DESTRUCTION 

In any infection , anaemia may result from either increased 

removal or breakdown of RBC ' s , haemorrhage , or decreased forma tion 

(Benjamin , 1 9 7 9 ; Duncan & Prasse, 1 9 7 8 ) . 

Anaemia is often present in calves (Reinhard & Hadlow , 1 954 ; 

Spradbrow & Seawright , 1 96 3) and lambs (Hodges , 1 974 ; Hedges et al , 

1 9 7 6 ;  Millar et al , 1 9 7 7 ; Morse et al , 1 9 5 7 )  infec ted with pomona 

and calves infected with canicola (Turner et al , 1 958) as a result 

of RBC destruc tion and haemoglobinaemia .  The extent of the anaemia 

depends upon the degree of RBC destruct ion which is reflected by a 

decrease in PCV and haemoglob in . 

��ile RBC destruc tion resulting in haemoglobinaemia has of ten 

been noted (Hodge s ,  1 974 ; Hedges et al , 1 976 ; Mill ar et al , 1 97 7 ;  

Morse et al , 195  7 ;  Reir..hard & Had low,  1 954 ; Spradbrmv & Seawright , 1 96 3 ;  

Turner et al, 1 958) causal lesions , either biochemical or morphological 

have not . General studies on RBC ' s  have shown that mature RBC ' s  

from most domestic animals are biconcave disks (Bessis , 1 9 7 3 ;  

C larke & Salisbury , 1 96 7 ; Jain & Kono , 1 97 2 ;  Petz & Garratty , 1 980) 

while immature RBC ' s or reticulocytes are larger , rounded cells 

with large surface irregularities caused by r���b�Jj movement of  

the cell and small  surface pits due to collapsed pinocytic vesicles 

(Bessis , 1 9 7 3 ) . 

The b iconcave shape is necessary for the normal func tion and 

lifespan of the RBC . Flexibility of the membrane and deformability 

of the cell are necessary for the survival of the cell in vi vo 

as extreme shape changes occur when RBC ' s  enter the microc irculation 

(Bessis , 1 9 7 3 ;  Jandl ,  1 965 ; 1966 ; La Celle,  1 9 7 0 ;  Nathan , 1 96 9 ) . 

The maintenance of shape is not thought to b e  due cto any definite 

structural fac tors but rather is due to the combination and balance 

of physical and metabolic features of the cell contents and the 

membrane (Grimes,  1 980) . In vi tro studies have 3hown that the cell 

will regain its  normal shape once free of  the deforming f ac tors , 

even if these factors result in the loss of some membrane (La. Celle 

1 970 ; Weed & La.Gelle , 1 96 9 ) . 
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Shape changes  will occur with al teration in the transport of 

sodium (Na
+

) and potas sium (�) across the membrane (Tosteson , 1 96 9 ;  

Tosteson & Hoffman , 1 960 ; Zarkowsky e t  al , · 1 968) , depletion of 

sources of ATP (Bessis , 1 9 7 3 ;  Brecher & Bessis , 1 9 7 2 ;  Palek et al , 

1 9 74 ; Palek et al , 1 97 8 ) , alteration in the membrane choles terol 

c ontent (Cooper , 1969 ; Murphy , 1965 ; Weed & Reed , 1 966) and 

alteration of cellular magnesium (Mg2+) and calcium (Ca2+
) content 

(LacC�lle , 1 97 0 ;  Palek et. al , 1 974 ; Weed & La Celle ,  1 96 9 ;  Weed et al , 

1 96 9 ) . 

The mechanisms f or leptospiral des truction of RBC ' s  have not 
. 

been described but on theoretical grounds it  is  appropriate to 

consider tha t  RBC destruction may occur through several mechanisms . 

i)  Osmotic haemolysis 
+ + 

A balance in Na and K is required f or the osmoti� 

regulation of the RBC . This balance requires energy in the form of 

ATP (Firkin & Wil8y ,  1 966 ; Jandl , 1 96 5 ; Jandl & Aster , 1 9 6 7 ; 

Murphy , 1 96 3 ;  Tosteson , 1 96 9 ) . 

Osmotic haemolysis is  caused by a breakdown in osmotic 

regulation and volume control which may be the result of either 

diminished cation transport or increased membrane permeability . 

The end result of either defect is  the accumulation of Na
+ 

and 

water al though the initiating factor may be quite different 

(Jandl , 1 96 5 ) . Haemolysis occurs when a 60-70% increase  over the 

normal RBC volume is reached (Jandl , 1 965)  unless membrane loss has 

occurred and the haemolytic volume is in fact reduced (Jandl ,  1 96 5 ;  

Jandl & Aster , 196 7 ; Weed & Reed , 1 96 6 ) . During hypotonic haemolysis 

uns table holes are formed (Seeman , 1 9 6 7 )  which allow the escape of 

haemoglobin . 

ii) Struc tural damage to the RBC membrane by ' toxins ' 

This may result from a variety of agents . Saponin 

(Dourmashkin & Ross e ,  1 966 ; Seeman , 1 96 7) and lysolecithin ( Brecher 

& Bessi s ,  1 9 7 2 ; Seeman , 1967 )  disrupt the bimolecular phospholipid 

layer of the RBC membrane to form s table holes from \.Yhich the 

haemoglobin escapes ( Seeman , 1 967 ) . 
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Bacterial ' toxins ' (Bernheimet< , 1 974 ; Chorvath , 1 974 ; 

Dourmashkin & Rosse,  1 966 ; Kemenes , 1 9 74) often have 

phospholipase act ivity . S treptolysin 0 produced membrane les ions 

of 50nm (Bernheimer , 1 974)  which are large enough to permit the 

escape of haemoglobin molecules ( Seeman , 196 7 ) . Mos t  work on 

leptospiral ' toxins ' has been aone in order to demonstrate 

phospholipase act ivity (Chorvath , 1 974 ; 1 97 5 ; Kasarov , 1 9 70 ; 

Kemenes , 1 9 7 4 ; Stalheim , 1 9 7 1 ) , based upon th2 a ssumption tha t the 

los s of haemoglob in must result from lesions in the membrcme which 

are large enough to permit the escape of haemoglob in .  The maj ority 

of work has b een done on pomona , the ' toxin ' from which has been 

shown to have phospholipase-like activity (Chorva th ,  1974 ; 

Kasarov,  1 9 70 ) . The greater degree of haemolysis of ruminant RBC ' s  

b y  leptospiral ' toxins ' has been explained on the b�sis that 

ruminant RBC ' s  have a larger quantity of the membrane phospholipid 

sphingomyel in (Kasarov, 1 97 0 ;  Kemenes , 1 9 7 4 ) . The ' toxins ' degrade 

sphingomyelin more rapidly than other membrane phospholip ids such 

a s  lecithin which are f ound in higher concentrations in non­

ruminant RBC ' s . 

There is , however , a danger in assuming that the above i n  

vi tro inves tigations may apply directly in vivo .  N o  work has 

b een done to discover alternative in vivo mechanisms for RBC 

destruction. 

iii) Immune Complexes 

Immune complexes have been shown to produce 

transmembranous channels by an orderly sequenc e o f  compl ement 

mediated enzyme react ions (Borsos et al , l964 ; . Dourmashkin 

& Rosse , 1 966 ) . Complement lesions were f ound to be 10nm 

in diameter , too small  to permit the escape of haemoglobin but 

large enough to cause increased cation permeability and therefore 

water uptake (Dourmashkin & Rosse , 1 966 ) . The resultan t  osmotic 

haemolysis can be inhib ited by environment macromolecules 

(Frank et al , 1965 ; Sears et al , 1 964 ) . Ant ibody-complement 

mediated haemolysis has been suggested to occur ir. lep tospiral 
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infections (Cox , 1955 ) . He suggested that leptospiral extracts 

sen sitize sheep RBC ' s  to the action of antibody and complement 

with resultant haemolysis . This aspect was discussed previously 

in sec tion 1 . 3 . 1 .  

A small degree of haemorrhage is seen in most  infec tions with 

some infec tions notably those by icterohaemorrhag.iae tending to be 

more haemorrhagic . Icterohaemorrllagiae infect ion s  of guinea pigs 

(Arean et al., 1 964 ; De Brito et  al , 1979 , Higgins & Cousineau , 

1 9 7 7 a , b )  hams ters (Miller et al , 1 9 7 4 )  and cattle (Dodd & 

Brakenridge , 1 960) ; bratislava (Fennestad et al , 1 96 7 )  and szwajizak 

• (Nervig et al , 1978)  infect ions of cattle ; bataviae (Keenan 

et al , 1978)  and icterohaemorrhagiae and canicola (Bloom, 1 94 1 ;  

Finco & Low, 1 968 ; Low et al , 1 956 ; Monlux , 1 94 8b )  infections of 

dogs are all characterized by petechial haemorrhages of the 

carcase . It is postulated that the haemorrhagic lesions in guinea 

pigs (Arean et al , 1964 ; De Brito et al , 1 97 9 ; De Brito et al , 1966 ; 

Higgins & Cousineau , 1 97 7 ,  a , b) and hamsters (Miller et al , 1 9 7 4 )  

caused by icterohaemorrhagiae are caused b y  damage t o  the endothelia l  

c ells of blood vessels (De Brito e t  al , 1966 ; D e  Brito e t  al . 1 979 ; 

Miller et al , 1 9 74 ) . Haemorrhagic lesions caused by vascular damage 

and/or thrombocytopaenia are thought to be associated with the 

production of a cytoxic factor or an endotoxin (Arean et al , 1 964 ; 

Chaperon et al , 1 97 9 ;  De Brito et al , 1 97 9 ; Higgins et al , 1 97 9 ; 

Miller et al , 1974) . 

It  is postulated that haemorrhage may also result f rom 

a ltered clotting factor s .  While extensive studies o f  c lotting 

factors have not been done in most leptospiral infection s ,  the known 

a lterations are summarized in Table 1-2 . 

A cytotoxic factor derived from canicola organisms (Chaperon 

et al , 1 9 7 9 ;  Finco & ·Low, 196 7)  was found to produce platelet 

aggregation and sequestration in the spleen and the associated 

thrombocytopaenia was thought to be partly responsible for the 

haemorrhages which were observed in hamsters which were inj ected 

with this fac tor (Chaperon et al , 1 9 79 ) . 

1 7  



18  

Table 1-2 :  Alterations in b lood clotting factors during leptospirosis 

Animal 

species 

Dog 

Guinea 
pig 

Leptospiral 
serovar 

bataviae 

canicola & 
ictero­
haemorrhagiae 

Clotting Factor Alt erat ion 

Thrombocytopaenia present; 
Normal clotting t ime 

Thrombocytopaenia present; 
Normal clotting t ime 

ictero- Thrombocytopaenia present ; 
haemorrhagiae Decreased clot ting fac tors 

VII I ,  IX, X, XI , XIII ;  
Fibrinogen breakdown· ­
products present 

Increased prothromb in ,  
thrombin and par t ial 
thromboplastin t imes 

Hamster canicola 
' toxin ' 

Thrombocytopaenia 

Human bataviae 

bataviae, 
aust:ralis 

a.ut:umnalis , 

akiyami 

Rabbits canicola 
' toxin ' 

Thromboplas�in .and 
Prothrombin t imes normal ;  
Fac tors VIII and V normal;  
Fibrinogen level s  normal ; 
Slight thrombocytopaenia 

Partial thromboplastin 
and prothrombin t imes 
increased ; 
Fac tors V and X decreased ; 
Factor VIII norma l ;  
Slight thromb ocytopaenia ; 
Clotting times normal 

Thrombocytopaenia 

Author 

Keenan et al, 1978 

Monlmc , 1948a . 

Higgins & Cousineau, 1977a.  

Chaperon e t  a l ,  1 9 7 9  

Sitprija e t  al, 1980 

Jaroonvesama et al, 1975  

Finco & Low, 1967 



A mild to moderate anaemia is associated with haemorrhagic 

canine canicola and icterohaemorrhagiae infec tions , bratislava 

inf ec tions of cattle (Fennestad et al , 1 9 6 7 )  and i cterohaemorrhagiae 

infec tions of guinea p igs (Higgins & Cousineau, 1 9 7 7b ) . In these 

cases the severity of the anaemia was determined by the degree of 

haemorrhage . 

Anaemias resul ting f rom depression of the bone marrow have not 

been reported during leptospirosis . 

2 . 2  SPLENIC AND OTHER LYMPHOID TISSUE LESIONS 

The spleens from acutely ill hamsters (Abdu & Sleight , 1965)  

and cattle (Cordy & Jasper , 1 952 ; Reinhard , 1 95 1 ; Spradbrow. & 

Seawright , 1 963)  infected with pomona , and dogs infected with 

canicola and icterohaemorrhagiae (Gleiser , 1 95 7 ; Low et al , 

1 95 6 ;  Monlux , 1948b)  are enlarged , swollen and friable . 

Histologically splenic congestion is a constant feature of 

acute , severe leptospirosis , particularly when the animal is  

haemoglobinaemic (Arean , 1 96 2b ; Arean et al , 1 96 4 ; Reinhard & 

Hadlow, 1 954 ; Spradbrow & Seawright , 1963) . Haemosiderosis is 

particularly obvious in those animals which are haemoglob inaemic 

a s  seen in pomona infections of cattle (Hadlow & Stoenner , 

1 955 ; Reinhard ,  1 95 1 ;  Reinhard & Hadlow ,  1 95 4 )  but is also seen 

in dogs infected with canicola and icterohaemorrhagiae in which 

haemoglob inaemia is not a f eature (Bloom, 1 94 1 ) . 

Focal necrosis and PMN inf iltration of the sinusoids of the 

red pulp is common (Bloom,  1 94 1 ; Cordy & Jasper , 1952 ; Spradbrow & 

Seawright , 1 96 3) . Extramedullary haemopoiesis (Arean , 1 96 2b ; 

Arean et al , 1 964 ; Bloom ,  194 1 ; Monlux, 1 948b ; Reinhard & Hadlow, 

1954)  and lymphoid depletion of the lymphoid follicles  (Reinhard 

& Hadlow,  1954)  have also been reported . 

Few histological descriptions of lymph nodes are p resent 

in the literature . Oedema , hyperaemia and enlargement of the 
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suprascapular , femoral , popliteal and mesenteric lymph node have 

been reported in canicola infected calves ( Imbabi et al , 1 9 6 7 ) . 

In dogs infec ted with canicola and icterohaemorrhagiae , the 

caeca-colic lymph nodes showed severe distension of the medullary 

sinuses with blood and erythrophagocyt ic macrophages (Monlux , 1 948b ) . 

Blood lymphocyte numbers are given in some references , and 

show variation as summarized in Table 1-3 . 

Thus , although the presence of congestion and haemosiderosis 

has been noted in the spleens of haemoglobinaemic animals only the 

• occasional mention of erythrophagocytosis such as that by Cordy 

& Jasper ( 1 9 5 2 )  is made . The mechanism for the removal of RBC ' s  

has not been d iscussed in any detail in the literature . 

The func t ions of the spleen are thought to rely upon the 

complex struc ture of sinusoids , reticular cords and spaces between 

the cords and the numerous macrophages and reticular cells ( Dellman 

& Brown , 1 9 76 ; Galindo & Freeman , 1 9 6 3 ;  Weiss , 1 96 2a) . Fen«?strations 

in the capillary endothelial linings lead to the skimming off of 

plasma and haemoconcentration (Jandl & Aster , 1 96 7 ;  Weiss , 1 96 2a) . 

RBC ' s  may pass through the spleen by either of two routes (Galindo 

& Freeman , 1 96 3 ;  Dellman & Brown , 1 9 76 ; Jandl & Aster , 196 7 ) . The 

f irst  a relatively direct trans it through the sinusoids and the 

second a slow transit through the tortuous and divided spaces 

between reticular cords . The slow route forces the RBC ' s  to pass 

through small endothelial openings thereby testing the cells 

deformabil ity , membrane f lexibility and cell filterability . 

A decrease in filterability for any reason l eads to RBC 

sequestration (Crosby , 1 9 7 7 ; Jandl ,  1 966 ; Jandl et al , 1 96 1 ;  Rifkind , 

1965 ; 1966 ; · Weiss , 1 9 6 2b) . Abnormal RBC ' s  such as those 

containing Howel l-Jolly bodies , Heinz bodies , Cabot Rings and 

parasites are sequestered and either these abnormal structures 

removed from the RBC or the RBC removed from circulation (Natham, 

1 9 6 9 ) . 

In some cases , splenic sequestration may induce abnormal shape 

20  



Table 1-3:  Circulating leucocytes in leptospirosis 

Animal Leptospiral Leucocyte Alteration 
species serovar 

2 1  

Author 

Cattle canicola Leccocytosis (neutrophil ia) Imbabi et al, 1 96 7 

Dogs 

Guinea 

pomona 

unknown 

canicola 

ictero­
haemorrhagiae 

bataviae 

followed by a leucopaenia 
(neutropaenia & lymphopaenia) 

Leucopaenia (neutropaenia 
and lymphopaenia) 

Variation in WBC levels 

Leucopaenia (neutropaenia 
and lymphopaenia) 

Leucocytosis (neutrophilia 
and lymphopaenia) 

ictero- WBC levels normal 
haemorrhagiae 

Hamsters pomona Leucocytosis (neutrophilia 
and lymphopaenia) 

Horses 

Humans 

Pigs 

Sheep 

canicola & 
pomona 

ictero-

haemorrhagiae 

gryppotyphosa 

bataviae 
a ustralis 
autumnalis 
akiyami 

pomona 

pomona 

Leucocytosis (neutrophilia 
and lymphopaenia) 

Leucocytosis or leucopaenia 

Leucocytosis and lymphopaenia 

Leucocytosis 
Leucotytosis 
Leucotytosis 
Leucotytosis 

Leucocytosis followed 
by leucopaenia 

Neutropaenia and 
lymphocytosis 

Reinhard & Hadlow ,  1 954 

Reinhard & Hadlow ,  1954 
Spradbrow & Seawright , 196 3  

Rcinhard , 1 9 5 1  

Bloom, 194 1 
Monlux , 1948a 

Keenan et al , 1 978  

Higgins & Cousineau , J. 977b . 

Abdu & Sleight , 1965 

Bryans , 1955 

Arean , 1962a 

Breitenfeld & Gugic , . 1 977  

Jaroonvesama e t  al, 1 9 7 5  

Sleight e t  al, 1 960 

Marshall ,  1 9 7 3  



(Grimes , 1980 ; Jandl & Aster , 1 96 7 ) . During sequestration , the 

cells are exposed to lowering glucose ?nd ATP levels and increasing 

levels of metabolites (Jandl & Aster , 1 96 7 )  and as has been 

reported in hereditary spherocytosis , increased fragility and 

deformation occurs in older cells after passage through the 

spleen (Griggs et al , 1 960 ; Grime s ,  1 980) . 

The splenic c irculation also exposes the RBC to severe 

mechanical trauma (Weiss , 1962b)  and the more severely damaged 

RBC ' s  may undergo intravenous lysis while within the splenic 

pulp (Rifkind , 1965) . 

Once sequestered in the spleen , the RBC ' s  are rapidly 

haemolysed and the slight increase in plasma haemoglobin that 

occurs suggests  that some haemoglobin may be released back into 

c irculation (Jandl et al ,  1957) . Following phagocytosis of the 

entire RBC , the haemoglobin is rapidly removed and insolub le 

membranes and Heinz bodies are more slowly degraded (Rifkind , 1965) . 

2 . 3 HEPATIC LESIONS 

Livers from acutely ill animals are enlarged , swollen and 

friable (Abdu & Sleight , 1 9 6 5 ;  Arean , 1 96 2a , b ;  Cordy & Jasper , 1 952 ; 

Gleiser , 1 95 7 ;  Low et al , 1 95 .6 ;  Monlux , 1 948b ; Reinhard , 1 95 1 ; 

Spradbrow & Seawright , 1963) . Jaundice of the carcase is of ten seen 

in cattle ( Fennestad et al , 1 96 7 ;  Imbabi et al , 1 967 ; Nervig et al , 

1978 ; Reinhard , 1 95 i ; Reinhard & Hadlow,  1954 ) , hamsters (Sanger 
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et al , 196 1 )  and dogs (Bloom, 1 94 1 ;  Keenan et ai , 1 978 ; Low et al , 1 956 ; 

Monlux , 1 94 8b )  although some experimental infec t ions of cattle 

( Spradbrow & Seawright , 1 963) , hamsters (Abdu & Sleight , 1 96 5 )  and 

dogs (Bloom, 1 94 1 )  have hepatic lesions not associated with 

j aundic e .  

Histological examination o f  a l l  cases in which the animals died 

from, or were euthanased in the late stages of acute , severe 

leptospirosis showed severe hepatic congest ion (Arean , 1 96 2a , b ; 

Bloom, 1 94 1 ;  Cordy & Jasper , 1 95 2 ; Higgins & Cousineau ,  1 9 7 7 a , b ) , 



hepatocyte vacuolation and necrosis (Abdu & Sleight , 1 965 ; 

Arean , 1962b ;  Bloom ,  1 94 1 ;  Cordy & Jasper , 1 95 2 ; Dodd & 

Brakenridge , 1 960 ; Ferguson et al , 1 95 7 ; De Brito et al , 1 96 6 ; 

Reinhard & Hadlow, 1954 ; Sanger et al , 1 96 1 ;  Spradbrow & Seawright , 

1 96 3 ) , and disruption of hepatic cords (Arean , 1 96 2a , b ; Bloom ,  

1 94 1 ;  De Bri t o  e t  al , 1 966 ; Gleiser , 1 9  5 7 ; Dodd & Brakenridge , 

1960 ; Higgins & Cousineau , 1 977a , b ;  Monlux , 1 948b ) . Mononuclear 

cell infiltrations particularly around portar areas were 

prominent (Abdu & Sleight , 1 965 ; De Brito et al , 1 966 ; Dodd & 

Brakenridge , 1 960 ; Ferguson et al , 1 95 7 ; Hadlow & Stoenner , 1 955 ; 

Imbabi et al , 1 96 7 ; Monlux ,  1 948b ; Nervig et al , 1 978 ; Reinhard 

.& Hadlow, 1954 ; Spradbrow & Seawright , 1 963)  and were often 

accompanied by desquamation of the bile duc t epithelium 

(Reinhard & Had low ,  1 95 4 )  and bile stasis (Cordy & Jasper , 1 95 2 ) . 

Haemosiderin has been found within the Kupf fer cells of 

calves infected with pamona which died within seven days following 

the onset of haemoglobinaemia as sociated with RBC destruc t ion 

(Reinhard & Hadlow, 1 954) . Haemosiderin has also been seen in the 

liver of some dogs infected with canicola and icterohaemorrhagi ae 

(Bloom, 1 94 1 ;  Gleiser , 1957 ; Monlux , 1 948b ) . The Kupffer cells in 

icterohaemorrhagiae infections show erythrophagocytic activity 

(Arean 1962a ; Gleiser , 1 957)  and hyperplasia· (Arean , 1 96 2a ; 

De Brito et al , 1 966}. Erythrophagocytosis in the Kupffer cells 

during icterohaemorrhagiae infec tions is suggested as result ing from 

increased RBC destruc t ion (Gleiser , 1 95 7 )  even though haemoglob inaemia 

is absen t .  In general the liver is thought to be less sensitive 

than the spleen to minimally damaged RBC ' s  but will detec t and 

sequester severely damaged RBC ' s  (Jandl & Kaplan , 1 960 ; Rifkind , 

1 96 5 ;  1 96 6 ; Wagner et al , 196 2 ; Weiss , 1 96 2b )  and is an important 

site of erythrophagocytosis because of its large blood supply . 

Electron microscopic studies of icterohaemorrhagiae 

infect ions of guinea pigs (De Br ito et a Z ,  1 966)  and pomona 

infections o f  hamsters (Miller & Wilson ,  1 966)  showed enlarged 

Kupffer cells , damaged bile duc t s  and hepatocytes had swollen 

mitochondria and endoplasmic reticulum, with loss of glycogen . 
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Leptospires are seen between hepatocytes , in the space of Disse 

and occasionally intracellularly in hamsters infec ted with pomona 

(Miller & Wilson , 1 966 ) . 

Histochemical s tudies of hepatocytes show decreases in the 

intracellular enzymes isoc itrate dehydrogenase , glutamic 

dehydrogenase and suc c inic dehydrogenase in icterohaemorrhagi ae 

infected guinea pigs (Arean & Henry , 1 96Ll ) . The enzyme depletion 

in hepatocytes is more severe than indicated by concentrations of 

the enzymes in serum indicating that serum enzyme levels may not 

be a particularly sensitive indicator of l iver disease (Arean & 
·Henry , 1 964)  . 

In animals comp letely recovered from severe leptospiral 

infec tions or those which had only a mild or subclinical infec tion , 

no s ignificant hepatic lesions are present (Mor ter et al , 1 958 ; 

�leight et al , 1 964 ) . 

Alterations in serum enzymes affected by hepatic disease are 

summarized in Table l-4 and , when measured , were usually raised . 

While detailed histological and histochemical descrip tions 

of liver lesions have b een made , the effects  of liver disease upon 

RBC morphology have not been discussed . Only occasional 

reference is made to erythrophagocytosis (Arean , 1 962a ; Gleiser , 

1 9 5 7 ) . 

The liver produces lecithin-cholesterol acyl transferase 

(LCAT) which maintain s  plasma levels of free and esterif ied 

cholesterol (Raz et al , 1969 ) . Depletion of LCAT by liver 

disease may resul t in the presence of acanthocytic forms of 

RBC ' s (Bessis , 1 9 7 3 ;  Douglass et al , 1 96 8 ; Grimes , 1 980) . 

Reduction of LCAT results either directly from reduced hepatocyte 

produc tion or inhibition of enzyme activity by increased level s  

of bile salts (Gj one & Norum, 1 9 70) . The amount o f  membrane 

cholesterol affec ts RBC shape (Cooper , 1 9 6 9 ; Murphy , 1 9 6 2a ,  b ) . 

24  



25 

Table 1-4 : Biochemical changes in the blood during . leptospirosis 

Animal 
species 

Cat tle 

Dogs 

Guinea 
p igs 

Leptospiral 
serovar 

bra ·tislava 

pomona 

bataviae 

Biochemical Al teration 

Blood urea nitrogen (BUN) 
elevation 

Alkaline phosphatase (AP) 
elevation 
BUN elevation. 

AP elevation. 
Bilirubin elevation 

Author 

Fennestad et al . 1967 

Spradbrow & Seawright , 1963 

canicola & BUN elevation 

Keenan et al • 197 8  

Bloom, 1941 
ictero­

haemorrhagiae 

ictero­
haemorrhagiae 

Bilirubin elevation 

Aspartate amino transferase 
(AAT) elevation 
AP elevation . 
Glutamic . pyruvic transaminase 
(GPT) l evels normal 

Low et al . 1956 
Mclntyre & Montgomery , 1952 
Mon1ux , 1948a 

· 

Bloom, 1941 

BUN elevation Arean & Henry , 1964 
AAT elevation 
AP elevation 
GPT levels normal Higgins & Cousineau , 1977b 
BUN elevation 
Bilirubin elevation Arean , 1962b 

Hamsters pomona BUN elevation Abdu & Sleight , 1965 

Humans 

Horses 

Sheep 

gryppotyphosa AAT elevation 
AP elevation 

ictero­
haemorrhagiae 

bataviae 
autumnal is 

australis 
akiyami 

canicola & 
pomona 

pomona 

GPT levels normal 
Bilirubin elevation 

BUN elevation . 
Bilirubin elevation 
AP levels normal 

BUN elevation 
Bilirubin elevation 

Bil irubin elevation 

Arginase elevation 
AAT elevation 
GPT elevation 
AP levels normal 

Breitenfeld & G�g�c • . 1977 

Arean , 1962a 

Jaroonvesama et a1 , 1975 

Bryans , 1955 

Millar et al, 197 7  



Plasma cholesterol and membrane choles terol are f reely exchangeable 

(Cooper , 1 96 9 ;  Gj one & Norum,  1 970 ; Murphy , 1 9 6 2a , b ;  Ways et al , 

1 96 3 ;  Weed & Reed , 1966 ) . Hence ,  liver disease may affec t RBC 

shape via plasma cholesterol levels . The only workers to have 

measured p lasma choles terol in leptospirosis found no al teration 

in levels in sheep infected with pomona (Millar et al , 1 97 7 ) . 

Had alterations in the RBC shape occurred a s  a result of changes 

in membrane cholesterol concentration, then detec tion and 

sequestration of RBC ' s  may have occurred in the spleen and if 

severe enough , in the liver (Crosby , 1 97 7 ;  Jandl et al , 1 965 ; 

Jandl & Kaplan , 1 960) . 

Alterations in c lotting factors have been summarized in 

Table 1-2 .  The liver is the source of clotting factors I ,  I I ,  

V ,  VII , IX, X ,  XI , XII1(�enj amin , 1 979)  and while the haemorrhages 

in such leptospiral infections as icterohaemorrhagiae in guinea p ig s  

was a ttributed predominantly t o  vascular damage (De Brito e t  al , 

1 966 ; De Brito et al , 1 9 7 9 ;  Miller et al , 1 9 74 )  they may also have 

resul ted from altered clot ting factors caused by the liver 

damage which was also presen t .  

2 . 4  RENAL LESIONS 

The kidney has been the mos t  studied of all  organs in 

leptospirosis because it may show both gros s  and histological 

lesions in animal s which have recovered from the infection and 

animals which showed no clinical signs following infection 

(Gleiser , 1 957 ; Hadlow & Stoenner , 1 955 ; Langham et al , 1 958 ; 

Low et al , 1 956 ; Morse et al , 1 95 8 ;  Reinhard & Hadlow, 1 954 ; 

Sleigh t  et al , 1960 ; Spradbrow & Seawright , 1 96 3) . 

In acute cases of the disease , the k idneys are enlarged , 

swollen and friable  (Abdu & Sleight , 1965 ; Arean , 1962a , b ; 

Cordy & Jasper , 1 95 2 ; Gleiser , 1957 ; Low e t  al , 1 956 ; Monlux , 

1948b ; Reinhard ,  1 95 1 ;  Spradbrow & Seawright , 1 963) . In those 

· animals which either show no clinical s igns or recover from 

acute infections , the kidneys are either normal in shape or 
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or slightly contracted . Pale radial or focal cortical lesions were 

seen in cattle (Hadlow & Stoenner ,  1 955 ; Reinhard , 1 95 1 ; Sleight 

e t  al , 1964 ; Spradbrow & Seawright , 1 96 3 ) , cats (Fessler & 

Morter , 1 964 ; Shophe t ,  1 979) , goats (Morse & Langham , 1 958) , 

sheep (Lindqvist et al , 1 958 ; Marshal ! ,  1 9 73)  and pigs (Langham 

et al , 195 8 ;  Sleight et al , 1 960 ) .  

Histologically there is much variation in the renal lesions 

of those animals dying from acute severe leptospiral infections , 

those euthanased af ter survival of a severe infection and those 

which were mildly or subclinically infected .  The maj or cellular 

. changes are summarized in. Tab le 1-6 . In cattle
. 

(Reinhard , 1 95 1 ;  

Spradbrow & Seawright , 1 963) , dogs (Mc intyre & Montgomery , 1 9 5 2 ; 

Monlux , 1 94 8b )  and hams ters {Miller & Wilson , 1 9 6 7 )  large 

difference s  in the renal pa.thology have been described between 

animals infected wi th the same serovar . 

Histochemical studies show large decreases in the isocitric , 

succinic , glutamic , glucose-6-phosphate dehydrogenases and to a 

lesser extent , lac tic and malic dehydrogenases (Arean , 1 96 2b ; 

Arean & Henry , 1964 ) . This �as most pronounced j n  the renal pelvis 

but occurred to a les ser extent in the renal cortex.  These 

decreases in the absence of histological lesions suggested 

funct ional defects (Arean & Henry , 1 964)  possibly due to renal 

hypoxia or a ' toxin ' . Renal hypoxia has been suggested to b e  

the result o f  hypovolaemia in humans ( Sitprija e t  al , 1 9 80 ) . 

A leptosp iral toxin was implicated in pomona infec ted hamsters 

:(Miller & Wilson , 1 96 7 ) and icterohaemorrhagaie infected guinea 

pigs (De Brito et a l , 1966 ) . 

Changes in urine associated with leptospirosis are summarized 

in Tab le 1-5 and in severe cases are usually large . 

Infected animal s which were haemoglobinaemic were also 

haemoglob inuric (Hodges ,  1 974 ; Hodges et al , 1 97 6 ; Millar et al , 

1977 ; Reinhard & Hadlow, 1 954 ; Spradbrow & Sea�right , 1 96 3 ) . 

Haematuria was seen in bratislava infections of cattle (Fennes tad 
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Table 1-5 :  Urinary changes during leptospirosis . 

Animal 
spec ies 

Cat tle 

Dogs 

Horses 

Humans 

Sheep 

Pigs 

Lep tospiral 
serovar 

bratislava 

canicola 

pomona 

unknown 

bataviae 

canicola & 
ictero­
haemorrhagiae 

canicola & 
ictero­
haemorrhagiae 

Urinary change. 

Haematuria 
Proteinuria 
Urinary casts 

Haemoglobinuria 

Haemoglobinuria 
Proteinuria 
Haemoglobinuria 

Haemoglob inuria 
Proteinuria 
Alteration in specific 
gravity 

Proteinuria 

Proteinuria 

Decreased spec ific 
gravity 
Urinary ca�ts  present 

Decreased specific 
gravity 

Proteinuria 

ictero- Proteinuria 
haemorrhagiae Urinary casts present 

pomona Haemoglobinuria 

pomona Haemoglobinuria 
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Author 

Fennestad et al, 1967 

Turner e.t al, 1958 

Reinhard & Hadlow, 1954 
Ferguson et al, 195 7  

Reinhard , 1951 

Keenan et al, 1978 

Bloom, 1941 

Mc intyre & Montgomery , 1952  
Monlux 1948a 

Taylor et al, 1970 

Bryans , 1955  

Are.an , 196 2a 

Hedges , 1974 
Hedges et al, 1976 
Millar et al, 1977  
Morse et a l ,  1957 

Bryan , 1954 
Ferguson et al, 1956 
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Table 1-6 : Cellular pathology of the kidney during leptospirosis 

Renal pathological 
f inding 

Swe l l ing of the glomerulus 
in animals dead or dying 
from early , severe 
leptospirosis 

Haemorrhage .into the 
Bowman � s  Capsule 

Thickening of the 
Bowman ' s  Capsule following 
severe leptospiros i s  
infections 

Shrinkage of the glomerulus 
as a result of severe 
leptospiral infect ions 

Thickening of glomerular 
basement membrane , fusion 
of  foot processes of 
glomeruli and occasional 
endothelial cell damage in 
the glomerular capi ll aries 

Animal 
species 

Cattle 

Dogs · 

Cattle 

Dogs 

Cattle 

Hamsters 

Humans 

Guinea 
pigs 

Sheep 

Vacuolation , loss of  Cattle 
microvilli , swellin g  of the 
epithelial cel l s  of  the 
proximal convoluted tubules 
in animals dead or dying from · 

acut e ,  severe leptospirosis 

Dogs 

Guinea 
p igs 

Hamsters 

Lep tospiral Author ' 
serovar 

pomona Spradbrow & Seawright , 1963  

szwaji zak Nervig et al , 1978 

ictero- Gleiser , 1957 
baemo.rrhagiae 

canicola Imbabi et al , 196 7  
pomona Ferguson et a.l . 1957 

canicola 

canicola 

ictero­
haemorrhagiae 
pomona 

pomona 

ictero-
haemorrbagiae 

ictero-
haemorrhagiae 

pomona 

bratislava 
canicola 
ictero­
haemo.rrhagiae 

pomona 

unknow-n 

canicola 

ic:tero­
haemorrhagiae 

canicola & 
ictero­
haemorrhagiae 

i ctero­
haemorrhagiae 

pomona 

Mcintyre & Mont gomery , l 9 5 2  
Taylor e t  al , 1 9 7 0  

. 

Imbabi et al , 1967 
Dodd & Brakenridge , 1960 

Ferguson et al , 1957 

Miller & Wilson , 1967 

De Brito et al , 1965 
De Brito et al , 196 7 

De Brito et al , 1966 
De Brito et al , 1979  

Harsha l l , 197 3  

Fennestad et al , 196 7  
Imbabi et al , 1967 
Dodd & Brakenridge , 1960 

Ferguson et al , 1957  
Reinhard ,c; Hadlmv ,  1954 
Spradbrow & Seawrigh t , 1963 
Cordy & Jasper , 1952  

Mcintyre & Mcntgomery , 19 5 2  
Taylor et al , 1970 
Gleiser , 1957 

Bloom, 1941 
Monlux , 1948b 

De Brito et a l , 196 6  

Abau & Sleigh t ,  1965 
Sanger et al , 1961 
Miller & Wilson , 1967 



Table 1-6 continued 

Renal pathological 
finding 

Damage to the basement 
membrane of the tubules 
leading to the regeneration 
of the epithel ial cells 
often as ' b i zarre ' cellular 
forms 

Mitochondrial changes and 
increased c e llular 
inclusions and lysosomes 
during acute leptospirosis 

Replacement f ibrosis in the 
tubules of those animals 
surviving acute severe 
infections 

Large inters titial 
accumulations of mononuclear 
cells in those animal s  
surviving acute severe 
infec tions and sma ller 
inter s t itial accumulations 
of mononucl ear c e l l s  in sub­
clinically or mildly affected 
anima l s  

' 

Animal 
species 

Humans 

Pigs 

Cattle 

Dogs 

Guinea 
p igs 

Humans 

Cattle 

Dogs 

Cattle 

Dogs 

Goat s  

Guinea 
p igs 

Hamsters 

Horses 

Leptospiral 
serovar 

i ctero­
haemorrhagiae 

i ctero­

haemorrhagiae 

'bz·atisl ava 

ictero­
haemorrhagiae 

ictero­
haemorrhagiae 

bra tislava 
pornona 
szwajizak 

canicola 

canicola & 
ictero­
haemorrhagiae 

bratislava 
canicola 
pomona 

unknown 

canicola 

ictero­
haemorrhagiae 

canicola & 
ictero­
haemorrhagiae 
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Author 

De Brito et al , 1965 

Nisbet t ,  1951 

Fennestad e t  al , 196 7  
Spradbrow & Seawright , 1963 
Nervig et al , 1978 
Hclntyre & Hontgomery , 195 2 

De Brito et al , 1966 

De Brito e t  al , 1965 
De Brito e t  al , 1967 

Fennestad et al , 1967 
Spradbrow & Sem�right , 196 3  
Nervig et al , 1978 

Mclntyre & Montgomery , 195 2  
Taylor et al , 1970 
Bloom, 1941 

Fennestad et al , 1967 
Imbabi et al , 1967 
Ferguson et al , 1957 
Hadlow & Stoenner , 1955 
Reinhard & Hadlow, 1954 
Spradbrow & Seawright , 196 3  
Cordy & Jasper , 1952 
Reinhard , 1951 

Mclntyre & Montgomery , 195 2  
Taylor e t  al , 1970 
Gleise r ,  1957 

Bloom, 1941 
Monlux, 1948b 

pomona Morse & Langham, 1958 

ictcro- De Brito et a l ,  1966 
haemorrhagiae 

pomona Abdu & Sleight , 1965 
Sanger e t  al , 196 1  

pomona , Bryans , 1955 
canicola & 
ictero-
haemorrhagiae 



Table 1-6 : continued 

Renal pathologica l  
f inding 

Presence of lep tospires 
either in the interstitium 
and/or renal tubules in 
acute, severe leptospiral 
infections 

Presence of leptosp ires in 
proximal convoluted tubules 
of  animals surviving an 
acute, severe infec t ion, 
or a mild or subclinical 
infec tion 

Animal 
species 

Sheep 

Pigs 

Cattle 

unknown 

Dogs 

Hamsters 

Humans 

Mice 

Pigs 

Sheep 

Cattle 

Dog s 

Sheep 

Goats 

Hamsters 

Pigs 

Grivet 
monkeys 

Leptospiral 
serovar 

pomona 

pomona 

pomona 

canicola 

pomona 

i ctero-
haemorrhagiae 

pomonii 

ictero-
haemorrhagiae 

pomona 

pomona 

canicol a 

pomona 

pomona 

pomona 

pomona 

balcanica & 
tarassovi 

31 

Author 

Hedges, 1964 
Lindqvist et al , 1958 
Marshall, 1973 

Langham et al , 1958 
Sleight et al , 1960 

Hambdy & Ferguson,  195 7  
Spradbrow & Seawright , 1963  
Cordy & Jasper , 1952 

Mclntyre & Montgomery ,  195 2  
Taylor et al , 1970 

Abdu & Sleight , 1965 
Miller & Wilson, 1967 
Sanger et al , 1961 

Arean , 196 2 a  

Marshall ,  1976 

Nisbet , 1951 

:1-'.arshall, 197 3  

Hambdy & Ferguson , 1957  
lladlow & Stoenner, 1955 
Reinhard & Hadlmv, 1954 
Spradbrcw & Seawright,1963 

Mclntyre & Montgomery, 1952 
Morrison· & Wright, 1976 
Te.ylor e t  al , 1970 

Mar.shall, 197 3  
Mar shall, 1974 

Morse & Langhatu, 1958 

Miller & Wilson , 196 7  

Langham et al , 1958 

l1arshall et al , 1980 



et al , 1 96 7 )  but was not noted in most other infections 

characterized by haemorrhage such as cani cola and icterohaemorrhagiae 

infections of dogs (Gleiser , 1957 ; Low et al , 1 956 ; Monlu� , 1948b ) , 

szwaji zak infections of cattle (Nervig et al , 1 978)  and 

icterohaemorrhagiae infections of guinea p igs (Higgins & 

Cousineau , 1977a , b ) . Red urine was seen in one icterohaemorrhagiae 

infected calf (Dodd & Brakenridge , 1 960) and was probably due 

to haematuria because icterohaemorrhagiae does not usually cause 

haemoglobinaemia in any spec ies . These workers did not attempt 

to differentiate between the two condition s . 

Chronic renal diseases of causes other than leptospirosis 

have been associated with the presence of acanthocytes (Benj amin , 

1979 ; Duncan & Prasse , 1978) . Chronic renal disease has been 

associated with decreased RBC glutathione levels and decreased 

glutathione stab ility (Theil et al , 1 96 1 ) . The significance of 

this is  unknown but glutathione is neces sary to prevent 

oxidat ion of sulphydryl groups (Crimes , 1 980 ; Weed et al , 1 96 2 ; 

Weed & Reed , 1966)  and to maintain reduced haemoglobin (Kaneko ,  

1 9 74 ) . Chronic renal disease also result s  in reduced 

erythropoietin and hence a non-regenerat ive anaemia (Benj amin , 

1 9 7 9 ;  Duncan & Prasse , 1978) . 

2 . 5  BONE MARROW LESIONS 

No marrow cytology and only a few h i stological studies 

have been made on the marrow of leptosp iral infec ted animals .  

In haemoglobinaemic cattle infected with pomona 

there was depletion of all cellular element s  (Reinhard & 

Hadlow, 1 954) • . In dogs infected with canicola and 

icterohaemorrhagiae evidence of granulopo iesis was seen (Monlux , 

1 948b ) . The dep letion of the erythroid precursors (Reinhard 

& Hadlmv ,  1954)  and extramedullary haemopoiesis in the spleen 

(Arean , 1962b ;  Arean et al , 1 964 ; Bloom ,  1 94 1 ;  Monlux , 1 948b ; 

Reinhard & Hadlov: , 1 954 ) reflec ted the severity of the anaemia . 
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2 . 6  BRAIN LESIONS 

Nervous signs without corresponding histological lesions 

were reported in pomona infec ted hamsters (Abdu & Sleight , 1 965) . 

Humans infec ted with bal l um and tarassovi have also been reported 

as having hallucinat ions and confused mental states (Marshall 

& Scrimgeour , 1978) . Grivet monkeys (Cercopi thecus aethiops ) 

infected with balcanica and tarassovi (Marshall et al , 1 980)  

and goats (Morse & Langham, 1958)  and pigs (Sleight et al , 1 960) 

infected with pomo"la were reported to have minor his tological 

lesions consisting of perivascular cuffing of meningeal blood 

vessels by mononuc lear cells , without observable nervous signs . 

Small ,  predominantly meningeal haemorrhages were reported in dogs 

infected with canicola and icterohaemorrhagiae (Honlux , 1 948b) . 

The nervous signs in hams ters were attri�uted to elec trolyte 

imbalances rather than neurone damage (Abdu & Sleight , 1 96 5 ) . 

However , a toxic fac tor produced by pomona and icterohaemo:r:rhagiae 

produced motor instability and muscular spasms shortly before 

death when inj ected intracerebrally into mice (Knight et al , 1 97 3) . 

Few examinations of cerebrospinal fluid (CSF) have been made . 

Jaundiced dogs infec ted with canicola and i cterohaemorrhagiae 

have been reported as having increased levels of bilirub in 

blood and lymphocytes within the CFS (Monlux , 1 948b ) . 

Icterohaemorrhagiae infected humans occasionally are said to 

have increased protein and RBC ' s  within the CSF (Arean , 1962a ) . 

2 . 6  PULMONARY LESIONS 

Varying degrees of congestion and haemorrhage have been 

reported in icterohaemorrhagiae infected humans (Arean , 1 96 2a ) , 

pomona inf ected cattle (Hambdy & Ferguson , 1 95 7 )  and canicola 

and icterohaemorrhagiae infected dogs· (Bloom 1 94 1 ;  Monlux , 

1 948b ) . 

Some dogs had mild bronchopneumonia (Bloom , 1 94 1 )  while 

interstitial foci of inflammation composed of lymphocytes ,  plasma 
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cells and the occasional eosinophil have been ob served in humans 

(Arean , 1 962a) . Faine ( 1 964)  is the only worker to describe the 

' trapping ' of lep tospires within the lungs . 
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CHAPTER 2 

MATERIALS AND METHODS 

In this chap ter , details of the materials and methods used 

in several subsequent  chapters of this thes is are described.  

Materials  and methods specific to each chap ter are inc luded in 

the appropriate chapter. 

1 . 0  LEPTOS PIRAE 

1 . 1  PREPARATION OF LIVE LEPTOSPIRAL INOCULA 

The leptospiral organisms used in the present  studies , their 

origin and method of typin g ,  are detailed in Table  2-1 . The 

strain numbers are those used in the Leptospiros is Research 

Laboratory of the Department of Veterinary Pathology and Public 

Health , Massey University . Long term maintenance of leptospiral 

cultures was performed in semisolid media (Johnson & Seiter , 1 97 7 )  

at 27 ° C .  Before inoculation of animals , the leptospire cultures 

were subcultured weekly for four weeks in EMJH media1 

(Johnson & Seiter , 1 97 7 )  at  2 7 ° C  to stimulate rapid growth and 

high concentrations of organisms within the culture . Replicate 

subcultures were made to allow f or wastage due to poor growth 

or c ontamination which were evaluated weekly by dark f ield 

microsc opy (dfm) examination2 • 

1 . 1 . 1  Ball um and pomona 

All hamster and calf inoculations were made using seven 

day old cultures of at lea s t  1 0 7 organisms/m! in EMJH media . 

The volume of the inoculum used and the route of infection is 

detailed in sec tions 2 . 1 and 2 . 2 . 1 .  

1 .  1 .  2 Balcanica 

Two inocula originating from bal canica strain E32 were 

used . The f irst  inoculum was a seven day culture containing 

1 . 5  x 1 0 8 organisms/m! in EMJH media . The seccnd inoculum 

1 .  DIFCO , Detroit 1 ,  Michigan , U S  A 
2 .  Leitz  Wetzlar,  Ernst Leitz GMBH Weizlar , Germany 1 56xmag 
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Table 2- 1 Strains of leptospire , their f ield source and 
method of typing . 

Leptospiral Stra in 
serovar 

ballum 1045 

M4/9  

964 

924 

' Ca t '  1 

bale ani ea E32 

pomona T l 1 6  

790001 

' Scamp ' 

MP3 

1 3 2 3 1  

Source 

Brown rat (Ra ttus 
norvegicus) kidney 

Mouse (Mus muscul us) 
kidney 

Brown rat (Ra ttus 
norvegicus) kidney 

Brown rat (Rat tus 
norvegicus) kidney 

Domestic cat kidney . 
A reisolate of 1045 
following an 
experiirtent�l infect ion 

Possum (Trichosurus 
vulpecula) kidney 

Pig urine 

Kidney from a calf 
which died suddenly 

Dog urine 

Aqueous humour from 
the eye of a still­
born piglet 

Aqueous humour from 
the eye of a calf 
found dead 

Typing method 

Res triction-endonuc lease 
analysis (BRENDA) * Massey 
University (Marshal! et al 
1 98 1 ) . 

Cross absorption agglut inat ion : 
WHO Lab , Brisbane 

BRENDA: Massey University 
(Marshal! et al , 1 98 1 )  

BRENDA: Massey Univers ity 
(Marshal! et al , 1 98 1 )  

BRE��A: Massey University 
(Marshal!  et al , 1 98 1 )  

Cross absorption aggiutinat ion : 
CDC** 

Cross absorption agglutina tion : 
CDC** 

Serotyping : Hassey Univers i ty 
(Alexander 1 9 74 ) . 

BRENDA: Massey University 
(Marshal l  et al , 1 98 1 )  

BRENDA: Nassey Universi ty 
(Marshal! et al , 1 98 1 )  

Serotypi.ng: Massey University 
(Alexander , . 1 9 7 4 ) . 

* All strains typed by BRENDA were also serotyped (Alexander , 
1 974 ) at Massey University 

** CDC : Center for Disease Control , Atlanta , Georgia , U  S A  



c onsisted of the livers and kidneys from ten hamsters removed 

seven days post-infec tion with balcanica s train E32 . A 

homogenate was made of 50 gms of liver and kidney in 500 mls 

of S tuart ' s  media . Cattle were infected as described in Sec t i,on 2 . 2 . 2 .  

1 . 2  LEPTOSPIRAL ' TOXIN ' PREPARATION 

A seven day-old culture of pomona s train 7 90001 was pas sed 

twice through a French Press3 • Complete disrupt ion of the organisms 

was confirmed by dfm examination and the disrupted cul ture , 

henceforth referred to  as the ' toxin ' , was s tored in sealed glass 

vials at 4°C until used as described in Table 2-3 . 

1 . 3  EVALUATION OF INOCULUM VIRULENCE 

The virulence and haemolytic ability of the s trains of 

pomona and ball um organisms for hamster experiment s  were tested 

by hamster inoculation . The choice of haemolyt ic organisms f or 

the calf experiments was also based on the results  of hams ter 

experiment s  b ecause of the unavailability of sufficient calves 

to enable virulence testing in this species . 

In order to test the balcanica cul ture and to confirm 

the presence of lep tospires within the homogenat e ,  direct cu l tures 

were made of the inocula and two weanling hamsters were infec t ed 

intraperitoneal ly (IP) , euthanased af ter 2 1  days, and their kidneys 

were cul tured . Lept ospires were observed both in the 

direct cultures and in cul tures made from hamster kidneys . 

1 . 4 EVALUATION OF MEDIUM TOXICITY 

To test  for toxicity assoc iated with EMJH medium, two groups 

of 12  hamsters each were inoculated intraperitoneally with 0 . 5  ml s 

of EMJH Jmedium and 0 . 3  mls of l ive ballum culture �train 1 04 �  

respectively . Liver , lung, spleen and kidney were examined 

from six of the media inoculated hamsters when hams ters from 

leptospire inoculated group died and from the remaining six 

af ter three weeks during which none had shown adverse c l inical 

s igns . No lesions were observed in the medium j_noculated group . 

3 .  Wabash Hydraul'ic Div , Wabash , Indiana , USA 
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2 . 0  EXPERIMENTAL AN IMALS AND PROCEDURE S 

2 • 1 HAMSTERS 

Weaned golden hams ters (Mesocricetus auratus) 1 9-42  days 

of age were obtained from the National Health Institute , 

Wellington , N . Z .  in four groups for f our separate experiments . 

They were kept on sterilized sawdus t  in stainless steel cages 

and fed on hamster nu ts 4 , supplemented with sunflower seed s , 

fresh fruit and vegetables . Water was f reely available . 

Experimental infec tion was carried out by an intraperi toneal 

inj ection of 0 . 2 5 - 0 . 30 mls of seven day old culture in EMJH 

medium . The animals were examined twice daily (9 . 00 am and 

3 . 00 pm) and any moribund hams ters were euthanased and samples 

collected a s  described in Section 3 . 1 .  Hamsters were used in 

the four maj or experiments which are detailed below.  

2 . 1 . 1  Experimen t I :  Haemolytic ball um infec tions 

Hams ters infected with ball um strain 1 04 5  were d ivided 

into experimental groups .  In part 1 ,  ten uninfec ted controls 

and 44 infected hamsters were euthanased sequent ially a s  detailed 

in Table 2-2 .  In part 2 ten hamsters were infected . On day five 

post-infec t ion , four hamsters were f ound dead and the s ix others 

with clinical s igns of leptospirosis were killed . 

· The samples taken , their preparation and the results of their 

examination are described in Sect ion 3 . 1 and Chapters 3 ,  4 and 5 .  

2 . 1 . 2  Experiment II :  Comparison of the virulence of dif ferent 

strain s  of bal l um. 

Cul tures of five strains o f  ball um ( 1045 , N4/ 9 , 964 , 924  

and ' cat ' 1 )  were used to  infec t  seven groups of  six t o  eight 

hamster s ,  a s  described in Table 6 - 3 .  

4 .  Wairarapa Stock Foods Ltd , Carterton ,  N Z 
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Table 2-2 Dates of death of control and ballum infected 
hamsters from Experiment I part I. 

Hams ter Day of death Time of death 

Controls 
0- 1 to 0-5 

Bal l um infected 
1-1  to 1-6 

2- 1 to 2-6 

3- 1 to 3-6 

4- 1 to 4-6 

4-7 

5- 1 to 5-6 

5-7 

6- 1 to 6-7 

7- 1 to 7-5 

Con trols 
8- 1 to 8-5 

* am: 9 . 00 

** pm: 3 . 00 

Euthanased on day 0, the am * 
day of infection 

Euthanased on day 1 post infection am 

Euthanased on day 2 post infe;ction am 

Euthanased on day 3 post infection am 

Euthanased on day 4 post infection am 

Found dead on day 4 pos t infec tion am 

Euthanased on day 4 post infection pm ** 

Found dead on day 4 post infection pm 

Euthanased on day 5 post fnf ec t:ion am 

Found dead on day 5 post infection · am 

Euthanased on day 6 post infe::tion am 
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The preparation of the samples and resul t s  of examination 

are described in Sec t ion
. 

3 . 1 and Chapters 4 and 6 .  

2 . 1 . 3  Experiment Ill : Comparison of the virulence of differen t  

strains o f  pomona 

Three strains of pomona (T1 16 , 790001 and 1 Scamp ' )  

were used to infect three groups of six hamsters . The samples 

taken , their preparat ion and results of examination are described 

in Sec tion 3 . 1 and Chap ters 4 and 6 .  

2 . 1 . 4  Experiment IV : Reticulocyte produc t ion 

Six weanlin g  hams ters were bled daily for  three days . On 

the f irst  two days b lood was removed by periorb ital bleeding 

following cther 5 anaesthesia of the hamsters and on the third 

day blood was removed by snipping off the end of the tail . 

The animals  were euthanased on day four . The results of 

examination , specimens taken and their preparat ion are described 

in Chapters 4 and 5 .  

2 . 2  CATTLE 

All cattle used in this s tudy were tes ted prior to experimen t 

and found seronega t ive to the leptospiral serovars pomona , bal l um ,  

balcanica , hardjo, tarassovi and copenhageni using the method 

described by Cole et a1 , { 1 9 73) . The cattle were used in two 

separate groups for the two experiments det.ailed belm..r .  

2 . 2 . 1 Experiment V :  Haemolytic pomona inf ec tion 

Nine female and one male Jersey calves designated 1 1  - 20 

were ob tained from a local commercial dairy farm on which no 

animals  had shown serological evidence of pomona infection for 

three successive years . The f arm was therefore considered to be 

pomona free . The calves were fed twice daily at  8 . 00 am and 

4 . 30 pm with a milk sub stitute6 from bucket s  for a week prior 

5 .  May & Eaker , Dagenham, England 

6 .  Denkcvite : W .  & R. Fletcher , N . Z .  Ltd 
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to and during the experimen t .  Calves 1 1- 1 7  and 1 8-20 were managed 

together in two isolated groups respec tively . Rectal temperatures 

were recorded and clinical examination s  made at f eeding . B lood 

and urine samples were collected each morning . 

The experimental procedures carried out upon each calf are 

detailed in Table 2-3 .  The strain o f  pomona used for both the live 

leptospiral inj ec tions and ' toxin 1 f ormation �<1as 7 9000 1 . The 

intramuscular ( IM) inj ections of l ive lep tospires were made in the 

neck . Those calves given intravenous ' toxin ' were also given 5 mls 

o f  streptopen 7 IM to prevent cross-infection from the calves 
. 

inj ected with live J.ep tospires with which they were in contac t .  The 

male calf , number 20 , and hereafter referred to as the bled cal f , 

was bled to mimic acute blood loss . One third of the total b lood 

volume of this calf was calculated ( Schalm et al , 1975 , p . 4 ) and 

removed by j ugular punc ture over 1 5  minutes . 

The dates a t  which samples were taken are summarized in Table 2-3 , 

the method of removal of samples is described in Section 3-2 and 

specific examinations and results are descri bed in Chapters 3 ,  4 

and 5 .  

2 . 2 . 2  Experiment VI : Non-haemolyt ic balcanica infection of 

, year l ing heifers 

Twelve yearling Jersey and Jersey-cross heifers ,.,ere run on 

grassed paddocks which had not been stocked for the previous s ix weeks . 

Four of the heifers were given 5 mls IM and 5 mls IP of cul ture of 

balcanica isolate E32 containing 1 . 5  x 10 8 organisms/m! . Another 

f our heifers were given 5 mls IM and 5 mls IP of the homogenate of 

the liver and kidney described in Sec tion 1 . 1 . 2 . Two control heifers 

were inocula ted with 1 0  mls of media or 10 mls of uninfec ted hams ter 

l iver and k idney respectively by the same IM and IP techniques used 

for the infected group . �NO heifers were run as experimen tal controls .  

7 .  Glaxo RD ( 250 mg procaine penic illin/ml and 250 mg 
dihydrostreptomyc in sulphate /ml) 
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Table 2-3 Treatment of  calves in Experiment V ,  a n  experimental 
pomona infec t ion 

Calf Day of 
treatment 

1 1  

1 2  

1 3  

14 

15 

16 

17 

18 

19 

20 

Day 0 pm 

Day 0 pm 
Day 1 am 
Day 1 pm 

Day 0 pm 
Day 1 am 
Day 1 pm 

Day 0 ,  pm 

Day 0 ,  pm 

Day 0 ,  pm 

Day 0 ,  pm 

Con trol 

Control 

Day 1 1  pm 

Treatment 

1 . 5  mls of live pomona culture 
culture intramuscularly (IM) 

20 mls of ' toxin ' + 5 mls S treptopen 
15 mls of ' toxin ' 
20 mls of ' toxin ' + 5 mls S treptopen 

20 mls of ' toxin ' + 5 mls Strept open 
15 mls of ' toxin ' 
20 mls of ' toxin ' + 5 m

.
ls S treptopen 

1 . 5 ml s  of live pomona cul ture IM 

1 . 5 mls of live pomona culture IM 

1 . 5  mls of live pomona culture IM 

1 . 5  mls of live pomona culture IM 

No treatment 

No Treatment 

600 mls of b lood removed from the 
j ugular vein 

Day of death 

Euthanased on day 
1 5 ,  am. 

Euthanased on day 
2 ,  am. 

Euthanased on day 2 ,  
am. 

Found dead on day 5 ,  
am. 

Moribund on day 6 ,  pm . 
Euthanased . 

Euthanased on day 1 6 , 
am. 

Found dead on day 5 ,  
am. 

Euthanased on day 1 6 . 
am. 

Euthanased on day 1 5 ,  
am. 

Euthanased on day 1 2 ,  
pm . 



The removal of samples is described in Section 3-2 and the specific 

examinations and resul ts are described in Chapters 4 and 6 .  

2 . 3  EXPERIMENT VII : AN ACCIDENTAL HUMAN BALLUM INFECTION 

A laboratory worker in the Leptospirosis Research Laboratory 

Massey University was acc identally infec ted with bal l um strain M4 / 9  

through a wound in a f inger and developed lep tospirosis . RBC 

samples were taken for elec tron microscopy as described in Section 

3-3 and Chapter 4 .  

3 . 0  � OLLECTION OF SAMPLE S 

3 . 1 HAMSTERS 

Samples from a l l  hamsters were collec ted a t  the time of 

euthanas i a .  Under e ther anaesthesia , the j ugular veins were 

severed with a scalpel b lade and blood was drawn into heparinized 

capillary tubes 8 • Saffiples were collected for the differentiation 

of bone marrow smears , ultrastructural pathology , and 

histopathology . The detailed descrip tions o f  the preparation 

procedures for the various examinations are inc luded in the 

appropriate chapers . 

Urinary changes were noted from visual evaluation only . 

3 . 2  CATTLE 

In all cattle experiments , samples f or haematology and electron 

microscopy (EM) of RBC ' s  were collec ted into EDTA containing 

vacutainers 9 , samp les for blood biochemis try and serology into plain 

vacutainers9 , and b lood samples for leptosp iral culture into 

heparinized vacutainers 9 • 

8 .  Catalogue No . 250 1 ,  Chase Instrument Corp . ,  Poultney VT 0 5 7 6 4  

9 .  Venoj ec t :  Terumo 
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A midstream sample of urine was collec ted in to s terile 

universal bottles .  Urination was stimulated by s troking of 

the perineum. Calves were euthanased by the inj ec tion of 20 mls 

of euthatal 1 0  into the jugular vein .  

In the yearling heifer experiment ( 2 . 2 . 2 ) blood samp les 

for haematology , serology , and leptospire cul ture were collected 

daily for 1 5  days . RBC ' s  for EM were processed on days 0 ,  5 and 7 .  

On day 60 post infection the animals were eu thanased .  

All samples collected from the cattle and the examinat ions 

performed are discuss ed i.n the appropriate chapters . 

3 . 3  HUMAN 

Blood was drawn into a plain vacutainer 9 and two to three 

drops of b lood were immediately transferred into fixative for 

subsequent  processing and examination as described in Chap ter 4 .  

10 . May & Baker : Pentobarbitone Sodium 200 mg/ml 
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CHAPTER I I I  

CLIN I CAL SIGN S  AND CLINICAL PATHOLOGY OF 

CALVE S INFEC TED WITH POMONA AND HAMSTERS 

INFECTED vHTH BAL LUM 

1 . 0  INTRODUCT I ON 

Haemoglob inaemia and haemoglobinuria resul ting from RBC 

·destruc tion have been reportP.d in pomona infections of calves 

(Reinhard ,  1 95 1 ;  Spradbrow & Seawright , 1 963)  but older cat tle 

appear to show few clinical signs apart from abort ion (Morter et al , 

1 958 ; Sleight et al , 1964 ; Ferguson et al ,  1 9 57 ) . Infec tions 

of hams ters with pomona are non-haemolytic (Abdu & Sleight , 1 96 5 ;  

Miller & Wilson , 1 966 ; 1 96 7 ;  San�er et al , 1 96 1 ) , but a very 

brief description by Frenkel ( 1 9 7 2 )  of bal l um infections of 

hamsters reports that they cause RBC destruction . 

This chapter compares the clinical signs , haematology and 

clinical b iochemistry of calves infected with pomona and weanling 

hamsters inf ected with bal l um.  

2 . 0  MATERIALS AND METHODS 
• 

2 . 1 LEPTOSPIRES 

Calves were infected with pomona s train 7 9000 1 and hams ters 

infec ted with bal l um s train 104 5  as described in Chapter 2 .  

Methods of culture preparation , ' toxin ' preparation and animal 

inoculation are detailed in Chapter 2 .  Sec tions 1 . 1 , 1 . 2 ,  2 . 1 . 1  

and 2 . 2 . 1 respectively . 

2 . 2  ANIMALS 

Calves and hams ters \vere ob tained and maintained as described 

in Chap ter 2 ,  Sections 2 . 2 . 1 and 2 . 1 respec tively . 
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2 . 2 . 1 Treatment groups 

The treatment of calves (Experiment V) and hamsters 

(Experiment I ,  part 1 )  is detailed in Tables 2-3 and 2-2 

respec tively . Samples were taken daily from the calves and 

hamsters were euthanased daily to examine sequential changes in 

clinical pathology . 

Clin ical signs of the calves and hamsters were recorded 

as detailed in Chapter 2 .  

2 . 2 . 2  Controls 

A total of t.en hams ters were euthanased at  the start and · the 

end of the experiment (Table 2-2 )  and their haematological values 

used as controls (Table 3- 1 ) .  

The haematological values of twelve normal 10-21 day old 

calves taken on two days . three days apart , are tabulated in 

Table 3- 2 and used as population controls . The experimental 

controls are untrea ted calves 18 and 19 and bled calf 20 . 

2 . 3  LABORATORY PROCEDURES 

(Abbreviations used in this chapter are standard and 

summarized in Appendix VI. ) 

2 . 3 . 1 Haematology 

2 . 3 . 1 . 1 Total haemoglobin estimat ion 

4 9  

Total haemoglobin (hb ) was measured b y  the cyanmethaemoglob in 

method a s  described by Schalm et al ( 19 7 5 ; pp . 54-55) using 

commercial ly prepared Drabkin ' s  Reagent and s tandard solutions 1 • 

2 . 3 . 1 . 2  Packed cell volume 

The PCV was measured using the microhaematocrit method 

(Schalm et al , 1 975 ; pp45-4 7 ) . B lood was centrifuged for f ive 

minutes a t  1 3 , 000g . 

1 .  Boehringer Mannheim GmbH Diagnostica , Catalogue No . 1 24 7 9  



Table 3- 1 Normal haematological values for ten hamsters 
aged 1 9-42  <lays used in Experime!lt I ,  part 1 ,  

Mean Value ± S . D .  

Hb (g/di) . 1 6 . 4  ± 1 . 2  

PCV 0 . 50 ± 0 . 0 1  

MCHC (g/ d R.) 32 . 5  ± 2 . 3  

WBC (x10 9 / i )  4 . 7  ± 2 . 2  

Lcyte (x109 / t )  4 . 2  ± 2 . 1 

PMN (x109 /i) * o . s  ± 0 . 37 

!MM (x10 9 / R.) 0 

Mcyte (x 109 / i)  0 . 09 ± 0 . 08 

Eosin (x10 9 /'l)  0 . 05 ± 0 . 04 

Bas (x109 /t) 0 

II** 0 

TP (g/'l) 5 1 . 5  ± 1 . 1  

M: E Ratio 2 . 8  ± 0 . 28 

* Cell s  with the nucleus in a r in g  form are frequently seen 

** Hams ter plasma is clear to slightly cloudy due to lipaemia 

Polych�omatic cells were occasionally s�en 

so 

I 



Table 3-2 Normal haematological 
·
values for 1 2  calves 10- 2 1  days 

of age . The data is based on two samples being taken 
from each calf on two days with a three day interval 

Mean value ± S . D .  

Hb (gld.t)  14 . 8  ± 4 . 6  

PCV 0 . 44 ± 0 . 1 3  

MCHC (gld.t) 3 3 . 4  ± 1 . 2  

WBC (x10 9 l .t )  7 . 1  ± 2 . 1  

Lcyte (x10 9 I R.) 4 . 2  ± 1 . 3  

PMN (x 10 9 I R.) 2 . 7  ± 1 . 2  

!MM (x10 3 /R.)  0 

Mcyt e  (x10 9 /R.) 0 . 27 ± 0 . 2  

Eosin (x l09 l.t)  0 . 02 ± 0 . 05 

Bas (xl0 9 I R.) 0 . 03 ± 0 . 05 

II 0 

TP (g/R.) *  

Fib (gi R.) 5 . 4  ± 2 . 1  

* There is considerable variation due to age in young 

calves .  For more c omplete data see Thompson & Pauli 

( 1 98 1 )  (Appendix I)  
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2 . 3 . 1 . 3  Blood smears 

Blood smears were prepared according to s tandard practices 

( Schalm et al , 1 9 7 5 ;pp25-26 ) .  The smears were f ixed using 

McNeal ' s  tetrachrome stain2 for three minutes than s tained for 

s ix minutes using a phosphateG buffer at  pH 6 . 8 . 

2 . 3 . 1 . 4  Mean cell haemoglobin concentration 

The MCHC was calculated according to the formula 

MCHC = Total haemoglob in x 100 ( Schalm et a l , 1 9 75 ; p 6 6 ) . 

PCV 

2 . 3 . 1 . 5  Total white cell count  

The total white cell estimat ions were made using standard 

d ilution techniques of blood in acetic acid ( Schalm et al , 

1 9 7 5 ; pp55-58) and counted in a s tandard haemocytometer3 • 

2 . 3 . 1 . 6  Icterus index 

The ic terus index ( I I) was estimated using potassium 

d ichromate standards as described by Schalm et a1 ( 1 975 ; pp4 4-4 5 ) . 

2 . 3 . 1 . 7  Ret iculocyte examination 

Examination for reticulocytes was carried out on air 

dried smears of cattle blood prepared af ter the incubation of 

equal volumes of blood and new methylene b1Ge 4 for 1 5  minutes 

at  room tempera ture . 

2 . 3 . 1 . 8 Bone marrow examination 

Air dried smears of bone marrow were prepared f rom 

femoral marrow within 1 5  minutes of death of the animal . Hamster 

marrow was f ixed for 1 5  minutes then stained for 1 5  minutes using 

McNeal ' s  tetrachrome stain and a phosphate buf fer at  pH 6 . 8 .  Calf 

bone marrow was fixed f or 20 minutes then s tained for 25 minutes 

using McNea l ' s  tetrachrome s tain and the phospha te buffer . 

2 .  Searle  Diagnostic , High Wycombe , Bucks , England 

3 .  Improved Nauerbauer , Hawksley Equipment , Lancing , Es sex 
England 

4 .  Searle Diagnostic , High Wycombe,  Bucks , England 
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Differential counts  of bone marrow cells were made on a 

minimum of 500 cells using suitable areas for c ounting on two 

s lides of bone marrow smears . Because there is  variation in 

the terminology used by various authors to describe the s tages 

of erythroid cell maturation , the terminat ion adop ted in this thesis 

is def ined and briefly described below .  I n  this system ,  

differentiation of c e l l  type i s  gauged b y  cytological features 

rather than cell size per se . 

ERYTHROBLAST 

This is the most immature cell type recognised in the erythroid 

series . The cell has a l arge nucleus and small  amount of deeply 

basophilic cytoplasm . The nucleus contains f inely stranded 

chromatin and one or two prominent nucleo l i .  The cell is the 

l arges t  in the erythroid series . 

EARLY NORMOBLAST 

This cell is similar in size and cytoplasmic characteristic s  to 

the erythroblast but the nucleus shows loss of the nucleoli and 

a small degree of con densation of nuclear chroma tin .  

NORMOBLAST 

Normoblasts are smaller than the preceding c e l l s  with a relat ively 

smaller nucleus and larger amount of cytoplasm. The nuclear 

chromat in shows obvious condensation and may have a ' cartwheel 1 

appearance .  The decreased cytoplasmic basophilia i s  due to 

haemoglob in formation . 

LATE NORMOBLAST 

This is the last stage of development before extrusion of the 

nucleus . The nucleus is small , pyknotic and often eccentrically 

placed in the cell . The amount of cytoplasm is large in relation 

to cell size and may have a pinkish tinge due t o  the presence of 

haemoglobin . Size is  much reduced . 
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Loss of the nucleus results in the presence of free 

nuclei or haematogenes and reticulocytes or polychromatic cell s .  

The haematogenes are phagocytosed by the macrophages of the marrow . 

These cellular elements are not included in the dif ferential coun t s  

b u t  alteration in the frequency o f  their occurrence is recorded . 

The classification of the other cellular elements of bone 

marrow is as described by Schalm et al ( 1 9 7 5 ;  pp31 7-3 1 9 ) . 

2 .  3 .  2 Clinical oiodiemistry 

Unless stated otherwise , the following tests were carried 

ou t  on cattle samp les only . The small volume of blood ob tainable 

from young hams ters limited the number o f  tests performed on 

each sample . 

With the exception of total plasma p rotein and fibrinogen 

all  tests carried out on serum or plasma samples of cattle were 

on material s tored at -4 ° C  within two to four hours of collection 

and thawed immediately before use in the week following the Dea th 

of the las t calf . This  time delay in measuring the biochemical 

parameters was necess itated by the time required to perf orm � 
other experimental procedures requiring immediate attention . 

2 . 3 . 2 . 1  Total pla sma protein 

Total p lasma protein (TP) was measured on fresh plasma 

from calves and hamsters using a protein refrac tometer 5 • Plasma 

was obtained by the centrifugation of whole b lood at 1 3 , 000g f or 

f ive minutes in a sealed microhaematocrit tube ( Schalm et al , 1 9 7 5 ;  

pp47-50) . 

2 . 3 . 2 . 2  Fibrinogen 

Fresh p lasma from calves and hamsters prepared a s  above 

was heated to 5 6 ° C  for three to four minutes to precipitate the 

f ibrinogen . The microhaematocrit tube v!as then recentrifuged f or 

two to three minutes to pellet the prec ipitated f ibrinogen , and 

the remaining protein level in the p lasma samples measured by the 

5 .  Bellingham & Stanley Ltd 
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protein refrac tometer 5 • The fibrinogen level was calculated by the 

differences between pro tein recorded in the hea ted and non-heated 

plasma samples (Schalm et al , 1 975 ; pp50- 52 ) . 

2 . 3 . 2 . 3  Serum protein electrophoresis 

Electrophoretic separation of calf serum proteins was 

performed within four hours of thawing af ter storage at -4 °C  using 

commerc ial equipment and reagents 6 • The serum sample was applied 

to an acetate str ip prebuffered at pH 8 . 6  in barbitol buffer . 

The separation was effected by a direc t curren t  gradient 

of 1 00 volts applied for 15 minutes . The s trip s  were stained in 
. 

Ponceau red dye for f ive minutes and the background colour 

removed by washing in 5% acetic acid . Following dehydrat ion 

and clearing as described in the Helena method of protein 

electrophoresis6 the strips were scanned in a Quickscan Flur Vis 

densitometer 6 at a wavelength of 525 nm . The levels of albumin 

and a , S and y globulins were calculated f rom a graduated printout 

(Schalm et al , 1 9 7 5 ; pp6 1 1-6 1 6 ) . 

2 . 3 . 2 . 4  Serum liver enzymes 

The serum enzymes gamma glutamyl transpept idase 

(GGT ; EC 2322) 7 , a spartate amino transferase (AAT ; EC 26 1 l ) 8 and 

alkaline phosphatase (AP ; EC 3 1 3 1 )9 were measured on an autoanalyser 

100 1 0  at a temperature of 30°C for GGT and AAT and a temperature 

of 3 r c  for AP . All measurements were carried out in dup licate . 

2 . 3 . 2 . 5  Bilirubin levels 

Total and direct bilirubin1 1  level s  of fresh hamster sera 

and s tored frozen calf sera were measured using a spec trophotometer 1 2 • 

6 .  Helena Laboratorie s ,  Beaumon t ,  Texa s , USA 

7 .  Diagnos tica Merck No . 14302  

8 .  Diagnostica Merck No . 334 2 

9 .  Diagnos tica Merck No . 3314  

10 . Abbott ABA 100 , Abbott Diagnostic Ins trument Division , USA 

1 1 .  Diagnostica Merck No . 3358 

1 2 .  Bausch & Lamb , Spectronic 20, Watson Vict or Ltd , Aus tralia , N 3 
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2 ; 3 . 2 . 6  B lood urea nitrogen 

The urea nitrogen (BUN) of stored calf sera was mea sured -­

using a semi-quantitative chromatographic method1 3 • 

2 . 3 . 3  Examination of urine 

Urine of hams ters wcrs either ab sen t ,  or present in such small 

quantities in the bladder that urinary examinat ion was restricted 

to visual evaluation . 

The spec if ic gravity of cal f  urine was measured with a 

refractometer 1 4 • Haemoglobin , protein ,  b lood , b ilirubin and 

g.lucose content and the pH were measured using dipsticks 1 5 • 

The urinary sediment was examined using l ight microscopy following 

centrifugation within 20 minutes of collection .  

2 . 3 . 4  Examination f or leptospires 

Plasma and urine from calves  and plasma from hams ters was 

examined by dark f ield microscopy (dfm) .. The preparation of the 

plasma sample follow·ed the method described by Mackintosh and 

Thompson ( 1 9 7 9) (Appendix II) . 

The presence of leptospires in the calf blood was c onf irmed 

by culture f ollowing the methods described by Johnson & Seiter 

( 1 97 7 ) . 

· Microscopic agglutinat ion t itres (MAT ' s ) were measured on 

cattle sera stored at  -4°C,  following the methods described by 

Cole et al  ( 1 973)  a t  a minimum dilution of 1 : 24 .  

1 3 . ' Urastrats ' :  Warner-Chilcot t Laboratories , Morris Plains , 
New Jersey , 07950 

14 . Atago SPR-N .Atago Optical Works Co . Ltd . , Japan 

1 5 .  Combur 8 Tes t , Mannheim, Boehringer 
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3 . 0  RE SULTS 

3 . 1 

3 . 1 . 1  Calves 

Three of the five calves (numbers 1 4 , 1 5 & 1 7 ) infec ted with 

l ive leptospiral cul ture became haemoglob inuric on days f ive , s ix 

and f ive respec tively pos t-infection . Calves 1 1  and 1 6  showed no 

signs of haemoglobinuria . The calves were slightly depressed and 

anorexic the day before haemoglobinuria occurred . Af ter the onset 

of haemoglobinuria the calves quickly became moribund and calves 

1 4  and 1 7  died . Calf 1 5  was euthanased when haemoglobinuric . 

The daily temperature readings from the ten calves was 

tabulated in Appendices XVI to XXV. No calf had a sustained pyrexia 

5 7  

and with the f ollowing exceptions, temperatures were diurnal and s imilar in all 

calves . Calves 14  and 15 had temperatures  of 4 0 . 5 ° C  and 40 . 0 ° C  

respectively o n  day five 

on day three .  

and calf 1 7  had a temperature of 40 . 0° C  

Calf 1 7  showed tenesmus and had hard , dry faeces on day fciur . 

Calf 1 1  was diarrhoeic on day four and on day nine , both calves 1 1  

and 1 6  had diarrhoea . The colour of faeces from calf 1 6  was norma l . 

Those from calf 1 1  on day nine were of a greyish colour becoming 

creamy white on day 1 0 .  The intes t inal disturbances a t  this  time 

coincided with loss of condition , with calf 1 6  showing a slightly 

s tunted appearance and calf 1 1  an obviously s tunted appearance 

when compared to the control calves . By day 1 5 ,  faeces from calf 

16 were normal in appearance while those from calf 1 1  were almost 

normal in colour but with a j elly-like texture due to the presence 

of large quantities of mucus:. 

Urine from calf 16 remained normal in appearance while that f rom 

calf 1 1  appeared very yellow from days 1 2  to 1 4 . 

Immediately following the removal of one third of its  b lood 

volume on day ten , calf 2 0 ,  the exper-i mental contro l ,  was reluc tant to 

stand and uns teady upon its feet but two to three hours later 



appeared normal .  Calves 1 2  and 1 3  showed n o  abnormal c linical 

signs . 

3 . 1 .  2 Hamsters 

Clinical signs , if seen,  consis ted of depression , anorexia , 

huddling in a corner of the cage and were followed rapidly by 

collapse and death . Occasionally , hamsters appeared to show 

irritation about the head region by the f requent rubbing in the 

region of the cheek and ear with the front paws . Some of these 

animals appeared to be photophobic with tightly shut eyelids and 

s igns were obviously j aundiced with a yellow t inge to all mucous 

me�branes and hairless areas of skin . Dehydration , shown by the 

loss of skin elastic ity , was observed in moribund animals . 

3 . 2  HAEMATOLOGY 

3 . 2 . 1  Red blood cells 

3 . 2 . 1 . 1  Calves 

Measurements of parameters relatin g  to RBC ' s  are detailed 

in full in Appendices �JI to XXV . Alterations in the PCV and 

haemoglobin levels are demonstrated graphically in Fig . 3-l ( i) & ( ii) . 

RBC measurement s  f or the population controls are detailed in 

Table 3-2 .  

From days one to f our the PCV and haemoglob in levels showed no 

change in the l ive leptospiral infec ted calves apart from minor 

day to day variation which also occurred in the control calves . 

On day five , calves 1 4  and 1 7  were h�emoglobinaemic and had 

PCV ' s of 0 . 22 and 0 . 23 and haemoglob in levels of 6 . 8  and 7 . 3  g/di  

respectively . Although calf 15  was not yet haemoglobinaemic , the 

PCV of 0 . 26 and haemoglob in level of 8 . 0  g/d£ were below the levels 

of the control calves . The appearance of haemoglob inaemia 

coincided with an increase in the ic terus index although accurate 

estimations of the ic terus index could not be made due to the 

interference by the free plasma haemoglobin .  By day six , calf 1 5  
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was also severely haemoglob inaemic with a PCV of 0 . 1 6 and 

haemoglobin level of 5 . 2  g/d t .  The PCV and haemoglob in readings 

f or calf 16  remained higher than those of the con trol calves 

throughout the dura tion of the experiment (Fig . 3-I (i) & (ii) ) .  

The values for calf 1 1  dropped below those of the control calves 

from day 1 1  post infec tion (Fig . 3-I (i)  & ( ii) ) . · 

The MCHC values f or all calves are tabula ted in Appendices 

XVI to XXV . All calves showed a gradual overall  decrease . 

Cytological examinat ion of the blood smears made prior to 

the development of haemoglobinaemia in calves 1 4 ,  1 5  and 1 7  revealed 

a .slight increase in the numbers of crenated cell s . In the 

haemoglob inaemic animals there was a large degree of ani�ocytosis 

and poik i locytosis . Late normoblasts , reticulocytes and 

erythroph?gocytic neutrophils and monocytes were rarely seen even 

in those animals in which haemoglobinaemia was severe . · There was 

little polychromasia . Rouleaux formation was seen in the RBC ' s  of 

haemoglobinaemic calves . The b led calf also failed to show 

increased nucleated RBC ' s ,  polychromasia or a reticulocytosis . 

Changes in th� ' toxin ' inj ected calves consist ed of a. slight 

l owering of PCV and haemoglobin levels on day two ( Fig . 3- 1 (i)  & (ii) ) .  

These values were slightly lower . than those of a l l  o ther control 

calves on that or previous days . No cytological alterations were 

observed in RBC ' s from non-haemoglobinaemic and ' toxin ' · inj ected 

calves . 

3 . 2 . 1 . 2  Ha�s ters 

The PCV, haemoglob in and MCHC values are detailed in full 

in Appendic es VII to XIV.  Data from selected hams ters is tabulated 

in Table 3-3 to emphasise the alteration in the PCV and 

haemoglobin levels in relation to the MCHC values . 
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There was lit t le change in PCV or haemoglobin levels in hamsters 

euthanased on days one and two . On day three hamster ( 3- 5 )  was 

haemoglobinaemic with a PCV of 0 . 4 2 and haemoglob in level of 14 . 2  g /d t .  



TABLE 3-3 Data from selected* hamsters demcnstrating the decrease in PCV and haemoglobin levels , the increase 
in the MCHC and alteration in icterus index, total protein and white b lood cells.  

Hamster PCV Hb MCHC II TP WBC PMN IMM Eosin Bas Lycte Mcyte 
(g/dR.) (g/dR.) (g/ R.) (X109 /R.)  (x109 / R. )  (x109 / R. )  (x10 9 / R.) (x109 /R.) (x 10 9 /f-) (x10 9 I R.) 

2- 1 0 . 52  1 6 . 2  3 1 . 2  0 54 5 . 4  0 . 8  0 0 0 4 . 6  0 . 1 

2-2 0 . 50 1 6 . 2  32 . 4  0 54 1 . 2  0 . 3  0 0 0 0 . 9  0 

3-2 0 . 44 1 4 . 4  32 . 7  0 58 4 . 5  1 . 6  0 0 0 2 . 8  0 . 1 

3-5 0 . 42 1 4 . 2  33 . 8  1 5-20§ 58 1 3 . 7  5 . 0  0 . 6  0 . 1 0 7 . 8  0 . 1 

4-4 0 . 43 1 3 . 2  30 . 7  20+§ 56 1 2 . 0  7 . 0  1 . 0 0 . 1  0 3 . 7  0 . 2  

5-5 0 . 33 1 2 . 0  36 . 4  20+§ 74 1 8 . 8  1 0 . 2 1 . 3  0 . 6  0 1 . 9  8 . 6  

4-1 0 . 3 1  1 1 . 0 35 . 5  ,, 80 14 . 5  7 . 7  1 . 3  0 0 5 . 5  0 . 6  

6-5 0 . 28 1 2 . 6  45 . 0  ,, 64 54 . 0  36 . 7  5 . 4  1 . 1  0 3 . 2  7 . 6  

4-3 0 . 18 9 . 6  5 3 . 3 ,, 96 1 7 . 5  9 . 2  2 . 8  0 . 2  0 5 . 3  0 . 4  

5- 1 0 . 1 2  8 . 6  7 1 . 7  ,, 90 1 5 . 1 6 . 3  2 . 3  0 . 2  0 5 . 1  1 . 2  

6-4 0 . 085 1 2 . 0  1 4 1 . 2  ,, 82 34 . 3  1 4 . 7  4 . 1  1 . 0  0 9 . 9  4 . 5  

6- 1 0 . 035 5 . 8  165 . 7  ,, 98 8 . 7  3 . 8  2 . 1 0 . 4  0 2 . 3  0 . 3  

§ haemoglobinaemia 

,, severe jaundice and haemoglob inaemia 

* complete data in Appendices VII to XIV 

' 



The plasma was yellow .  Haemoglobinaemia was not seen in other 

animals  on day three although one hamster ( 3-2)  had a lower PCV 

and haemoglobin leve l .  

On day four , three out of the six hamsters euthanased am were 

haemoglobinaemic and all six hamsters euthanased pm were 

haemoglobinaemic . On day f ive am when the remaining surviving 

hamsters were euthanased , six of the seven were haemoglobinaemic .  

The severity of haemoglobinaemia increased with the decrease  in the 

PCV and haemoglobin levels  (Table 3-3) . The increase in free p lasma 

haemoglobin masked the increase in the icterus index but yellow 

di!>colouration of the plasma could still be  distinguished (Fig . 3- 2 ) . 

Very low PCV and haemoglobin levels were accompanied by high 

MCHC value s .  Thus hamster (6- 1 )  which had a PCV of 0 . 035 had an 

MCHC of 165 . 7  g/d£  and hamster (6-4 ) with a PCV of 0 . 085 had an 

MCHC of 14 1 . 2  g/d£ (Table 3-3) . 

Cytological examinat ion of RBC ' s  in b lood smears from animal s  

in which the PCV was slightly lower than normal and which were· not 

yet haemoglobinaemic showed a slight increase in crenated cell s . 

Crenated cells were also seen in the con trol animals . In those 

animals which were haemoglobinaemic , the RBC ' s  showed a large 

degree of anisocytosis , poikilocytosis and spherocytosis . The 

degree of these cytological abnormalities increased with the 

decrea se in the PCV , as did the degree of p olychromasia . Few late 

normoblasts or normoblasts  were seen . 

Erythrophagocytosis by neutrophils and monocytes was common 

in those animals which were severely haemoglob inaemic (Fig. 3-3) . 

Those hamsters which were bled to mimic RBC loss showed polychromasia 

and increased numb ers of nucleated RBC ' s .  

3 . 2 . 2  White b lood C:ells  

3 . 2 . 2 . 1 Calves 

The t otal and differential WBC counts are detailed in 

Appendices XVI to XXV .  All calves shm·7ed day to  day variation in 
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Fig 3-2 

Centrifuged capillary tubes of blood from a control hams ter 

on the · extreme left and , to the right , blood from five 

hamsters infec ted with ball um and showing increasing degrees 

of j aundice and haemoglobinaemia with a decrease in PCV . 

PCV ' s from left to right : 0 . 50 ,  0 . 44 ,  0 . 2 5 ,  0 . 1 8 ,  0 . 1 2 ,  0 . 035 . 





total WBC numbers but signif icant differences in total counts 

between control and treated calves were not observed . 

The highest WBC counts in the live leptospiral inj ected and 

haemoglob inaemic animals were 1 2 . 1x10 9 /£ in calf 1 7  on day five , 

1 1 . 0  x 10 9 cells/£ in calf 1 4  on day five and 1 1 . 7x109 cells/£ 

in cal f  15  on day six . These counts were no higher than some 

obtained from the untreated control calves and slightly higher 

than those of the population controls (Table  3-2 ) . The highes t  

WBC counts for the ncn-haemoglobinaemic calves were on day ten on 

which calf 1 1  had a count of 1 3 .  7x109 cell s /R. and calf 16 had a 

�ount of 1 2 . 9x10 9 cells/£ . 

Al though differences in total WBC counts  were minor , the 

differential cell counts and cytological examinat ion showed 

abnormalities in the infected calves . In the las t  blood samples 

taken before their deaths , calves !4 , 1 5 and 17 had increased 

numbers of band cel l s ,  with both mature neutrophils and band cells 

showing evidence of toxic granulation and vacuolation of the 

cytoplasm.  Calf 1 4  had a transient neutrophilia of 5 . 4x l 0 9 cells/£ 
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on day three and calf 17  had a transient neutrophilia of 5 . 3x 1 0 9 cells/ t  

on day f ive . Calves 1 1  and 1 6  showed n o  a l teration in neutrophil 

morpho logy but on day 1 1 ,  calf 1 1  had a trans ient neutrophilia 

of 5 . 3x 1 09 cells/ � .  On day ten , calves 1 1  and 16 each had a 

lymphocytosis of 9 . 2x 1 0 9 cells/ i and 8 . 4x 1 09 cells/ & respec tively . 

The monocytes shm.,red the greatest changes in numbers . Of the 

three calves which became haemoglob inaemic two had a monocytosis 

in the last blood samples taken before their deaths , Thus calf 

14  had a count of 2 . 3x l 0 9 cells / !  on day f ive and calf 15 had a 

monoc;yte count of 2 . 7x 1 0 9 cells/ .2. on day s ix .  lfuile calves 1 1  and 

16  did  not have monocyte counts as high as those from calves 

1 4  and 1 5 ,  a monocytosis was seen in calf 1 1  b lood smears on days 

f ive and ten and in blood smears from calf 1 6  on days two , seven 

and t en .  



3 . 2 . 2 . 2  Hamsters 

The tota l  and different ial WBC c ounts are tabulated in 

full in Appendices VII-XIV . Data from selec ted hams ters is 

presented in Table 3-3 to illustrate part icular points . 

In con tras t  to the calves the hamsters showed very marked 

changes in the leucogram. The total and differential whi te cell 

c ounts could vary grea tly depend�ng on the animal and the s tage 

of infection . The earliest changes were seen on day two in v:hich 

hamster (2- 2 ) had a profound leucopaenia and lymphopaenia and hamster 

( 2-4 ) had a leucocy tosis consisting of a s l ight neutrophilia and a 

large lymphocytosis (Table 3-3)_ .  

More severe changes occurred in sub sequent groups o f  euthanased 

animals . For example , eJ�tremely high leucocytoses of up to 

34 . 3x10 9 cells/ � and 54 . 0x10 9 cells/� were seen in hamsters ( 6-4)  

and (6-5)  respectively and comprised a. neutrophilia and a left  

shif t (Table 3- 3) . In  all those animals  in which ha�moglob inaemia 

was presen t , regardless of the size of the neutrophilia there was 

a left shift  with both mature and immature neutrophils showing tox ic 

granulation , blue-grey colouration and vacuolation of the cytoplasm 

(Fig 3-3) . Lymphocytoses were less evident but a monocytosis was 

of ten presen t in haemoglob inaemic animals . The largest 

monocytosis was tha t of hamster (5-5) (Tab le 3- 3) in which 

8 . 6x10 9 cel l s / �  were seen . In all haemoglobinaemic hamsters  the 

monocytes were large , of ten clumped , contained dark granular 

inclusions , many vacuoles within the cytoplasm , and resembled 

macrophage s .  Intravascular erythrophagocytosis by neutrophils 

and monocytes (Fig. 3- 3)  was more frequent in hamsters than in calves . 

3 . 2 . 3  Bone marrow 

3 . 2 . 3 . 1 Calves 

The result s  of the calf bone marrow differentials are 

summarized in Appendix XXVI. The myeloid. :  erythroid (M : E )  ratios 

of untreated control calves 18 and 1 9  were 0 . 8  and 3 . 0  r espectively . 
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The M: E ratios of the ' toxin ' inj ected calves 1 2  and 1 3  were 0 . 8  

and 0 . 4 respectively with 0 . 8  being normal and 0 . 4  below norma l . 

Differential counts  of haemoglobinaemic calves were restricted 

to calf 1 5  only as the calves 14 and 1 7  which were found dead were 

not suitable for bene marrow differential c ount s  due to autolysis 

of the marrow cells . The M : E ratio of 0 . 6  in calf 15 was slightly 

below the normal range of the control calves . Calves _l l  and 1 6  

which did not become haemoglobinaemic had M : E ratios of 0 . 3  and 0 . 4  

respectively which were lower than those of the control calve s . 

Cal f  20 which was bled had an M : E ratio of 1 . 3  which was within 

the range of the untreated control calves . 

The s tages in the myeloid cell maturation were in the same 

proportion in ' toxin ' inj ected calves 1 2  and 1 3 ,  and b led calf 2 0  

a s  in the c on trol calves 18  and 1 9 .  There were increased numbers 

o f  myeloblasts in the infec ted calves 1 1 ,  15 and 16 with the 

number of mature neutrophils reduced in calf 1 1  and almost  absent 

in calf 1 5 . Cells of the myeloid series showed vacuolation of 

the cytoplasm and toxic granulation with some asynchrony of 

development between the cytoplasm and nucleus . 

Proport ions of cells in the var icus s tages of erythroid 

development did not vary greatly between the ccn trol calves and 

treated calves . The only maj or cytological abnormalities noted 

occurred in calf 15 in which late normoblasts contained 

abnormally shaped nuclei or nuclear f ragments  (Fig. 3-5 )  and 

increased number of haematogenes were presen t .  

3 . 2 . 3 . 2  Hamsters 

There was considerable variation in the M: E rat io of 

c ontrol and infected hams ters (Appendices VII to XIV) . Up to 

30% of the cells in normal hamster bone warrow smears were small  

to medium s ized lymphocytes .  

The bone
-
marrow from severely haemoglobinaemic hams ters 

gross ly appeared to be more ' watery ' than normal and upon 
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microscop ic examinat ion was hypocellular . Increased numbers of 

erythroid cell mitoses were seen in bone marrow of some 

leptospiral infected hamsters early in the disease . The occasional 

hamster had increased numbers of erythroblasts , as was illus trated 

by hamster ( 3-5 ) . The most notab le feature in the severely 

haemoglob inaemic hamsters was the p resence of many late 

normoblasts  containing abnormally shaped nuclei or nuclear 

fragments .  In addition many haematogenes  were observed and 

occasionally erythrophagocytosis by macrophages was seen . 

In those hamsters which were s everely haemoglobinaemic there 

�as an a lmost complete absence of mature and band neutrophils 

(Fig. 3-4 ) . Those cells of the myeloid series present showed 

toxic granulation and vacuolation of the cytoplasm and asynchrony 

between the nuclear and cytoplasmic development . Cells  appeared 

larger than normal and the occasional b inucleated cell  was 

present . Degenerat ion of cells in all  s tages of myeloid development 

and phagocytosis of cellular debris was seen . Mitotic figures  in 

cells of .b oth the myeloid and erythroid series were commonly 

observed . 

Megakaryocyte and lymphocyte morphology appeared normal . 

Some severely haemoglobinaemic hamsters appeared to have a 

relative increase in the numbers of marrow lymphocytes . 

Although differential cell counts were not made on marrow 

from those hamsters which were f ound dead, evaluation of the cell 

density in smears showed the marrow to be  hypocellular . 

3 . 3  BLOOD BIOCHENISTRY 

3 . 3 . 1 Protein level s  

Calf and hamster protein levels are tabulated in full in 

Appendices XVI to XXV and VII to XIV respectively . 

3 .  3 . 1 .  1 Total .Pla�nna p·rotein 

The normal variation of total pla sma protein levels  of 

young calves are described by Thomps on & Pauli ( 1 98 1 ; Appendix I ). 
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Fig 3-3 

B lood smear from a haemoglob inaemic hams ter inf ected with ball um. 

A monocyte (MO) with a vacuole containing a phagocytosed 

RBC (R) and a metamyelocyte (MM) with toxic granulation 

and blue-grey colouration of the cytoplasm are present . 

McNeal ' s  1 040x 

Fig 3-4 

Bone marrow smear f rom a haemoglobinaemic hams ter infected with 

bal l um .  There are increased numbers of early erythroid (e)  

and myeloid (m) cells in addition to large numbers of 

metamyelocytes ( large ar�ows ) and normoblasts ( small arrows ) . 

Few band cells (h ) and PMN' ' s (p) are presen t .  

McNeal ' s  200x 

Fig 3-5 

Bone marrow smear from haemoglob inaemic calf 1 5  inf ec ted with 

pomona . A normoblas t  (arrow) with an abnormally shaped nucleus 

and nuclear fragmen t s , a progranulocyte (PG) and a myeloblast 

(�lli ) are presen t .  

McNeal ' s  1 04Qx 





Young calves at tain high levels of protein following ingestion 

of colostrum soon af ter birth and these levels gradually decline . 

The untreated calves 1 8 ,  1 9  and 2 0 ,  and the ' toxin ' inj ec ted 

calves 1 2  and 1 3  showed this decline . 

Calves 1 4 , 1 5  and 1 7  which became haemoglobinaemic showed 

small variation in the total protein levels with calf 1 5  showing 

a slight increase in total protein on day s ix .  Total protein 

levels f or calves 1 1  and 16  remained slightly higher than those 

of the c ontrol cal ves throughout the experiment but shm·1ed the 

characteristic overall dec line in values with some day to day 

variation . 

The total protein levels of selected hamsters are 

summarized in Tab l e  3-3 .  Very high levels of total protein were 

seen in moribund hams ters with values as high as 96 g/� and 

98 g/£ in hamsters (4- 3) and (6 -- 1 )  respectively . 

3 . 3 . 1 . 2  Fibrinogen 

All f ibrinogen levels were nonnal excep t in calf 1 7  on 

day f ive where a level of 1 2  g/"t  was measured . 

3 . 3 . 1 . 3  Protein electrophoresis 

The dec l ine in total plasma protein levels in the calves 

was due to a decrease in y globulin and to a lesser extent S 
globulin . While the albumen and a globulins showed some day to day 

variation , their levels did not show an overall decrease . 

Those calves which became haemoglobinaemic showed more 

variation in the protein fractions.  On day f ive calves 1 4  and 1 7  

had a large increas.e in a globulin . . On day six calf 1 5  had 

small  increase in a globulin , which·; while within the range of 

the control c a lves ,was slightly higher than the previous readings 

f or that particular calf . 

From day nine pos t infection , values of a globulin for calves 

1 1  and 16 were slightly higher than those of the control calves 

with calf 1 1  showing the greater increase . 
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3 . 3 . 2  Liver enzyme s 

The results are tabulated in full in Appendices XVI 

to XXV and resul ts of GGT and AAT are demons trated graphically 

in Fig. 3-6 ( i) & (ii)  . Duplicate enzyme results were so 

close in value that the second result only is tabulated in 

the appendices . 

Values for normal calves from b irth to six weeks have 

been described by Thompson & Pauli ( 19 8 1 ;  Appendix I) and 

Bouda et al ( 1 980) . The levels of GGT and AP in all calves 

in this experiment followed the pattern of change described 

by them. AAT levels  remained low in all control calves . 

GGT level s  of the calves 14 , 1 5  and 1 7  decreased as 

expec ted unt il the last sample taken before death where values 

of 1 0 2  IU/ 1 ,  5 IU/1 and 90 IU/1 respec t ively were ob tained 

(Fig. 3-6 ( i) ) . The figure of 5 IU/1 was low but repea table.  

All f igures are  probably inaccurate due to the free plasma 

haemoglobin .  

AAT was raised in calves 14 , 1 5  and 1 7  only when the 

animals  were haemoglobinaemic with values of 77 Ill/ 1, 1 6 3  IU/ Q, 
and 8 2  IU/ 1 respectively . The value f or calf 1 5  was the 

only value to alter to wel l  above the normal range (Fig . 3-6 ( ii) ) .  

Calf 1 6  showed no abnormality in l iver enzyme levels .  

Alt erations in l iver enzyme levels  of calf 1 1  occurred f rom day 

e ight when serum GGT levels rose from 165  IU/ 1  to 1 7.9 IU/ 1 to 

reach a peak of 307 IU/ t on day 1 2 .  The levels  of AAT rose 

t o  7 8  IU/ 1 which was slightly above the normal values for 

cattle  (Thompson & Paul i ,  1 98 1 ;  Appendix I)  and higher than 

values previously obtained for this calf . AP levels rose 

f rom 4 1 1  IU/ 1 on day eight t o  a peak of 84 3 IU/ 1 on day 1 2  

then gradually declined . This peak o f  843 IU/ 1 was higher 

than initial values of AP for this calf . 
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3 . 3 . 3  Bilirubin 

The calf bilirubin levels are detailed in full in the 

Appendices XVI to XXV. 

Total bil irubin levels remained low in the non-infec ted 

calves 1 8 , 19 and 20 and the ' toxin ' inj ec ted calves 1 2  and 1 3 .  

Higher levels o f  total bilirubin were measured in serum samples 

from calves 14 , 1 5  and 1 7  taken the day before death . This 

increase in total bilirubin con sisted of an increa se in indirec t 

or unconj ungated bilirubin . Increases in direc t or conj ugated 

b il irub in were very small . 

Bilirubin level s  in calf 1 1  serum sampl es were raised 

from days 9 to 1 4 ,  this increase consisting of both increased 

conj ugated and unconj ugated b ilirubin .  There were no increases 

in total b ilirubin levels of serum from calf 1 6 . 

Attempts were made to measure bilirub in l evel s  in hamsters 

up to day four . It  was f ound that although increase in bilirubin 

levels occurred early in the disease , once the haemoglobinaemia 

became seve:Le , the levels of bilirubin decreased . The bilirubin 

measurements were discon tinued af ter day f our a s  the large amount 

of haemoglobin interfered with the readings . 

3 . 3 . 4  Blood urea nitrogen 

The BUN measurements ob tained from the c alves are 

tabulat ed in the Appendi·ces XV I to XXV . 

There was no increase in the BUN levels of control calves 

1 8 ,  19 and 20, the ' toxin ' inj ec ted calves 1 2  and 1 3  and 

infected calf 16 . They remained between 4 . 5 - 7 . 1  mmo l / t ,  

below the upper l imit of normal for cattle which a t  this 

laboratory is 9 mmol / t .  Calves 14 , 15 and 1 7  had slightly 

increa sed BUN level s  of 1 0 . 7 ,  1 2 . 5  and 1 1 . 6 mmol/ t  in the serum 

samples taken the day before death occurred , when the animals 

were haemoglobinaemic . In calf 1 1  the BUN increased to 9 . 8  

and 1 3 . 4  mmol / t  on days three and ten respectively . 
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3 . 4  EXAMINATION OF URINE 

No significant f indings were seen in the urinary sediment 

of calves except for the presence of RBC ' s  in those calves which 

were haemoglobinuric . All calves showed varia tion in the pH 

and specific gravity measurements (Appendices XVI to XXV) . 
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On the day befor e dea th calves 1 4 ,  1 5  and 1 7  were haemoglobinuric 

and proteinuric and urinary bilirubin was absen t .  

Calf 1 6  showed minor urinary changes . On day 1 3 ,  a trace 

of protein was presen t .  Calf 1 1  had greater u rinary changes . On day 

ten traces of protein , glucose and bilirubin were present . By day 

1 2 ,  the urine was s trongly positive for protein and glucose and 

moderately so for bilirubin . The urine was yellow.  By day 1 5 ,  

protein , glucose and b ilirubin were present only a s  traces and the 

colour of the urine was similar to that of the controls .  

Visual examinat ion of the hamster urine revealed that all 

haemoglobinaerr.ic animals were also haemoglob inuric . Normal urine 

of hamsters is opaque and viscous . Those hamsters in which the 

PCV was starting to fall yet were not haemoglobinaemic had urine 

which was clearer than normal . 

3 . 5  EXAMINATION FOR LEPTOSPIRES 

Blood f rom calves 1 4 ,  16 and 1 7  was culturally positive for 

leptospires from day one while b lood from calves 11  and 1 5  \olaS 

culturally positive from day two . Positive cultures were ob tained 

daily from calves 1 4 ,  15 and 17 until death . Calves. 1 1  and 1 6  

were culturally negative for leptospires f rom day 1 1 .  

Plasma samples on day five from calves 1 4  and 1 7  contained the 

occasional organism /hpf . That from calf  1 7  contained several 

organisms/hp£ on day si:-:: . On d ay seven plasma samples 

from calf 1 1  contained the occasional organism/hp£ :with 

many organisms /hp£ seen on day nine . In contrast , calf 16 had 



only the occasional organism/hp£ on days eight and nine . On day 

ten ,  calves 1 1  and 1 6  were no longer leptospiraemic by dfm. 

Direct examination of urine from calves 1 4 , 1 5  and 17 showed 

several organisms/hp£ on the last samples ob tained before death 

of the calves . Direc t examination of ur ine from calf 1 1  revealed 

several organisms /hp£ on days nine and ten increasing to many 

organisms/hp£ on the day of euthanasia . No organisms were seen 

in the urine from calf 1 6 . 

The MAT ' s are summarized in Appendices XVI to XXV . No titres 

were f ound in calves 1 4 ,  15 and 1 7  on any day . Titres s tarted 

�o develop in calf 1 1  from day 1 1  and calf 1 6  from day nine . 

The plasma from b lood samp les of haemoglobinaemic hamsters 

was positive for leptospires by dfm. Very f ew or no lep tospires 

were seen in non-haemoglob inaemic hamsters . 

4 . 0  D I SCUS S ION 

Anaemia and haemoglobinuria result ing f rom RBC destruc
.
tion 

were the mos t  prominent clinical and clinical-pathological features 

of pomona infection of calves and ball um inf ect ion of hams ters . 

Although the RBC des truc tion when j udged f rom PCV and haemoglobin 

levels  appeared to be more severe in hamsters than in calves , i t  

is likely that had b lood samples been taken fr�m the calves shortly 

before they died naturally from the disease , l evels  similar to 

those obtained from hamst�rs may have been seen . Death in both 

species appeared to be  as a resul t of RBC destruc tion and certainly 

in the hamsters , with the extremely low PCV ' s  of 0 . 035 and 0 . 085 , 

tissue hypoxia could be  expec ted to be of c onsiderable importance 

in the development of lesions (Chap ter 5) and clinical signs 

(Benj amin , 1 979) . The importance of RBC destruction in the death 

of hams ters has been demonstrated by experiments in which bal l um 

infected hamsters were treated with sulfadiazine which preven ted 

RBC destruction presumably by decreasing the numbers of lep tospires 

in c irculation and death occurred two to three weeks later due 
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to chronic renal failure (Frenkel ,  1 972) . It  was observed in 

the present  experiments that severe RBC destruc tion commenced 

within five to six days in both species and dea th rapidly followed . 

Although the present experiments show that calf deaths occur 

shortly af ter the onset of haemoglobinaemia and haemoglob inuria 

other work ha s shown that death following RBC destruc tion is 

not inevitable (Reinhard , 1 95 1 ;  Spradbrow & Seawright ,  1 9'63) . 

Leptospiral infections of calves are more likely to be fatal 

or show c l inical signs of infection than adult cattle 

( Fennestad et al , 1 96 7 ; Reinhard & Hadlow ,  1 954 ; Spradbrow & 

.
seawright , 1 96 3 ;  Turner et al , 1 958) . Although serial daily 

b lood samples could not be ob tained from hamsters , death appeared 

to occur 1 2- 24 hours f rom the onset of haemoglob inaemia and it 

is probable that the cnset of the c linical signs of anorexia and 

depre ssion coincided with the onset of RBC destruc tion because all 

hams ters showing clinical signs were also haemoglobinaemic .  

Those animals with the extremely l ow PCV ' s also had 

elevated total protein and c linical signs of dehydration . It 

therefore seems likely that  the PCV levels  were in reality 

lower than the levels recorded because dehydration leads to 

high PCV and total protein levels caused by reduction of the 

total p lasma volume (Benj amin , . 1 97 9 ;  Duncan & Prass e ,  1 97 8 ; 

Schalm et al , 1 97 5 ) . 

The extremely high levels of MCHC in severely haemoglob inaemic 

hamsters is artefac tual , resulting from total haemoglobin readings 

which inc lude free plasma haemoglobin as well a s  the haemoglob in 

contained in intact RBC ' s . There is no way in which the MCHC may 

become increased above the upper limit of 36 g/di as the RBC can 

not be supersaturated with haemoglobin (Benjamin , 1 97 9 ) . The 

raised MCHC ' s  in these hamsters may have resulted f rom free plasma 

haemoglobin being removed more s lowly than the haemolysed cells . 

Hamsters showed greater evidence than calves of intravascular 

removal of RBC ' s  by monocytes and P�lli ' s .  The decreasing PCV , 

haemoglob in and MCHC values seen in the c ontrol calves is a 

normal phenomenon in neonatal calves (Benj amin , 1 9 79 ) . 
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The crenated RBC ' s  observed in the blood smears may have been 

artefac tual as they also occurred in some smears f rom control 

animals . The longer time taken for thicker smears to dry and the 

prolonged s tanding of blood before makin g  the smear will cause 

such changes (Benj amin, 19 7 9 ;  Schalm et al , 1 97 5 ) . The spherocytes 

and poikilocytes seen in smears f rom haemoglobinaemic animals 

appear to correspond to the abnormally shaped RBC ' s  described in 

Chapter 4 .  

The wide variations in the M: E ratios of normal animals 

seen in the present experiments has been reported by other workers 

. (Benj amin , 1 9 7 9 ;  Schalm: et al , 1 975) . In the present experiments , 

the sever ity of the infect ion in the haemoglobinaemic animals was 

reflec ted in the bone marrow as well as the peripheral b lood . The 

M : E ratios alone were not particularly informative and mus t be  

viewed in conjunction with marrow cell  cytology and the peripheral 

blood pic ture to provide accurate informat ion on haemopoiesis 

( Schalm et al , 1 975) . In any situation if the demand for cell s  

is such that cells o f  both erythroid and myeloid series are 

removed in approximately similar proportions the M: E ratio may 

remain within the normal range . If , a s  occurred in moribund 

hamster s ,  suff ic ient cells from both myeloid and erythroid cell 

l ines are removed then the marrow wil l  appear hypocellular ;1hile 

still  maintaining normal M : E ratios . Increased numbers of mitotic 

figures and blast cells from both ser ies indicated increased 

haemopoiesis . Abnormally nucleated late normoblasts in the 

severely haemoglob inaemic animals resul t from either the s tress 

placed upon the marrow to produce RBC' s or ' toxic ' effects from 

the organisms upon the marrow cells . Such abnormally nucleated 

RBC ' s  are frequently seen in myeloproliferative disorders involving 

the erythroid cell series (Thompson & Johnstone , In pres s :  1 98 3 ;  

Schalm , 1 98 0) . Cytological changes in marrow smears from calf 1 5  

were similar . to those o f  the haemoglobinaemic hams ters which also 

had decreased M: E ratio s .  Loss of myeloid cells was also seen . 

While haemoglobinaemia did net occur in the ' toxin ' inj ected calves , 

the lower M : E ratios in one calf sugges ted increased erythroid cell 
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produc tion and , as wil l  be discussed in Chapter 4 ,  RBC ' s  from the 

' toxin ' inj ected calves were abnormal in morphology and probably 

recognised by the spleen and removed (Crosby,  1 977 ; Griggs et al , 

1 960 ; Rifkin d ,  196 5 ;  Wagner et al , 1 96 2 ;  Weiss , 1 962a) with this 

net loss of cells stimulating erythropoiesis . The two calves 

which did not become haemoglobinaemic also showed increased 

erythroid cell produc tion which was indicated by decreased M-i E 

ratios and increased number of erythroblasts . As only two control 

calves were used in this experiment ,  the M : E  ratios ob tained can 

not be considered representative of normal animals . 

Neutrophil abnormalities occurred in the marrow and the 
. 

peripheral b lood of calves and hamsters . The lack of a sustained 

neutrophilia in the calves was not unexpec ted as cattle have only 

limited neutrophil reserves and a leucopaenia is common in acute , 

severe infec t ions (Benj amin , 1 9 7 9 ; Schalm et al , 1 97 5 )  and has 

bee ' - · n  canicola infections o f  cattle ( Imbabi et al , 1 96 7 ) . 

The abnormal cytological features seen in neutrophils in both the 

peripheral b lood and bone marrow , and the hypocellula rity of the 

marrow reflec t the greatly increased requirements for neutrophils  

and the inability of the marrow to cope with these demands . 

Both of these result from toxaemia . Little is known of the 

neutrophil reserve of hamsters , but the present  results indicate 

that they must be s izeable and/or the bone marrow has the ability 

to respond rapidly . That species variation occur s ,  is illustrated 

by the work of Ludwig & Kohn ( 1 964)  who have shown that Chinese 

hamster marrm1 has a greater ability than that of the mouse for 

proliferat ion . 

Monocytosis , while usually a ssociated with inflammatory 

conditions ( Schalm et al , 1 975)  has also been reported to occur 

· with internal haemorrhage and haemolytic disease (Benj amin , 1 9 7 9 ; 

Duncan & Prasse,  t 978 ; Schalm, 1 98 0 ; Zinkl , 1 98 1 ) . These  d isorders 

require phagocytosis to remove macromolecular partic les . While 

monocytes with the charac teristics of macrophage s  have occasionally 

been reported in peripheral blood , lit tle is known of their 

significance (Zinkl , 1 98 1 ) . It  seems likely that in the present 
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experiments that the monocytoses were due to an increased demand 

for phagocytes caused by cellular necrosis and RBC des truc t ion . 

The profound blood and bone marrow abnormalities recorded 

in the haemoglobinaemic animals is in contrast to the minor 

changes in the nonhaemoglobinaemic calves and the ' toxin ' 

inj ec ted calve s .  In order to reproduce the clinical disease and 

haematologica l  changes noted in the haemoglob inaemic ani111als  i t  

is  probable that larger quantities o f  ' toxin ' would have to be  

continually infused .  In the natural d isease it i s  probable that 

large quantities of ' toxin ' are released from the large numbers 

of organisms in the b loods tream and tissues . While the deaths 

�f the haemog lob inaemic animals appeared to result primarily 

from hypoxia following RBC destruc tion , the effects of ' toxins ' 

produced by the leptospires acting upon other body organs must 

also be considere d .  The effects of lep t ospiral ' toxins ' in the 

absence of haemoglobinaemia was shown by the clinical pathological 

results of calf 1 1 .  That this calf was susceptible to infection 

was seen by · the development of c linical s igns and a leptospiraemia 

which was larger than that of the haemoglob inaemic calves . ·Some 

s trains of ball um as will be demons trated later produce death 

without haemoglobinaemia by kidney and l iver insufficiency . Also as. 

discussed ear lier , sulphadiazine treatment o f  hamsters infec ted 

with a haemolyt ic strain of bal lum prevented RBC destruc t ion and 

the an imals  died later from nephritis (Frenkel ,  1 972) . 

The increased total bilirub in in haemoglobinaemic animals 

was not an ind ication of hepatic dysfunction as it consisted mos t ly 

of increased unconjugated bilirub in and coincided with the onset  

of  haemoglobinaemia . This reflected the large scale RBC destruc tion 

and the inability of the liver to cope with the sudden produc t ion 

of a large quantity of unconjugated bilirubin (Benjamin , 1 9 7 9 ;  

Duncan & Prasse , 1 978 ; Schalm et al , 1 97 5 ) . This contras ted with 

calf 1 1  in which liver dysfunct ion was shown by the presence of 
I 

large quantities of unconjugated and c onj ugated bilirubin which 

indicated that the l iver could still  c onjugate the bilirub in but 

was unable to excrete it into the bile (Benj amin , 1 97 9 ;  Duncan & 
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Prasse , 1 9 78 ) . While j aundice is sometimes present (Ferguson et al , 

1 957  ) some workers con@ent on its absence even though 

RBC destruc tion has occurred (Spradbrow & Seawright , 1 96 3) . 

Jaundice in sheep with haemolytic pomona infections has been 

reported as being due to increased unconj ugated bilirubin . This 

indicates that the increases are due to RBC destruction rather than 

the inability of the liver to conj ugate and excrete the bilirubin 

(Hodges ,  1 974 ; Millar et al , 1 9 7 7 ) . 

The enzyme levels  from the haemoglob inaemic calves are 

consid ered inaccurate because plasma haemoglob in interferes with 

readings . As alterations in enzyme levels were not recorded until  
. 

the calves became haemoglob inaemic , it is apparen t that liver lesions 

detectable by serum enzymes did not occur until late in the course 

of the disease . Never theless raised level s  of AAT are suggestive 

of hepatocyte necrosis and the presence of this was conf irmed 

histologically (Chapter 5 ) . 

As calves 1 1  and 16 did not become haemoglobinaemic , level s  of 

their serum enzymes may be  considered accurate . Hepatic dysfunction 

as indicated by AP , AAT and GPT was not detected in caJf 16 but 

was seen in calf 1 1 .  The r ise in AAT was indicative of hepatocyte 

necrosis as this enzyme is intracellular and released following 

hepatocyte des-rruc tion (Benj amin , 197 9 ;  Duncan & Prasse , 1 9 78 ) . 

AAT may also be released from damaged muscles and may be 

differentiated from hepat ic &�T by isoenzyme studies (Benj amin , 1 9 7 9 ) . 

Isoenzyme studies were not done but it is c onsidered that the raised 

AAT in calf 1 1  was of hepatic origin as the calf did not show any 

evidence of musc le disease or spend long periods recumbent and 

other signs of l iver disease were present . Raised GGT level s  have 

been shown to be indicative of bile duct d isease (Blackshaw , 1 9 7 8 ) . 

Cholestasis was indicated by the presence of raised serum conj ugated 

b i lirubin and raised AP . Both AP and conj ugated b ilirubin are 

excreted into the b ile and levels are raised as a result of 

cholestasis (Benj amin , 1 979 ) . Pale , pasty coloured faeces resul t 

from a lack of faecal stercobilin which r esul ts from intestinal 

b reakdown of b ilirubin . Benj amin ( 1 9 7 9 )  considered that pale , 
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pasty coloured faeces are charac teristic and may be considered 

diagnos tic of cholestasis . 

Although haemoglob inaemia did not occur in calf 1 1  it  appears 

that there was increased removal of RBC ' s  from c irculat ion . Abnormal 

RBC ' s  were seen at the t ime of maximum lep tosp iraemia (Chapter 4 )  

and this  coincided with the release o f  liver enzymes and the decrease 

in the PCV and haemoglobin levels . RBC morphology is inf luenced by 

such factors as plasma choles terol and fatty acids (Gj one & Norum, 

1 970 ;  Murphy , 1962a , b ; Ways et al , 1963) , the former factor 

con trolled by the esterification activity of the enzyme lecithin­

cholesterol acyltransferase (LCAT) (Raz et al , 1 96 9 ) . The activi ty 

of LCAT is depressed in pat ients with obstruc tive j aund ice (Gj one 

& Norum, 1970)  and it is possib le that the RBC abnormalities noted 

in this calf were the result of a similar proces s .  Such an 

alteration in the RBC membrane would be detected by the spleen and 

the sub sequent removal of RBC ' s  result in anaemia and increased 

erythropoiesis . 

In the haemoglobinuric calves , the raised BUN and proteinuria 

coincided with the onset of haemoglobinuria . Haemoglobinuria has 

been described as a cause of tubular nephrosis (Flink , 1 94 7 ; 

Jaenike & Schneeberger , 1 96 6 )  and haemoglobinuria rather than the 

presence of organisms is considered to be  the mos t likely explanation 

of the renal changes observed . The abnormal urine in calf 1 1  
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coincided with the p eak o f  leptospiraemia and larger numbers of 

organisms were seen in its urine when compared to the haemoglob inuric 

calves . The. pathogenesis of the renal dysfunction of calf 1 1  was 

probably related to damage caused by the presence of leptospires and/or 

their ' toxins ' in the renal tubules . Marshall ( 1 97 3 )  reported 

endothelial cell damage caused by migrating organisms and ultra­

struc tural lesions of glomerul i  and tubules in animals surviving 

30 days post inf�c t ion . The cause of the g lycosuria is not known 

but it occurred a t  the peak of leptospiraemia and was possibly due t o  

tubular dysfunction and inability of the epithelial cells t o  

resorb the glucose from the urinary f il trate . Blood glucose level s  

were not measured so i t  i s  n o t  kno�1 if the g lycosuria resulted 

from hyperglycaemia . 



In calf 1 1 ,  biochemical changes indicative of hepatic and renal 

lesion s  coincided with the peak of leptospiraemia and resolution 

occurred after the development of antibody . The development of 

ant ibody resulted , in a decrease in plasma leptospires followed by 

the gradual resolution of the hepat ic and renal les ions which produced 

the b iochemical changes . The appearance of antibody was associated 

with dec rease in plasma leptospires in other work (Hambdy & Ferguson , 

1 95 7 ; Sleight et al , 1 964) ,  MAT ' s  developed late in the in fect ion and 

the haemoglobinuric calves did not survive long enough to develop 

t itres . 

Loss of condition of surviving animals as occurred in calf 1 1  has 

been noted in other pomona infec tions of cattle ( Spradbrow & Seawri ght , 

1 9 6 3 )  and those by an unknown serovar (Reinhard ,  1 95 1 ) . The survival of 

calves 1 1  and 16 appeared to be related to the fact that 

haemoglobinaemia and RBC destruc tion did not occur . 

The reason for the diarrhoea is not known . Possib ly it may be 

due to diges t ive dis turbances in calf 1 1  where cholestasis prevented 

suff icient bile from reaching the intest ines .  As will be commented 

on in Chapter 5 ,  no histopathological lesions were present to explain 

the d iarrhoea . Intestinal dysfunc tion resulting in diarrhoea 

(Fennestad et al , 1 96 7 ;  Imbabi et al , 1 96 7 ;  Reinhard , 1 9 5 1 )  and 

c onstipation (Fennes tad et al , 1 96 7 )  have been reported in other 

bovine leptospiral inf ec tions . 

Increased a globulin levels  are non-specific for lep tospirosis 

and RBC destruc tion , and may be found in a variety of inf lammatory 

conditions and tissue destruc tion as well  as acute and chronic renal 

d isease (Benj amin , 1 9 7 9 ;  S�halm, et al , 1 97 5 ) . 
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5 . 0  CONCLUS IONS AND SUMMARY 

1 .  Haemoglobinaemia occurred in calves and hamsters about f ive 

to six days post infec t ion with pomona strain 7 9000 1 and 

ball um strain 1045 respectively . Death followed 1 2-24 hours 

after the onset of haemoglob inaemia and haemoglobinuria . 

2 .  In the present experiments ,  while the animals could b e  severely 

leptosp iraemic as was seen in calf 1 1  and to a lesser extent 

calf 16 , death was not inevitable . RBC des truc tion appeared 

to be the cause of death in the haemoglob inaemic animals . 

3 .  The mos t  severe s tages of the infection were reflected by severe 

changes in peripheral blood and bone marrmv .  The M : E  ratios 

taken in conj unc tion with the cytological examination of the 

bone marrow and peripheral blood haematological result s  showed 

increased demand for RBC ' s  and WBC ' s .  

4 .  Bilirub in increases in haemoglobinaemic anima.ls resulted
. 

from 

RBC des truc tion rather than l iver dysfunction as the increased 

total b ilirubin comprised mos tly unconj ugated bilirub in . In 

one infected , non-haemoglobinaemic calf an increased total 

b ilirub in level consisting of raised conj ugated and unconj ugated 

bilirub in indica ted liver dysfunc tion . 

5 .  Raised hepatic en zymes indicative of l iver d isease were seen 

as a terminal condition in haemoglob inaemic calves . Liver 

enzymes were also raised in one infec ted non-haemoglob inaemic 

calf at about the time of the peak of leptospiraemia . 

6 .  Renal dysfunction coincided with haemoglobinuria in the 

haemoglobiuaemic calves and the peak of leptospiraemia in 

the non-haemoglob inaemic calf . The haemoglobinuric nephrosis 

was not considered severe enough to have caused death at that 

time as the signs of renal dysfunc tion were more severe in 

the non-haemoglob inuric calf which survived . 
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7 .  The leptospiraemia in the surviving calves was terminated 

at  the same t ime at which their MAT ' s  d eveloped . These 

calves remained leptospiruric . The haemoglob inaemic calves 

died before they had time to develop an MAT . 
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CHAPTER 4 

MORPHOLOG ICAL CHANGES IN RED BLOOD CELLS IN LEPTOS P IRO S I S  

1 . 0  INTRODUCT ION 

Haemolysis is the early removal of RBC ' s  from circulation 

(Petz & Garratty , 1 980) . This may be as a result  of intravascular 

des truct ion of severely damaged RBC ' s , the al terations in which are 

detec ted by the spleen and the l iver (Jandl ,  1 96 6 ; Rifkind , 1 9 66 ; 

�eed & Reed , 1 9 66 ) . 

Preliminary morphological s tudies of RBC ' s  from leptospiral 

infected calves and hams ters (Thompson , 1 98 2 ;  Appendix Ill)  showed 

u ltrastruc tural changes which were different to those reported in 

other haemolytic anaemias such as those caused by Bartonel l a  

bacilliformis (Cuadra & Takano , 1 96 9 )  and Pl asmodi um spec ies 

(Balcerzak et al , 1 9 7 3 ;  Bodammer & Bahr , 1 97 3 )  infec tions in. man . 

In this chapter , the ultrastruc tural changes in RBC ' s  f rom 

hams ters , calves and a human infec ted with leptospirosis  are 

described . 

The infections in these experiments are divided into the two 

main categories of haemolytic and non-haemolytic on the basis of 

the presence (predicted and proven) or absence of haemoglob inaemia . 

Clinical pathological and histopathological evidence for increased 

RBC removal and destruc tion is d iscussed in Chapters 3, 5 and 6 .  

2 . 0  }�TERIALS AND METHODS 

2 . 1 SOURCE OF RBC ' s  FOR ELECTRON MICROSCOPY 

2 . 1 . 1  Haemolytic leptospiral infections 

2 . 1 . 1 . 1 .  Cattle 

Blood samples from calves infected with pomona s train 

7 9000 1 and ' toxin' inj ected calves in Experiment V were taken from 
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all living animals on days 0 ,  2 , 5 , 8 , 9  and 1 2  post infec tion for 

scanning and transmission elec tron microscopy ( SEM and TEH) . Blood 

f rom the non- infec ted calves 18 and 19 was processed at  the same 

time as that  of the infected calves . 

2 . 1 . 1 . 2  Hamsters 

Samples were obtained from hams ters inf ected with ball um 

strain 1045 in Experiment I parts  1 and 2 a s  described in 

Chapter 2 .  In part 1 of the experiment RBC ' s  were taken from 

control and infec ted hamsters as described in Table 2�2 and 

Sec tion 2 . 1 . 1 ,  Chapter 2 .  Part  2 involved processing of RBC ' s  

from two control hamsters and six hamsters infec ted with bal.l um 

•strain 1045 showing signs of varying degrees of severity of 

disease (Chapter 2 ,  Sec tion 2 . 1 . 1 ,  part 2 ) . 

2 . 1 . 2  Non-haemolytic leptospiral infec tions 

2 . 1 . 2 . 1 Cattle 

Blood was taken on days 0 ,  5 and 7 pos t-infec tion from 

catt le infec ted with balcanica as described in Experiment VI , 

Chap ter 2 .  Further samples were not taken a s  the animals showed 

no c l inical signs of infect ion . 

2 . 1 . 2 . 2  Hamsters 

Blood was taken from three mor ibund hamsters inf ected with 

pomona s train ' Scamp ' as described in Experiment I I I ,  Chap ter 2 ,  

Sec tion 2 . 1 .  3 and three moribund hamsters infected with bal l um 

strain 1 045  as described in Experiment II , Chapter 2 ,  Section 

2 . 1 . 2 .  None of these animals were showing signs o f  haemoglobinaemia . 

2 . 1 . 3  Reticulocyte produc tion 

Hamster reticulocyte production was stimulated by bleeding 

(Experiment IV , Chapter 2 ,  Sec t ion 2 . 1 . 4 ) . Reticulocyte produc tion 

by bleeding of calf 20 was unsuccessful (Experiment V ,  Chapter 2 ,  

Sec tion 2 . 2 . 1 ) . 

2 . 1 . 4 Human ballum infec t ion 

Blood was taken from a human female patien t  14  days af ter 

an accidental ballum strain M4 /9 infection and seven days after 
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the onset of clinical signs of leptospirosis . RBC ' s  were prepared 

for SEM and TEM examination . Clinical sign s  consisted of E�f).���i· 
headaches , nausea , muscle pains and inappetance .  ·At seven days 

the blood was leptospiraemic by dfm. Blood was taken for SEM 

and TEM preparations of RBC ' s f ive months after recovery , 

seven months after the initial infec t ion . RBC ' s  from a normal 

woman were also processed as controls . 

2 . 2  FIXATION OF RBC ' s  

RBC ' s were f ixed within 30 minutes of collec tion by 

suspension of two to three drops of blood in 10 mls of 0 . 1M  

·phosphate buf fered g lutaraldehyde at  pH 7 . 4  (Appendix V)  for one 

to two hours at 4 ° C .  

2 . 3  PREPARATION FOR SCANNING ELECTRON HICROSCOPY 

The SEM preparation method is that of Jain & Kono ( 1 97 2 ) . 

Following f ixation , the RBC ' s  were washed three times in 0 . 1 M 

phosphate buffer (Appendix V )  a t  pH 7 . 4  and a temperature of 4 ° C .  

The supernatant v.ras removed between washi.ngs following 

centrifugation at 4 356 g for f ive minute s .  The RBC :' s  were then 

dehydra ted by serial passage through an ascending series of 25% 

50% and 75%  acetone and water with two f inal passages through 

100% acetone.  The RBC ' s  remained in each concentration of acetone 

for 30-45 minutes at room temperature . Following each dehydra tion 

step , the solution containing the RBC ' s  was centrifuged at 4355  g 

for f ive minutes , the supernatant removed and the cells 

resuspended in acetone at a higher concentration . Following the 

2nd passage through 1 00% acetone , the F�C ' s  were centrifuged , 

the supernatant removed and the cells resuspended in 1 - 2  mls of 

fresh 1 00%  acetone . Two to three drops of this suspension were 

run from a Pasteur pipette down a cover · slip held at  an angle of 

4 5 °  from vertical . After evaporation of the acetone , the coverslips  

were stored in a bell  jar contain ing silica- gel 1 a s  a moisture 

absorbent until f inal preparation for the SEM. 

1 .  BDH , Parkstone Poole , England 
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Following fracturing,  1-2 mm p ieces of coverslip containing 

RBC ' s  in a range of thicknesses were a t tached to an aluminium 

stub with silver conduc tive glue 2 , coa ted with elemental gold 

from a sput ter c oater 3 and examined under a Cwickscan 

microscope . '+ 

2 . 4  PREPARATION FOR TRM�SMISSION ELECTRON MICROSCOPY 

Fixed and sedimented RBC ' s  were c ollec ted by decan t ing the 

excess f ixa tive leaving 1-2 mls of f ixative . The RBC ' s  were then 

drawn into a microhaematocrit tub e ,  one end plugged , and the cells 

pelleted by centrifugat ion at 1 3 , 000g for f our to f ive minutes in 

a microhaematocrit . The end of the tube containing the pelleted 

cells was snapped off as close to the cell / f luid interface as 

possible and the plugged end also removed . While hams ter and 

human RBC ' s  remained pelleted f ollowing gentle extrusion from the 

capillary tub e  with a b lunt prob e ,  the ca t tle RBC ' s  tended to 

disperse .  For this r eason , pos t f ixation and dehydra tion o f  cattle 

b lood to 1 00%  a lcohol was carried out in the cap illary tube , 

while the same process on hams ter and human blood was carr·ied out 

on extruded cells as detailed in Appendix V .  

Follo�ing extrusion from the cap illary tube the pelleted 

cells were cut into 1 mm cubes , with one b lock only being taken 

from either end of the pellet of ca t tle RBC ' s .  

Infiltra tion and embedding of RBC ' s  in resin 5 was routine 

(Appendix V) . Sections of silver-gold thickne ss  were cut by a 

diamond knife onto dis tilled water using a ultramicrotome 6 ,  

2 .  G . C .  Elec tronics ,  Rockford , I l l inois , USA ,  6 1 10 1  

3 �  Polaron E5 1 00 , Selby Wil tons 

4 .  Cwickscan 100 F ield Emission S��. Coates Wel ter Ins trument 
Company , U S A 

5 .  Durcupan ACM Fluka , Switzerland 

6 .  LKB 8800A Ultrotome Ill , LKB Produkter AB , S- 1 6 1  2 5  Bromma 1 ,  
Sweden 
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collected onto unsupported grids 7 , s tained using lead citra te 

and uranyl acetate (Appendix V) and examined in a Philip s  EM 200 

elec tron microscope6 • 

3 . 0 RE SULTS 

The clinical parameters such as the presence or absence of 

haemoglobinaemia and j aundice which have been used to estimate the 

degree of severi ty of the infection have been obtained from 

Chapter 3 • 

• 3 .  1 SEM OF RBC ' S 

3 . 1 . 1  Controls 

Control calf and hamster RBC ' s  are of a uniform shape and 

size with occasional pits , protruberances and surface irregularities 

(Figs . 4- 1 ,  4-6 ) . Morphology of RBC ' s  f rom the control calves 

remained normal throughout the experiment .  

3 . 1 . 2  Haemolytic infections of calves and hamsters 

3 . 1 . 2 . 1 ' Toxin ' inj ected calves 

Increased numbers of RBC ' s  showed crenation and surface 

irregularities on day two (Fig . 4-8) . The abnormal RBC ' s  were 

s imilar in morphology to echinocytes a s  described by Bessis ( 1 9 7 3 )  

and Brecher & Bessis ( 1 9 7 2 ) . 

3 . 1 . 2 . 2  Animal s  inoculated with live leptospires 

The RBG ' s from the infected calves 1 1 ,  1 4 ,  1 5 ,  16 and 1 7  

were normal in appearance on day two . On day f ive , when calves 

1 4 , 15  and 1 7  were haemoglobinaemic the RBC ' s  f rom these calves 

were spherical with many surface irregularities (Fig . 4-7) . 

The RBC ' s  f rom calf 1 6  showed no alterations throughout the 

duration of the experiment .  RBC ' s  from calf 1 1  remained normal 

until day n ine , when there was a small increas-e in the number o f  

7 .  Type G400 ( 3 . 05 mm) ,  Polaron Equipment Ltd . Wa tford , England 

8 .  Philips Electrical Industries of NZ Ltd , Wellington , N Z 
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irregularly shaped cells , some of which contained the occasional 

pit (Fig . 4-9) . 

RBC ' s  from inf ected hamsters in which the plasma was showing 

a normal or slightly increased icterus index and was not yet 

severely haemoglobinaemic were in the f orm of echinocytes 

(Fi g . 4-2) . Af ter the development of haemoglobinaemia the 

echinocytes became less obvious as spheric3l transformation occurred 

(Fig . 4-3) . As the animals became increasingly haemoglobinaemic , 

the degree of spherocytosis increased and deep pits and surface 

• irregularities  became increasingly obvious (Figs . 4-4 , 4-5) . 

Leptosp ires Here not seen in SEM preparations from either 

calves or hams ters . 

3 . 2 TEM OF RBC ' s  

3 . 2 . 1 Control s  

The RBC ' s  from control calves and hamst ers are of a ·relatively 

uniform shape and s ize with occasional vacuoles and protruberances  

(Fig . 4- 14) . 

3 . 2 . 2  Haemolytic infections of calves and hamsters 

3 . 2 . 2 . 1 ' Toxin ' inj ected calves 

The ' toxin ' inj ec ted calves 1 2  and 1 3  showed an increased 

irregularity in cell shape with an increased number of  cells 

containing vacuoles ,  some of which contained a small quantity of  

a f ine granular material (Fig . 4- 1 6 ) . In some RBC ' s ,  small 

portions of cytoplasm of normal or slightly reduced electron 

density appeared to have become separated from the remainder o f  

the cytoplasm (Fig . 4- 1 5 ) . 

3 . 2 . 2 . 2  Animals inoculateo with l ive l ep tosp ires 

The RBC ' s  from calves 1 4 , 1 5  and 17 contained many vacuoles 

of irregular shape , size and number on day f ive (Fig . 4- 1 9 ) . Some 

of these vacuoles appeared to have trac t s  communicating with the 
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cell exterior and some vacuoles and trac ts appeared to contain a 

small amount of a f ine granular material . In some RBC ' s  the 

trac t s  appeared relatively long and to run under and parallel to 

the RBC membrane a s  seen in hamster 2 (Fig . 4- 1 7 ) . Some RBC ' s  

also appeared to have segments of the cytoplasm separated from 

the remainder of the cytoplasm by either a dark membrane or a 

clear region of cytoplasm similar to that noted in the ' toxin ' 

inj ected calve s .  

Haemoglobin los s was recognised b y  the decrease in staining 

density of the cells when compared to their neighbours (Figs . 

· 4� 1 9 ,  4� 20 ) . While the maj ority of RBC ' s  from calves 1 4  and 1 5  

appeared fully haemoglobinated , many o f  the RBC ' s  from calf 1 7  

appeared to be only partially haemoglob inated and non-haemogl obinated 

(Fig� 4- 1 9 , 4-20) . These partially haemoglobinated RBC ' s  

contained f ewer empty vacuoles and many vacuoles were seen to 

c ontain dark inclusions . The vacuoles in the partially 

haemoglobinated cells were membrane bound (Figs . 4- 1 9 ,  4-2 0 ,  4-2 1 ) , 

but vacuolar membranes would not be distinguished in fully . 

haemoglobinated c ells . Many of the part ially haemoglobinated 

RBC ' s  and RBC ghosts had large protruberances ( Fig. 4-20) . 

Occasional discontinuities in the cell membrane and the escape of 

haemoglob in were seen in RBC ' s from calf 1 7  (Fig . 4-22)_ . However 

in most cells which appeared to have lost the maj ority of their 

haemoglobin the c ell membrane appeared normal (Figs . 4- 1 9 ,  4-20) . 

The RBC ' s  f rom calf 16  remained normal throughout the 

experiment while those from calf 1 1  contained a small increase in 

the number of abnormal RBC ' s  on day nine . The abnormal cells had 

irregular outlines and increased numbers of vacuoles . 
r 

In hamsters before haemoglobinaemia occurred , the RBC ' s  

were of an irregular shape and size with the occasional vacuole . 

The RBC ' s  from haemoglobinaemic hamsters showed features similar 

to those of the haemoglob inaemic calves 14 and 1.5 with · 

fewer partially . haemoglobinated RBC ' s  present  (Figs 4-1 7 ,  
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4- 1 8 ) . The presence of lines forming straight l ines and ovoid 

or c ircular shapes in the cytoplasm of the fully haemoglobinated 

vacuolated c ells from haemoglobinaemic animals was interpreted 

as an artefac t (Fig . 4-23) . 

Leptospires were seen c lose to but not in contac t with the 

RBC ' s  in two infec ted haemoglobinaemic hamsters (Fig . 4-1 8 ) . No 

intracellular leptospires were seen in RBC ' s  from either specie s .  

3 . 3 NON-HAEMOLYTIC INFECTIONS O F  CATTLE AND HAMSTERS 

No significant alterations in RBC morphology were noted . 

3 . 4 RETICULOCYTE MORPHOLOGY 

SEM examination showed reticulocytes to be larger than normal 

mature RBC ' s ,  rounded with large proj ec ting folds (Fig . 4 - 1 0 ) . 

Pit s ,  smaller than those seen in the RBC ' s  from infected animals 

were seen on the surface of the cells (Fig . 4- 1 0 ,  4- 1 1 ) . In 

addition , b iconcave cells of normal size and large f lat  cells with 

small shallow pits were also seen (Fig . 4- 1 1 ) . 

On TID1 examination the reticulocytes were variably shaped 

cells with the remains of mitochondria , ferritin accumulations , 

small pinocyti.c ves icles and larger vacuoles of ten containing 

c ellular organelles which appeared to be undergoing autophagocytosis 

(Fig . 4-24 ) . The cytoplasm was less densely s taining when compared 

to that of the mature normal RBC ' s  (Fig . 4- 1 4 ) . 

3 . 5  HUMAN BALLUM INFECTION 

Increased numbers of knizocytes with no signs of p itting or 

spherocytosis were seen seven days af ter_ the onset of clinical 

signs (Fig . 4- 13) . TEM examination showed an increase in cellular 

irregularity and occasional vacuoles . There was no evidence of 

haemoglob in loss . 

The RBC ' s  processed af ter recovery from the disease and 

those from the control donor were normal (Fig . 4- 1 2 ) . 
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Fig 4 - 1  

RBC ' s  from a c ontrol hamster showing the normal b iconcave 

discoid appearance and minor surface irregularities . 

Hamster ( 8- 1 )  PCV : 0 . 50 SEM 4 , 800x 

Fig 4-2 

RBC ' s  f rom a non-j aundiced , non haemoglobinaemic hamster 

three days a f t er infec tion wtth ball um · Echinocytes  (E) 

are present . 

Hamster ( 3- 1 )  PCV : 0 . 49 SEM 4 , 800x 

Fig 4-3 

RBC ' s  from a j aundiced and haemoglob inaemic hamster three days 

a f ter infection with ba_Z l um. Spherocytes (S)  with surface pitting 

(arrows) are presen t  at  an earlier s tage of development than 

those in Fig 4-4 . 

Hamst er ( 3- 5 )  PCV : 0 . 42 S�1 4 , 800 x 





Fig 4-4 

RBC ' s  from a j aundiced and haemoglobinaemic hams ter f ive days 

af ter infection with ball um.  Spherocytes ( S )  with surface pitting 

(arrows ) are present  at a more advanced stage of devel opment 

than in Fig 4-3 .  Larger nuniliers of spherocytes are presen t ,  

the spherical tran sformation i s  more severe, and there are 

greater numbers of surface pits . A lymphocyte (L) is present . 

• Hams ter 2 (Table 5- 1 )  PCV : 0 . 10 SEM 4 , 800x 

Fig 4-5 

RBC ' s  from a j &undiced and haemoglobinaemic hams ter f our days 

after infection with ball um .  Spherocytosis and pitting are 

obvious . 

Hamster (5-2)  PCV : 0 . 1 3  SEM 9 , 6 00x 





Fig 4-6 

RBC ' s  from a c ontrol calf showing the normal b iconcave 

discoid shape with the occasional pit and surface 

irregularity . 

Calf 20 PCV : 0 . 32 SEM 4 , 800x 

Fig 4-7  

RBC ' s  from a j aundiced and haemoglobinaemic calf  f ive days 

af ter infection with pomona . Spherocytes ( S )  and other 

abnormally shaped RBC ' s  (R ' ) showing surface pitt ing are 

present . 

Calf 1 7  PCV: 0 . 2 3 SEM 7 , 200x 





Fig 4-8 

RBC 1 s from a calf two days follow·ing ·injection with a pomona 

1 toxin 1 • Echinocy tes (E) are presen t .  

Calf 1 3  PCV : 0 . 27 SEH 4 , 800x 

Fig 4-9 

RBC 1 s  from a j aundiced and non-haemoglobinaemic calf nine days  

following infec tion with pomona . The occasional RBC (R) with 

small surface pits and abnormally shaped RBC (R1 ) are presen t .  

Calf 1 1  PCV : 0 . 2 7 SEM 9 , 6 00x 





Fig 4- 1 0  

RBC ' s  f rom a bled hamster . Two cells (Rl and R 2 )  show the 

typical  reticulocyte  morphology of small surface pits , 

membrane fold s ,  round shape and a larger s i �e than is seen 

in discocytes . 

SEM 9 , 600x 

Fig 4- 1 1  

RBC ' s  from a bled hamster . The large f lat cells (Rl ) 

and b iconcave discoid cells (R2) which c ontain small 

surface p its are c onsidered to  be maturing RBC ' s . 

SEM 7 , 200x 





Fig 4- 1 2  

Human RBC ' s  demonstrating . the normal biconcave discoid shape . 

SEM _4 , 800x 

Fig 4- 1 3  

RBC ' s  from a leptosp iraemic human patient . 

Knizocytes (K) are present . 
SEM 4 , 800x 





Fig 4- 1 4  

RBC ' s  in cross-sec tion demonstrating the normal b iconcave shape .  

Calf  18  TEM 7 , 700x 

Fig 4- 1 5  

RBC demonstrating lesions typical of calves inj ected with a 

pomona ' toxin ' and noa-haemoglob inaemic hamsters infec ted with 

bal l um.  Portions of cytoplasm of the same density (arrow) 

and lesser density (C)  se�arated f rom the cytoplasm are present . 

A vacuole (V) i s  also presen t .  

Calf 1 2  TEM 2 7 , 500x 





Fig 4 - 1 6  

RBC ' s  demonstrating changes  typical o f  calves inj ec ted with a pomona 

' toxin ' and non-haemoglobinaemic hamsters inf ec ted with ball um,  

There is  increa sed irregularity in shape and the presence of 

cytoplasmic vacuoles (arrows ) of ten containing a small amount 

of a granular material . 

Calf 1 2  TEM 1 2 , 000x 

Fig 4- 1 7  

Fully haemoglobinated RBC fr.om a haemoglobinaemic hams ter 

infec ted with bal l um. Vacuoles (V) and trac ts (T) , one of 

which opens to the cell exterior (arrow) , are seen below 

the cell surfac e .  

Hamster 2 TEM 2 0 , 300x 





Fig 4- 1 8  

Ful ly haemoglob inated vacuolated RBC ' s  from a ���!£�i!��� 
hamster infec ted wi th ball um . Leptospires (arrows) are 

seen close to but not in contact with the RBC ' s . 

Hams ter 4 TEM 1 .4 , 600x 

Fig 4- 1 9  

RBC ' s  from a haemoglob inaemic calf infected with pomona . 

Diff erences  in the degree of haemoglobination are obvious . 

Fully haemoglob inated RBC ' s  have vacuoles which often 

contain a granular material (arrows ) .  Partial ly 

haemoglob inated RBC ' s  have dark inc lusions (I) , 

often surrounded by a di stinct membrane . 

Calf 1 7  TEM 20 , 300x 





Fig 4-20 

RBC ' s  from a haemoglob inaemic calf infected with pomona .  

Large numbers o f  partially haemoglobinated RBC ' s  

(R ' ) ,  fewer numbers of fully haemoglobinated RBC ' s  

(R) and platelets (P) are presen t .  Partially haemoglob inated 

RBC ' s  are variably shaped with protruberances (arrows) . 

A gr�nular material (G) considered to be. haemoglobin because 

of an appearance similar to that of the material in 

part ially haemoglob inated RBC ' s  is seen in the background . 

Calf 1 7  TEM 9 , 000x 





Fig 4-2 1  

High power electron micrographs of RBC ' s  from Calf 1 7  

showing the membrane bound vacuoles (V) and dark granular 

cytopla8mic inclusions (I) . 
TEM 4 1 , 000x 





Fig 4-22  

RBC f rom calf  17  showing a gap in the membrane (arrow) and 

the apparent escape of haemoglobin . 

TEM 4 1 , 000x 

Fig 4-2 3  

Fully haemoglob inated RB C  f rom a hams ter infected with bal l um .  

Artefactual dark lines , circles and ovoids are seen arising 

and terminat ing at  random, within the cytoplasm,  at  vacuole s ,  

or a t  the cell membrane . 

TEM 24 , 000x 





Fig 4-24 

Reticulocyte from a bled hams ter . Vacuol es (Va ) , small 

pinocytic vesicles (V) mitochrondria (M) and a degenerating 

mitochondrion (DM) within an autophagocytic vacuole are 

seen . 

accumulations (FA) are also present . 

TEM 25 , 000x 





4 . 0  DI SCUSS ION 

Sequential morphological changes of increasing severity 

were seen in hams ters infec ted with bal l um. The discocyte­

echinocyte transformation noted in the ' toxin ' inj ec ted calves 

is probably due to the same factor produc ing the discocyte­

echinocyte transformation in the prehaemoglobinaemic hamsters . 

Progressive swelling of the echinocytes resul ted in the formation 

of spherocyte s and the presence of pits  and vacuoles were no ted . 

The severity of the haemoglobinaemia was directly proportional 

to the degree of swelling and pitting of the RBC ' s .  

It is probable that the pits seen by SEM represent vesic les 

or vacuoles below the surface of the RBC membrane which have 

collapsed during preparat ion . These correspond to struc tures 

noted by TEM examination and are in accord with the findings o£ 

other workers ( Bessis , 1 9 7 3) . 

The prel iminary change in the f ormation of vacuoles appears 

to be segrega t ion of a portion of the cellular cytoplasm and has 

been described in RBC ' s  from healthy ·splenectomized humans 

(H�lroyde & Gardner , 1 970 ; Kent et al , 1 96 6 ;  Schaeffer et al , 1 9 7 0 ) . 

The seques tered por tion of cytoplasm then undergoes progressive 

degradation resulting in vacuoles containing dark granular 

inclusions or a small amount of granular material .  

The presence of vacuoles was mos t  obvious in the fully 

haemoglobinated RBC ' s while partially haemoglob inated RBC ' s  

contained larger numbers o f  dark granular bodies .  The larger 

numbers of dense inc lusion s  in more severely affected RBC ' s  may 

be a sign of ' exhaustion ' of the RBC ' s  capabili ty to digest 

and expel defec t ive portions of  the cytoplasm. This may indicate 

that ma�erial has been accumulated in a f orm in which it can not 

be expelled , or the spleen is unable to carry out its normal 

function of removal of intracellular debris (Nathan , 1 96 9 ) . 
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His tochemical evidence for the presence of autophagocytic 

vacuoles in mature RBC ' s  and reticulocytes has shown that acid 

phosphatase ac tivity appears to be localized around the regions 

of the vacuoles or inc lusions (Kent et al , 1 96 6 ; Schaeffer et al , 

1 970 ; Tooze & Davies , 1 9 65 ) . Other workers have shown RBC ' s  

appearing to discharge material to the out side of the cell 

(Kent et al , 1 966)  or from one vacuole into another (Holroyde 

& Gardner , 1970) and this combined with the actions of the spleen 

(Holroyde & Gardner , 1 9 7 0 ;  Kent et al , 1 966 ; Nathan , 1 96 9 )  is 

probably the method of disposing of unwanted cellular material . 

It would appear likely that the vacuoles ob served in the present 

experiments are autophagocytic . 

The straight l ines , ovoid or circular shapes  are considered 

artefac tual and a possible result from stress during sec tioning 

as they arise from or terminate in vacuoles ,  the cell membrane 

or occur randomly in the cytoplasm. 

While the passage of haemoglobin through discontinuous RBC 

membranes ,.,as occas ionally seen , very few of the partially 

haemoglobinated RBC ' s  had membrane discontinuities in the 

p lane of sec tioning and membrane damage did not appear to be 

the maj or reason for haemoglobin escape . Seeman ( 1 9 6 7 )  described 

transient ' holes ' caused by hypotonic haemolysis and s table ' holes ' 

caused by saponin and lysolecithin in experimentally induced 

haemolysis which indicated membrane damage was a maj or ca•.1se 

f or haemoglobin loss . However in these present experiments 

al teration . of the cell cytoplasm appears to be the preliminary 

change .  Other workers have compared lep tosp iral ' toxins ' to 

phospholipases (Chorvath , 1974 ; Kasarov, 1 9 7 0 ;  Kemenes ,  1 974 ; 

S talheim ,  1 9 7 L  However while there seems t o  be  some similarities 

in act ion between the 1 toxins' of leptospires and phosphol ipases it 

is not kno�m exactly how an ' enzyme ' or ' toxin ' ac ting upon the 

membrane cart cause cytoplasmic damage resul t ing in autophagocytosis 

a s  described in the present work except perhaps by the alteration 

of the c ellular metabolism and the ability of the RBC to maintain 

its cytoplasmic constituents of haemoglobin and enzymes in a 

func t ional state . 
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The vacuoles do not appear to be directly associated with 

lep tospiral organisms but unless the organisms were f irmly 

attached to the RBC i t  is to be expected tha t  with the large 

number of preparatory washes involved in EH preparat ion that the 

organisms would be removed .  Leptospires (Hiller & Wilson , 1 9 6 2 ; 

1 9 6 7 )  and other microorganisms (Balcerzak e t  al , 1 972 , Bodammer & 

Bahr , 1 9 7 3 ;  Cuadra & Takano ,  1 96 9 )  are readily identif iable 

from intracellular debris and are unlikely to have been overlooked 

in the present s tudie s .  

Because o f  the lack o f  close a ssociation between RBC and 

leptospire and echinocyte formation in ' toxin ' inj ected calves it 

is most likely that the damage is induced by a toxin . That the 

· RBC damage induced by ' toxin ' inj ection did not progress beyond 

the echinocytic s tage is not surprising because in order to 

truly mimic the natural disease where there are extremely large 

numbers of organisms present , large amount s  of ' toxin ' would have 

to be continually infused for several days . 

A b iochemical  ' lesion ' , if present  in the RBC ' s  could not be 

detected by the morphological studies described above . However , a 

b iochemical abnormality may exist because discocyte-echinocy te 

transformations have been reported as a result of ATP or glucose 

deficiency in which the RBC can not maintain its shape or enzymes 
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in a functional state (Bessis , 1 9 7 3 ; Brecher & Bessis , 1 9 7 2 )  and 

following incubation of the RBC with oleic acid and lysolecithin - durin g  

which the structure of the membrane is altered (Brecher & Bess is , 

1 9 72 ) . 

It  is considered unlikely that haemoglobin los s was induced 

by complement and antibody damage to the RBC membrane as described 

by Borsos et al ( 1 96 4 )  and Dourmashkin & Rosse ( 1 966) because those 

calves which died following haemoglobinaemia did so before 

antibody levels were detec ted and the two calves which developed 

HAT ' s  did not become haemoglobinaemic .  



While the spherical cells containing vacuoles may have a 

superficial resemblance to reticulocytes , close examinat ion of 

SEM micrographs of both types of cell showed large differences 

in the type of pits;  those f rom the reticulocytes being much 

smaller and more shallow .  In addition the reticulocytes had 

large folds and projections . 

The reason for the non-susceptibility to lysis  of the RBC ' s  

by pomona in the two non-haemoglobinaemic calves c an not be  

deduced from the present studies but  the lesions described in the 

RBC ' s  from calf 1 1  may be explained on the basis of liver disease 

a� discussed in Chapter 3 .  

The cause of the knizocyte formation in the human infection 

is unknown as such cells are rare but may be seen in certain 

haemolytic conditions such as hereditary spherocytosis (Bes sis , 

1 9 73 ) . However , the presence of knizocytes despite the lack o f  

pits  and vacuoles i s  an in teresting observation because human 

infect ions with ball um are not characterized by haemoglobinaemia 

(Marshall , per s .  cornm. ) and this patient did not show evidence 

of j aundice at any stage . 

\ 
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5 . 0  CONCLUS ION S  AND SUMMARY 

1 .  RBC ' s  from leptospiraemic and haemoglob inaemic calves and· 

hams ters were spherical with cytoplasmic inclusions, and 

vacuoles which by SEM appeared as surface p it s .  

2 .  Although one calf had large numbers o f  partly haemogl ob inated 

cell s ,  the maj ority of RBC ' s  within circulation of 

leptospiraem1c calves were fully haemoglobinated � Those 

showing haemoglobin loss c ontained fewer empty vacuoles and 

larger numbers of granular inclusions . 

3 .  The earliest change recognised was discocyte�echinocyte 

transformation . This occurred in hams ters before 

haemoglobinaemia developed and in those calves given 

intravenous ' toxin ' inj ec t ions . Echinocytic cells shoved 

spherical transformat ion a s  haemoglobinaemia developed . 

4 .  The morphological changes do not result from direct 

parasitism of the cell by l eptospiral organisms and are 

most likely to be caused by lep tospiral toxins . 

5 .  Immune haemolysis was not though t to occur b ecause those 

calves which became haemoglobinaemic did not concurrently 

develop MAT ' s .  Those which did not become haemoglob inaemic 

survived to develop MAT ' s .  

6 .  The resemblance of the spherical cells to reticulocytes was 

superf icial only . 

7 .  The signif icance of the knizocytes in the human ball um 

infection is-not known as they were not seen in calves and hams ters . 

94 



CHAP TER 5 

PATHOLOGY OF HAEMOLYT IC LEP TO SPIRAL INFECTION S 

OF CALVE S AND HAMSTERS 

1 .  0 INTRODUC T ION 

2 . 0  MATERIALS AND METHODS 

2 .  1 LEPTOSPIRES 

• 2. 2 ANIMALS 

2 . 3  LABORATORY PROCEDURES 

2 . 3 . 1 Tissue weight measurement s  
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2 . 3 . 3 Elec tron microsc opy 

3 . 0 RE SULTS 

3 . 1 GROSS PATHOLOGY 
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3 . 1 . 2  Infections ·associated v;ith haemoglobinaemia 

3 . 1 .  2 . 1 Calves 

3 . 1 . 2 . 2  Hamsters 

3 . 1 . 3  Infections not associated with haemoglob inaemia 

3 . 1 . 4  ' Toxin ' injec ted calves 

3 . 1 . 5  Bled animal s  
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CHAPTER 5 

PATHOLOGY OF HAEMOLYTIC LEPTOSPIRAL INFEC TION S 

OF CALVE S AND HAMSTERS 

1 .  0 INTRODUC TION 

While the presence of haemoglobi.naemia and descript ion of 

other pathological changes have been reported in cattle (Reinhard 

& Hadlow, 1954 ; Spradbrow & Seawrigh t ,  1 96 3 )  and sheep (Hodges , 

1 9 7 4 )  infected with pomona and hamsters infected with ball um 

(Frenkel , 1 972) , the maj or detailed studies of the pathogenesis 

of leptospiral infec tions have been confined to icterohaemorrhagiae 

infected guinea pigs (Arean et al , 1 964 ; De Brito et al , 197 9 ;  

De Brito e t  al , 1966 ) and hamsters (Miller e t  al , 1 9 74)  in which 

haemoglobinaemia is not a featur e .  The published reports on 

pomona in cattle (Reinhard & Hadlow,  1 954 ; Spradbrow & Seawright ,  
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1963)  and sheep (Hodges , 1 974)  and ball um :Ln hams ters (Frenkel , 1 97 2 )  have 

not attemp ted to examine or discuss the changes in the various 

organs prior to the onset and during the early s tages of 

haemoglobinaemia . 

In this chapter the gros s ,  histological and ultras tructural 

lesions of the spleen , liver and kidney and histological lesions 

of the bone marrow are described and correlated with the changes 

of the RBC ' s  described in Chapters 3 and 4 as haemoglobinaemia 

develops .  Hamsters were used to show the sequen t ial tissue changes . 

Because tissue hypoxia also produces histological  changes 

of the l iver (Jubb & Kennedy , 1 963) , the organ s  f rom bled 

hamsters and a bled calf were examined . They were bled to mimic 

the loss of RBC ' s  without the complicating presence of 

leptospires and their ' toxins ' to ascertain , if possible , what 

lesions were due to leptospires and what  lesions were due to 

hypoxia . 



2 . 0  MATERIALS AND METHODS 

2 . 1 LEPTOSPIRES 

The methods of culture and maintenance of pomona strain 

79000 1 used to infect the calves  and ball um strain 1045 used to 

infec t the hams ters are described in Chapter 2 ,  Section 1 . 0 .  

2 . 2  ANIMALS 

The calves and hamsters used in this chap ter are those f rom 

• 
Experiments V and I (parts 1 & 2 )  respectively as described in 

Chap ter 2 ,  Sec tions 2 . 2 . 1 and 2 . 1 . 1 . 

The treatment groups f or the calves  and hamsters of 

Experiment V and Experiment I part 1 are detailed in Chap ter 2 ,  
Tables 273 and 2-2 respect ively . 

2 . 3  LABORATORY PROCEDURES 

2 . 3 . 1 Tissue weight measurements 

The hamsters from Experiment I part 1 were weighed following 

euthanas ia and collection of blood as described in Chapter 2 ,  

Section 3 . 1 .  Bone marrow smears were made (Chapter 3 ,  Sec tion 

2 . 3 . 1 . 8 )  then the liver , spleen and kidneys were removed , stripped 

of all fat and weighed . The weight of each of the organ s was 

expressed as a proportion of total body weigh t .  

2 . 3 . 2  Histopathology 

Tissues were collec ted from all calves in Experiment V and 

hamsters from Experiment ! (parts f & 2 )  as summarized in Chapter 2 .  

Liver , spleen , kidney , lung , cardiac muscle and one entire f emur 

were taken from hamsters . In part I of the experiment these 

were f ixed immed iately following weighing of the organs and 

in Part 2 immediately following the removal of t issue for 

ultrastructural examinat ion . 

MASSEY UNIVERSITY 
LIBRARY 

99 



Fixa t ion of the calf tissues for histopathology was completed 

after tissue was f irst  removed for ultrastruc tural examina tion , 

bone marrow smear preparation and photography of relevant gross 

lesions . Blocks of tissue selec ted for histological examination 

included the followin g :  liver , spleen ,  kidney , red marrow from 

the head of the femur , lung , bra in ( cerebral cortex , cerebellum , 

thalamus , medulla oblongata) , prescapular lymph node , thymus , 

cardiac muscle , adrenal gland , thyroid gland , pancreas ,  eyes , 

j ej unum, ileum and colon . All t issues except for the eyes were 

f ixed in phosphate buf fered 1 0% formalin (Culling , 1 974 ; p45) . 

• The tissues were then processed by routine methods and embedded in 

paraff in wax (Culling , 1 974 ; p 7 3 ) . 

Sections approximately five microns thick were cut on a 

Leitz microtome 1 and mounted and stained on glass slides . 

All sections were stained with haematoxylin and eosin (H & E) 

(Cullin g ,  1 974 ; p 2 1 1 )  and using Perl ' s  prussian blue reaction for 

iron (Cull ing , 1 9 74 ; p378)  and Warthin-Starry s ilver stain (W/ S )  

for leptospires (Youn g ,  1 969) . In addition , l iver and bone 

marrow sec tions were stained by the Periodic Acid Schiff (PAS) 

technique (Culling , 1 974 ; p26 7 )  and a liver sec tion was treated 

with diastase then stained by the PAS method to demons trate 

glycogen (Culling , 1 974 ; p299 ) . 

The eyes from the calves were s tripped of adherent fat , muscle 

and connecU.ve tissue , f ixed for 4 8  hours in Bouin ' s  f luid 

(Culling , 1 9 7 4 ;  p49 ) then stored in 70% alcohol until further 

processing . The eye was bisected in the p lane of the optic nerve 

and the lens was removed . Care was taken to minimise retinal 

detachment and distortion of the ciliary appara tus . The orb and 

a longitudinal section of the lens were then processed and stained . 

2 . 3 . 3  Electron microscopy 

One mm cubed p ieces of l iver ,. spleen and kidney from calves 

and hamsters and bone marrow from calves were removed and f ixed 

at 4 ° C  in Karnovsky ' s  solution (Appendix V)  within f ive minutes 

of dea th .  Tissues were post f ixed in osmium tetroxide solution , 

1 .  Erns t  Leitz , GMBH , Wetzlar , Germany 
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dehydrated and infiltrated with resin
2 

a s  detailed in Appendix V .  

One micron thick sec tions were cut on an LKB Ill ul tramic ro­

tome3 and stained with toluidine blue (Appendix V) . The sec tions 

were examined by a l ight microscope and selec ted areas of the blocks 

trimmed for EM .  Silver-gold coloured sec tions were cut onto 

distilled water using a glass knife and collec ted onto grids
4 

previously coated with cellotape cement (Appendix V) . They were 

stained with uranyl acetate and lead c itra te (Appendix V) 

immediately before examination in a Philips EM 200 electron 

microscope 5 • 

Tissues f rom calves 14 and 1 7  were cons idered unsuitab le f or 

ultrastructural examination as an unknown length of time had 

elapsed between the time of dea th and post  mortem examination . 

The infec ted animals were divided into two categories depending 

on the presence or absence of haemoglob inaemia or evidence tha t  

haemoglobinaemia would have developed had the animal not been 

euthanased . Evidence for the eventual development of 

haemoglob inaemia as described in Chapters 3 and 4 was seen in 

all hamsters and , as such , all hamsters were c onsidered to be 

haemoglobinaemic along with calves 1 4 ,  15 and 1 7 .  Calves 1 1  

and 1 6  were non-haemoglobinaemic .  

2 .  Durcupan ACM Fluka , Switzer land 

1 0 1  

3 • . LKB 8800A Ultrotome Ill : LKB Produkter AB , S- 1 6 1  2 5  Bromma 1 ,  Sweden 

4 .  Type G400 ( 3 . 05 mm) , Polaron Equipment Ltd , Watford , England 

5 .  Philips Electrical Industries o f  NZ Ltd_. , Wellington , N Z  



3 . 0  RE SULT S 

3 . 1 GROSS PATHOLOGY 

3 . 1 . 1  Control animals 

The only gross lesion in the control calves was a small 

patch of dull red hepatization in the ventral portion of the 

right cardiac lobe of calf 1 9 .  

Control hamst ers  had occasional small  randomly distributed 

red patches in the lungs .  

3 . 1 . 2  Infections associated with haemoglob inaemia 

3 . 1 .  2 . 1 Calves 

All mucous membranes and body fat  deposits of calves 1 4 , 

1 5  and 1 7  were j aundiced and the bladder c on tained dark reel 

urine (Fig . 5- l ) . 

The liver , spleen and kidneys were enlarged , reddened and 

friable . Small dark red foci of about 1 mm in diameter were seen. 

on the capsular surface of the kidneys and ext ended rad ially down 

to the medulla . The cut surface of the kidney was redder than 

normal and the medulla dark red . 

The pleural , peritoneal and pericardial cavities of the 

calves contained a small amount of a red s tained fluid . Calf 

17  and to a lesser exten t ,  calves 14 and 1 5  had marked oedema 

and red discolo uration o"f the perirenal tissue (Fig . 5- 1 ) . The 

lungs of calf 15 showed diffuse patchy congestion of mos t  lobes . 

The thymus from c alf 1 5  contained multiple petechial 

haemorrhages . The prescapular lymph nodes from all calves . ' 
appeared slightly oedematous . The mesenteric and thoracic lymph 

nodes were normal . 

3 . 1 . 2 . 2  Hamsters 

Hams ters killed sequentially showed no gross pos t mortem 

changes until day three following infection when two hamsters 
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Fig 5-· 1 

Post mortem appearance of calf 1 7 .  There is intense j aund ice 

of the carcase , p er irenal oedema , rounded margins to the dark 

red c ongested l iver and a dark appearance to the bladder due 

to the presence o f  haemoglobinuria . A sample of urine is 

within the test tube (arrow) . 





showed abnormalities . On following days the progression of 

the disease followed a relatively consistent pattern , although 

small variations in the time of onset and the s tage to which 

lesions had developed at defined times varied s lightly from 

hams ter to hamster . 

The earliest changes were found in the spleen lvhich showed 

congestion and enlargement . Liver congestion occurred next while 

alterations in the kidney were seen relativ.:ly late in the course 

of the disease when haemoglobinaemia and haemoglobinuria were 

severe . 

Musculature ,  body fat and mucous membranes of moribund and 

dead hamsters were intensely j aundiced . The liver , spleen and 

kidney were reddened , enlarged and f r iable . Small red capsular 

foc i less than 1 mm in diameter extended to the medulla . The cut 

surface of the kidney was more red than normal and the medulla 

dark red . 

Hamsters found dead had hypos tatic congestion of the dependent 

lung and patchy conges tion of the o ther . Those which \-lere found 

moribund usually had small patches of c onges tion of both lungs . 

Dead and moribund animals had a small amount of red s tained f luid 

in the pleural , peritoneal and pericardial cavities . 

3 . 1 . 3  Infec tions not assoc iated with haemoglobinaemia 

Grossly , calves 1 1  and 16 were s tunted with little body fat 

present , particularly in calf 1 1 .  

The capsular surface of the kidneys of calf 16  contained 

mul t iple diffuse pale areas of approximately 0 . 5  cm diameter which 

extended 2 . 5  to 0 . 5  cm into the cortex . No other lesions were 

noted in the carcas e .  

The kidneys from calf 1 1  contained multiple 1 mm diameter 

white foc i  which extended radially from �he capsule to the cortico­

medullary j unct ion . The l iver was enlarged , and bronzed with 

rounded margins and friable in texture . The b ile duc ts and wall 
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of the gall  bladder were slightly thickened and the gall bladder 

was empty . 

3 . 1 . 4 ' Toxin ' injec ted calves 

No gross lesions were seen . 

3 . 1 . 5 Bled animals 

Bled animals had no gross  lesions . 

3 . 2  HAMSTER ORGAN WEIGHT RATIOS 

The hamster organ weight rat ios are shown in Appendices VII 

to XIV , the means and s tandard deviations of control animals are 

tabulated in Appendix XV .  

The first alteration in organ weight ratios occurred on day 

two when Hamster ( 2- 3 )  had an increased spleen to body weight 

ratio and the liver to body weight ratio was j ust outside the 

normal range . Hamst ers (2-2) , ( 2-4) and (2-5)  had spleen to body 

weight rat ios outside the normal range but l iver to body we�ght 

ratios were normal . 

On sub sequent days most hams ters with no other gros s  lesions 

had increased spleen to body weight ratios . Increased l iver to 

body weight ratios were always present  with increased spleen t o  

body weight ratios . Increased kidney t o  body weight ratios were 

present only after haemoglobinuria occurred and were always 

accompanied by increa sed spleen and l iver to body weight ratios . 

3 . 3 . CELLULAR PATHOLOGY 

The resul ts of Experiment I ,  part 2 are summarized in 

Table 5- 1 .  The haematological results indicated the severi ty 

of the s tage of infec tion in tha t particular animal . Information 

on the progression of lesions is taken f rom Experiment I ,  

part 1 in which hamsters were sequentially euthanased and part 2 

in which hamsters in different s tages of the disease were 

euthanased on the same day . 
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Table 5 . 1  Summary of clinical pathological results from ballum infected hamsters in Experiment I part 2 

Hamster 

.2 

3 

4 .  

5 .  

6 

C l  

C2 

Clinical signs PCV 
immedia tely 
prior to 
euthanasia 

Depressed , 
dehydrated , 
j aundiced 

Depressed , 
dehydrated , 
jaundiced 

Depres sed , 
dehydratea , 
j aundiced 

Depressed , 

Normal 

Normal 

Control 

Control 

0 . 10 

0 . 10 

0 . 25 

0 . 35 

0 . 42 

0 . 4 5  

0 . 49 

0 . 48 

II 

20+§ 

l(j+§ 

0 

0 

0 

0 

Blood smear 
characteristics 

Leptospiraemia 

Polychromasia , 
neutrophilia , 
monocy tosis , 
erythrophagocytosis 

Polychromasia , 
neutrophilia , 
monocytosis , 
erythrophagocytosis 

Neutrophilia , 
monocytosis 

Neutrophilia, 
monocytosis 

Normal 

Normal 

Normal , 

Normal 

< 1 /hpf 

3/hpf 

3-4/hpf 

40-50/hpf 

1 /hpf 

1 /hpf 

None 

Ne.. ne 

11 Severe' j aundice and haemoglobinaemia 

§ Haemoglobinaemia 

Post mortem examina tion results 

Jaundiced carcase,  haemoglobinuria 
Liver , spleen , kidney s :  grossly enlarged , 
conges ted , dark red in colour and 
friable 

Jaundiced carcase ,  haemoglobinuria . 
Liver , spleen , kidneys : grossly enlarged , 
congested and dark red in colour and 
friable 

JaundicP.d carcase , haemoglobinuria . 
Liver and spleen: grossly enlarged,  
congested , dark red in colour and 
friable . Kidneys slightly red and 
enlarged 

Spleen enlarged , liver slightly enlarged . 
Kidneys grossly n�rmal . 

Spleen slightly enlarged. 

Normal 

Normal 

Normal 

RBC morphology by 
SEM & TEM 

Spherocytosis , 
pits and vacuoles 

Spherocytosis , pits 
and vacuoles 

Spherocytosis , p its 
and vacuo!es . 
Leptospires seen by TEM 

Spherocytosis , pits  
and vacuoles . 
Leptospil:es seEm by TEM 

Discocyte-echinocyte 
transformation 

Discocyte-echinocyte 
transformation 

Discocytes 

Discocytes 



3 . 3 . 1 Liver 

3 . 3 . 1 . 1  Control animals 

a) Histopathology 

Normal calf hepatocy tes are s imilar to those of 

ca ttle described elsewhere (Dellman & Brown , 1 9 76 ) . Normal hamster 

hepatocytes are shown in Fig . 5-2 and have a f oamy appearance due 

to cytoplasmic vacuolation . 

Normal calf and hams ter l ivers contained large amounts  of 

glycogen in mos t  hepatocytes . In hamn ters , the normal f oamy 

• 
vacuolated portion of the cell as seen by H & E was still obvious 

in cells in the J?AS s tained sections . The glycogen was seen a s  PAS 

positive granules within the cytoplasm either distributed through 

the cy toplasm or localized towards the periphery of the cell and 

around the nuc leus . 

Haemosiderin was rarely seen in hepatocytes and Kupffer 

cells from control calf and hams ter livers . In some of the older 

control hams ters euthanased at  the end of Experiment I par·t J ,  
intensely s taining haemosiderin granules were seen within some 

hepatocytes of the portal regions . 

b ) Ultrastruc tural pathology 

There were consistent  differences between the 

hepatocyte ultra struc ture of hams ters (Fig . 5-8)  and calves which 

reflec ted the differences seen in light microscopy . In hams ters , 

the cellular organelles and endoplasmic reticulum tended to 

aggregate around the nucleus and the periphery of the cells 

(Fig . 5-8) . Mos t  o f  the cytoplasm appeared emp ty and there were 

no dis t inct margins between these regions and those where the 

cellular organelles were locate d .  The hamster mitochondria , 

endoplasmic reticulum and bile cannicul i are similar in struc ture 

to those  of the calve s .  The ultrastruc ture of bovine hepatocytes 

was s imilar to that o f  human hepa tocytes described by Laguens 

& Durnm . ( 1 969)  and Matthews & Martin ( 1 9 7 3 ) . 
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3 . 3 . 1 . 2  Infec tions a ssociated with haemoglob inaemia 

a )  Histopathology 

A definite sequence was seen in the development of 

histological lesions in sequentially euthanased hamsters , 

although some euthanased on the same day showed lesions of different 

severity . The early les ions in the sequence occurred before 

haemoglobinaemia developed but these animals are s till considered 

haemoglob inaemic because according to the results of morphclogical 

s tudies of RBC ' s  (Chapter 4 )  there were abnormal RBC ' s in circulation 

showing changes which would ult imately result in haemoglobin loss . 

Early histopathological changes consisted of loss of the foamy 

appearance to the cytoplasm occurring f irst around the por tal 

triads . There was swell ing of the hepa tocytes and a l ight 

mononuclear cell infiltration in this region . The size and intensi ty 

of the cellular infiltrations and the extent and degree of 

hepatocyte degeneration increa sed with time and the increasing 

severity of haemoglob inaemia . Although the initial degenerat ive 

lesions of hepatocytes were observed around the portal triads , 

with the progression of the disea se hepatocy te changes were noted 

throughout the entire hepat ic lobule . As animals  became 

haemoglobinaemic , glycogen deple tion occurred . Haemosiderin 

accumulations were not seen in the early s tages of the disease 

and leptospiral organi sms were rare . 

The l ivers of all severely haemoglobinaemic hamsters 

(Fig . 5-3)  and calves showed a marked loss of c ellular detail 

characterized by a loss of distinc tness to the cell boundaries 

and disruption of the hepat ic cords . Swollen vacuolated 

hepatocytes occluded some s inusoids while o ther sinusoids were 

dilated . Individual cel l s  showed advanced degenerative changes 

while neighbouring cells appeared less affected . The degenerat ion 

of the hepa tocytes was more severe around the central vein and 

had frequently progressed to coagulative necro s is . The latter 

change was more marked in hamster livers  (Fig . 5-3) . 
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The mononuclear infiltrations observed around the portal 

triads (Fig . 5- 3)  from haemoglobinaemic an imals were often very 

extensive and comprised lymphocytes and macrophages with the 

occasional PMN . Smaller groups of mononuc lear and PMN cells were 

seen throughout the parenchyma often coinc iding with areas of 

coagulative necros is . These were most frequently seen in hams ters . 

The hepatic blood vessels and s inusoids of haemoglobinaemic 

animals contained l arge numbers of spherocytes which appeared a s  

intensely staining RBC ' s  of a small diameter wi thout the 

central pallor . Large numbers of WBC ' s  wer e  seen in the b lood 
. 

vessels and sinusoids . Kup ffer cells often contained phagocytosed 

RBC ' s .  

The haemoglobinaemic animals occasionally c ontained a. pal e 

s taining form of haemosiderin within Kupffer  cells and occasionally 

in hepatocytes . In calf 1 7  and those hamsters which were euthanased 

last (Table 2-2 ) these cel ls had darker staining haemosiderin 

globules .  The haemosiderin was evenly distributed through the 

parenchyma aud did not have a portal distribution . 

Glycogen was absent in the severely haemoglob inaemic 

animals . 

Large numbers of leptospires were demonstrated by W/S stain 

between the hepatocytes of calves 14  and 1 7  with the occasional 

organism appearing to be intracellular . Fewer l eptosp ires were 

seen in liver sect ions from calf 1 5 .  The numbers of leptospires 

in sections of hamster livers (Fig . 5-5) g eneral ly exceeded that 

of the calf livers . Although some leptospires were seen within 

hepa tic b lood vessels ,  most leptospires were found within the 

parenchyma . 

b)  Ultrastruc tural pathology 

In hams ters , the initial changes in hepatocyte 

ultrastructure c onsisted of loss of the p ale emp ty port ion 

of the cytoplasm as was seen in hamsters 5 and 6 .  There was 
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swell ing and disorganisation of the endoplasmic reticulum 

(Fig . 5- 10) which increased as the infection progressed and the 
. . 
animal s  became haemoglobinaemic . This change varied in degree 

from cell to cell . In genera l ,  there was also congestion of the 

sinusoids by abnormal ly shaped and vacuolated RBC ' s  as shown in 

hams ters 1 , 2 , 3  and 4 related to the onset ,  and increasing in degree 

proportionally with the severity of haemoglob inaemia (Table 5- 1 ) .  

Erythrophagocytosis was common with some macrophages 

c ontaining large numbers of RBC ' s  which were f ully haemoglobinated 

and a f ew partially haemoglob inated RBC ' s  (Fig s . 5-1 1 ,  5- 1 2 ) . 

• In addition , phagocytosis of debris of cells  o ther than RBC ' s  was 

observed (Fig . 5�12 ) .  

Leptospires were frequently seen migratin g  between hepatocytes 

with little  apparen t effect on the adj acent cells  in calf 15 and 

hamsters 1 ,  2 ,  3, and 4 .  Intracellular lep tosp ires (Fig . 5- 1 3 )  

were usually degenerate and showed loss o f  the normal granular 

s truc ture of the cytoplasm, loss of the axiosty l e ,  and stained 

more densely than extracellular organisms . 

3 . 3 . 1 . 3  Infections not associated with haemog lobinaemia 

a )  Histopathology 

Liver sec tions from calf 1 1  showed disorganisation. 

of  the hepatic cords , vacuolation of the hepatocytes , and randomly 

distributed focal accumulations of mononucl ear and PMN cel l s . 

Kupffer cells appeared l arger than those of c on trol calves . 

In calf 16 , there was the occasional vacuolated hepatocyte . 

Small numbers of PMN 's_had infiltrated through the parenchyma in an 

apparent ly random distribution . 

Haemosiderin was rarely s een in the l iver sec tions from 

calf 1 1  while dark s taining granules of haemosiderin of a portal 

distribution were present in calf 16 . 

Glycogen was present  in normal quantitie s  and dis tribution . 

No leptospires were seen in W/S stained l iver sec tions . 
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b )  Ultras truc tural pathology 

Hepatocytes of calf 1 6  showed minimal swelling of 

endoplasmic reticulum , few vacuoles 

and the occasional bile plug in the 

debris 

Hepatocytes from calf 1 1  showed similar but more severe 

changes . Myelin forms of various sizes and degrees of density 

(Fig . 5- 1 5 )  were seen and the cristae of some mitochondria were 

vacuolated . The space of Disse was frequently swollen and 

contained cell debris and membranes (Fig . 5- 1 6 ) . No abnormally 

shaped RBC ' s  were seen in the sinusoids or macrophages of the 

• l ivers f rom calves 1 1  and 1 6 .  

No lep tospires were seen either intracellularly or 

extracellularly in calves 1 1  and 16 . 

3 . 3 . 1 . 4  ' Toxin ' inj ected calves 

Histologically , the hepatocytes from calves 1 2  and 1 3  

were swollen and vacuolated throughout mos t  o f  the lobule . 

Those hepatocytes with a normal appearance were centrilobular 

in distribution .  Glycogen levels appeared normal and there were 

no accumulations of haemosiderin . 

Ul trastructually there was a small amount of vacuolation 

of the cytoplasm of some hepatocytes , swelling and disorganisation 

of the endoplasmic reticulum ,  aggregation of the mitochondria and 

endoplasmic reticulum ,and the occasional myelin form (Fig . 5-14 ) . 

3 . 3 . 1 . 5  Bled animal s  

Histological changes in the hamsters c onsisted o f  a slight 

loss to the foamy appearance of the cytoplasm of the hepatocytes . 

Hepatocytes from the b l ed calf showed mild hydropic degeneration . 

Ultrastructurally this calf showed swelling of the 

endoplasmic reticulum and an increased volume of pale ' empty ' 

cytoplasm in which the cellular organelles were aggregated around 

the nucleus and the periphery of the hepatocytes (Fig . 5-9 ) . The 

sinusoids were occ luded by the swollen hepatocytes . 
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3 . 3 . 2 Spleen 

3 . 3 . 2 . 1 Control animals 

a )  Histopathology 

The calves and younger hams ters had small foci of 

erythropoiesis within the sinusoids and spaces between 

reticular cords of the red pulp . In the lymphoid follicles of the 

hamsters lymphoblasts were the predominant cell type with f ew 

mature lymphocytes present . 

in either group of animals . 

Very little haemos iderin was present 

b) Ultrastruc tural pathology 

Splenic ultrastruc ture of calves and hamsters was 

similar in mos t  respects to that of normal humans (Laguens & Dumm, 

1 969 ; Matthews & Martin ,  1 9 7 3 ;  Olah et al , 1975 ) . Calf spleens 

contained more f ibrous trabecular material than the hams ter spleens . 

Plasma cells , erythrophagocytic macrophages , erythropoietic cells , 

reticulocytes and megakaryocytes were seen in normal calves and 

hams ters . The RBC ' s  in the sinusoids were abnormally shaped due 

to the c lose packing of cells . A few vacuolated cells were present . 

Those RBC ' s  undergoing erythrophagocytosis were f requently 

vacuolated and showed evidence of intracellular d igestion by the 

patchy loss of haemoglobin from the RBC cytoplasm (Fig . 5- 1 7 ) . 

3 . 3 . 2 . 2 Infect ions associated with haemoglobinaemia 

a )  Histopathology 

Init ial changes in spleens f rom hamsters which showed 

no clinical or gross pathological signs consisted of lymphoid 

hyperplasia of the Malpighian follicles and distension of the 

sinusoids and spaces between reticular cords of the red pulp by 

RBC ' s .  As haemoglobinaemia developed and became more severe , 

lymphoid depletion occurred . There were few mature lymphocytes 

present , the lymphoid cells comprised mainly lymphoblast s . Within 

the germinal centres these were admixed with pyknotic nuclei of 

unidentifiable cells . The pathological changes although similar in 

both spec ies , tended to the more pronounced in the hams ters . 
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Severely haemoglobinaemic animals showed extremely congested 

reticular cord spaces and sinusoids in which spherocytes were present . 

Erythrophagocytosis and the presence of a homogeneous eosinophilic 

material within large macrophages was common , particularly in hamsters . 

Infiltration of the red pulp sinusoids by PMN' s occurred in the 

hamsters and calves 1 4  and 1 7 .  Conges tion without PMN inf iltration , 

areas of necrosis and pyknotic nuclei were noted in calf 1 5 .  Areas 

1 1 2  

of necros is and pykr.otic nuclei were also seen in haemoglobinaemic hamsters . 

Macrophages c ontaining cell and nuclear debris from cells other than 

RBC ' s  were f ound within the red pulp and lymphoid follicles . Haemosiderin 

in the form of diffuse and pale staining globules within macrophages 

was dis tributed through the red pulp o f  the spleens of severely 

haemoglobinaemic animals . 

Leptospires were abundant in sections from the mos t  severely 

haemoglobinaemic hamsters and calves 1 4  and 1 7 .  Few organisms were 

seen in the sections before the animals became severely haemoglob inaemic 

and few were seen in sections from calf 1 5 . 

b )  Ultrastruc tural pathology 

Swelling of the reticular cells of  the red pulp was 

seen in hams ters 5 and 6 without evidence of haemoglobinaemia (Table 

5- 1 ) . There were large numbers of vacuolated RBC ' s  within the 

sinusoids and macrophages . Swelling o f  the retic ular cells was shown 

by the format ion of ' blebs ' of cytoplasm (Figs 5- 1 9 ,  5-20)_ . 

The mos t  striking feature of the severely haemoglobinaemic 

animals was the presence of large numbers of abnormally shaped and 

vacuolated RBC ' s
. 

within the sinusoids (Fig . 5- 1 9 ) . The maj ority 

of these cells were fully haemoglob inat ed . · Large numbers of 

vacuolated and fully haemoglobinated RBC ' s  were also found within 

macrophages · and fewer numbers within PMN ' s .  Occasionally 

mononuclear cells were seen making c lose contact 

with RBC ' s  (Fig . 5- 1 8 ) . Intracellular digestion of RBC ' s  was 



seen . Macrophages also con tained cellular debris from cells 

other than RBC ' s .  Dark tubular or round inclusions were observed 

within some cells (Fig . 5- 2 1 ) . These s truc tures had indis tinc t 

boundaries and membranes were diff icult t o  dis t inguish . These 

tubular struc tures were distinct from the leptospires (Figs . 5- 1 9 ,  

5-20) . Large areas of cellular degenerat ion were seen particularly 

within the severely haemoglobinaemic ball um inf ec ted hams ters . 

Degeneration of leptospires within the macrophages was 

s imilar to that which occurred in pomona infec ted hamsters 

(Chapter 6 ) . All intracellular leptospires were found in membrane-
• bound vacuoles and were in varying stages of degenerat ion . 

3 . 3 . 2 . 3  Infect ions not associated with haemoglob inaemia 

The spleens of calves 1 1  and 1 6  were h istologically 

normal and no lep tospires were seen . 

Electron microscopy of splenic sect ions from calf 1 6  showed 

no abnormal ities . There was an increase in erythrophagocytosis 

of vacuolated RBC ' s in the splenic sec t ions from calf 1 1 .  

Increased numbers of vacuolated RBC ' s  were seen both intracellularly 

and extracellularly but not in such large numbers as in the 

haemoglobinaemic calves . The occas ional necrotic cell was seen 

surrounded by apparently normal reticular cells  in the red pulp . 

Phagocytosis of cellular debris was occas ional ly observed . 

3 . 3 . 2 . 4  ' Toxin ' inj ected calves 

No histological lesions were seen but ul trastruc turally 

there were increased numbers of vacuolated RBC ' s  both intracellularly 

and extracellularly when compared to the control animals . There 

were no other signif icant features . 

3 . 3 . 2 . 5  Bled animals 

No histological or ultrastruc tural lesions were seen . 

3 . 3 . 3  Kidney 

3 . 3 . 3 . 1  Control Animals 
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a)  His topathology 

Renal structure was normal in all c ontrol animals .  

Only the occasional granule of haemosiderin was present in 

epithelial cells of tubules . 

b )  Ultrastructural pathology 

The renal ultrastruc ture of calves and hams ters was 

similar to that described in mice (Erics son , 1 96 4 ) and humans 

(Laguens & Dumm, 1 96 9 ; Hatthews & Martin ,  1 973) . 

3 . 3 . 3 . 2  Infections assoc iated with haemoglobinaemia 

a)  His top�thology 

In sequentially euthanased hams ters , severe renal 

lesions were seen only in haemoglobinaemic animals . Initial changes 

occurred in animals after lesions in the spleen and liver were well  

e stablished , but  b efore haemoglobinuria occurred , and consisted 

of the slight dilatation of the Bowman ' s  Cap sule by an almost 

transparent faintly eosinophilic fluid . The onset  of severe 

lesions coincided with the presence of a dark p ink proteina�eous 

fluid in the tubules (Fig . 5-4) . This fluid is thought to 

represent haemoglobin and will be referred t o  a s  such in the 

following results . 

In all haemoglobinaemic animals haemog lob in was present  in 

many tubules extending from the Bowman ' s  Capsule to the renal pelvis . 

The degree of eosinophilia of the haemoglob in containing fluid 

increased and a granularity became apparent with distal progres·sion . 

In some cases RBC ' s ,  WBC ' s  and epithelial cells were incorporated 

in the haemoglob in casts . Advanced degenerative changes consis ting 

of loss of the brush border of the proximal tubular epithelial cell s , 

and vacuolation and disintegration of epi thelial cells  were 

present in tubules containing haemoglobin . In some cases the 

epithelial cells had desquamated . In hamst ers the corticomedullary 

junc tion was often the area most severely affected . In the cortex 

collapse of the s troma due to loss of tubular epithelial cells 

was sometimes seen . 
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The hams ter kidneys contained large accumulations of 

mononuclear cells in the interstitium of tubules and around large 

blood vessels . Some PMN accumulations were also seen in the 

interstitium. Mononuclear and PMN accumulations were also seen 

in the renal pelvis of some hamster kidney s .  In calves , cellular 

infiltrates of a similar cell type were presen t  al though of lower 

density and size . 

Glomerular changes were minor in calves and hamsters and 

consisted of dilatation of Bowman ' s  Capsule with a urinary 

f iltra te ,  usually darkly eosinophilic but occasionally almost 

transparent . 

Haemosd.derin was no t found in any o f  the kidneys . 

In moribund or dead hamsters , very large numbers of lepto spires 

were seen singly or in large groups in blood vessels , and in the 

in terstitium, between tubules and between epithelial cells (Fig . 5-6 ) . 

Large groups were seen particularly at the cort icomedullary j unc tion . 

The occasional lep tospire was seen in tubular lumina in the cortex 

and medulla . Numbers of leptospires ob served were fewer in calves 

14  and 1 7  and infrequent in calf 15 . Large groups of organisms 

were not observed in calf kidneys . 

b )  Ultrastruc tural pathology 

Before haemoglobinaemia occurred in hams ters , few 

changes were seen . Those changes which were present c onsis ted of 

slightly increased vacuolation of the epithel ial cells of 

proximal convoluted tubules and oedema of the glomerulus with 

damage to the endothel ial cells of the glomerulus . No leptospires 

were observed in sec tions from the non-haemoglob i.naemic hamsters 

5 and 6 .  All pathological changes were minor until 

haemoglobinuria was presen t .  

In kidney sec t ions from all haemoglobinaemic and 

haemoglobinuric animals ,  a densely staining sub stance (Fig . 5-23)  

which is c onsidered to be haemoglobin was seen in  tubular lumina . 

In some tubules this subs tance had a more condensed , granular 

appearance (Fig . 5-24 ) . 
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The epithelial c ells showed varying degrees of degeneration 

with those epithelial cells associated with the condensed , 

granular haemoglobin appearing more degenerate (Fig.  5-24 ) . Large 

vacuoles and some myelin forms were seen within most epithelial 

cells (Fig . 5-2 3) . The epithelial cells were often swollen and 

occluded the tubular lumen , but were sometimes shrunken (Fig . 5-24 ) . 

In the latter case little cell cytoplasm was seen between the 

tubular lumen and basement membrane of the proximal tubules .  

The least af fec ted ep ithelial cells of proximal convoluted 

tubules had normal microvilli (Fig . 5-23)  which was progressively 

lost as the cells degenerated (Fig . 5- 24) . There was an increase 

·in the number of apical dense tubules and vesicles . 

Larger quantities of haemoglobin were seen within the epithelial 

cells of the proximal convoluted tubules of calf 15 (Fig . 5-22 )  than 

was seen within those of the haemoglobinaemic hamsters . Few changes 

were seen in the distal convoluted tubules and collecting ducts  

apart from the presence of haemoglobin which was often granular . 

Abnormally shaped RBC ' s  with vacuoles were seen within ' the 

b lood vessels and glomerular capillaries of the haemoglobinaemic 

1 16 

animals (Figs . 5-25 , 5-26 ) . Glomerular changes consisted of oedema , 

damage to the b lood vessel endothelial cells and the presence of small 

p ieces of cell debris in the lumen of the capillaries (Figs . 5-25 , 5-26) . 

Few organisms were observed in the calf kidney sections and no 

organisms seen within the tubule lumina of either calf or hamst er 

kidneys . Leptospires were more frequently seen in the severely 

haemoglob inaemic hamsters and in all animals were seen migrating 

between epi thelial cells or epithelial cells and the basement membrane 

(Fig . 5-2 7 )  where they were often associated with a small quantity of 

oedema . The organisms were not direct ly associa ted with necrotic cells . 

3 . 3 . 3 . 3  Infect ions not associated with haemoglobinaemia 

a) Histopathology 

Calf 1 6  showed only minor kidney changes consisting of 

vacuolation of the ep ithelial cells of the proximal convoluted 

tubules and the presence cf mononuclear infiltrations of small 

numbers of lymphocytes , macrophages and plasma cells . 



There were more severe changes in the kidneys from calf 1 1 .  

There were. larger accumulations of  mononuclear cells in the 

inters titium,  and tubular casts of PMN' s .  A pink proteinaceous 

material was seen in some tubules with cellular debris in some 

of the c ol lecting duct lumina . No haemosiderin was seen in 

kidneys of either calf 1 1  or 1 6 . 

Few leptospires were seen in kidneys of calf 16 . Colonies 

of leptospires were seen in the proximal convoluted tubules of 

calf 1 1 ,  but none observed in the interstitium. 

b )  Ultrastructural pathology 

Epithelial cells of  proximal convoluted tubules 

from calf 16 occasionally had increased numbers of vacuoles . 

No leptospires were seen in kidney sections from calf 1 6 .  

Changes were most severe in kidney sec t ions from calf 1 1 .  

The number of vacuoles was increased in many epithelial cells 

from the p roximal c onvoluted tubules . 

Lept ospires were seen within the lumina of  the proximal 

convoluted tubules , in some cases associated wi th normal microvilli 

(Fig . 5-29)  and in others with degenerate microvilli and cellular 

debris (Fi g .  5-28) . Degeneration of the mitochondria of the 

epithelial cells of the proximal convoluted tubules in the form of 

vacuolated cristae was frequently observed .  

Leptospires were seen migrating between apparently normal ep ithelial 

cell s . 

O ther regions of the nephron appeared normal , a s  did the 

RBC ' s  in b lood vessels . 

3 . 3 . 3 . 4  ' Toxin ' inj ected calves 

Renal t issue from the ' toxin' inj ected calves was 

· histologic ally and ultrastruc turally normal . 

3 . 3 . 3 . 5  Bl ed an imal s  

N o  histological o r  ultra structural lesions were observed 

in bled animals . 
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Fig 5-2 

Liver from a control hamster showing the normal large ' vacuoles ' 

within the hepatocytes which give a ' foamy ' appearance t o  the 

cytoplasm. 

Hamster Cl H&E l OOx 

Fig 5-3 

Liver from a moribund haemoglobinaemic hamster infec ted with ball um. 

There is loss of the characteristics of the normal hepatocyte 

cytoplasm,  dilatation of the s inusoids (arrows ) , portal infiltration 

with mononuclear cells (I)  and cen trilobular coagulative necrosis 

(CN) . 

Hamster 1 H&E lOOx 

Fig 5-4 

Kidney from a moribund haemoglobinaemic hamster infec ted with ball um. 

Most  haemoglob in casts have a homogeneous appearance (H) while some 

appear more granular (G) . 

H�mster 2 H&E lOOx 





Fig 5-5 

Liver from a moribund haemoglobinaemic hams ter . Large numbers of 

leptosp ires (arrows) are present extracellularly , between 

hepatocytes and within s inusoids .  

Hamster 2 W/ S 200x 

Fig 5-6 

Kidney from a moribund haemoglobinaemic hamster . Large numbers 

of leptospires (arrows ) forming colonies are present within b lood 

vessels and in the intersti tium between the tubules . Organisms 

are rarely seen within tubular lumina . 

Hams ter 2 W/S 200x 

Fig 5- 7 

Lens from an untreated calf . Large vacuoles (V) and smaller 

vacuoles (arrows ) are present within the lens fibres . 

Calf 1 8  H&E l OOx 





Fig 5-8 

A normal hamster hepa tocyte showing aggregated mitochondria and 

endoplasmic reticulum ( large arrows ) in a predominantly 

s tructureless ,  empty , cytoplasm (C) which contains small 

aggregations of a dark material ( small arrows ) .  

Hamster C l  TEM 10 , 500x 

Fig 5-9 

Hepatocyte cytoplasm of  the bled calf demons tra t ing dila ted 

endoplasmic reticulum (arrows) devoid of ribosomes and 

terminat ing in structureless  cytoplasm (C) . 
Calf 20 TEM 17 , 500x 





Fig 5-· 1 0  

Details o f  a hepatocyte from a hamster infec ted with ball um .  

Dilated endoplasmic reticulum (arrows) a.nd a decrease in the 

amount of emp ty cytoplasm are seen . 

Hams ter 5 TEM 25 , 000x 

Fig 5- 1 1  

Region o f  a hepatic macrophage f rom a haemoglobinaemic 

hams ter inf ec ted with ball um.  Large numbers of RBC ' s ,  many 

fully haemoglobinated (R) and some showing haemoglobin loss 

(R' ) are present . Haemoglobinated RBC ' s  are vacuolated 

and ovoid or c ircular in shape . A leptospire (arrow) is 

also seen , 

Hamster 2 TEM 6 , 400x 





Fig 5- 1 2  

Hepat ic macrophage from a haemoglobinaemic calf infec ted �¥ith 

pomona . The phagocytosis of a RBC (arrow) , other phagocytosed 

RBC ' o  (R) , and phagocytosed debris (D) is seen . 

Calf 1 5  T EM  1 0 , 500x 





Fig 5- 1 3  

A membrane l ined vacuole  within a hepatic macrophage from a 

hamster infec ted with ball um.  A degenerate leptospire (L) , 

a haemoglobinated RBC (R) , myelin forms (M) and other debris  

are seen . 

Hams ter 2 TEM 25 , 000x 

Fig 5- 1 4  

Hepatocytes f rom a calf inj ected with pomona ' toxin ' showing 

dilatation of the endoplasmic reticulum (arrm.;rs ) ,  loss of 

ribosomes and presence of intracellular vacuoles (V) . 

Calf 1 2  TEM 1 7 , 5 00x 





Fig 5- 15  

Hepatocyte f rom a non-haemoglobinaemic calf infected with pomona . 

Myelin forms (M) and dilated endoplasmic reticulum (arrow) are 

presen t .  

Calf 1 1  TEM 6 , 4 00x 

Fig 5- 1 6  

Liver from a non-haemoglob inaemic calf infec ted with pomona . 

There is dilatation of the space of Disse which contains 

fragments or extrusions of cells (C) . The adj acent hepatocytes 

have slightly d ilated and irregular endoplasmic ret iculum (E)  

and loss of r ibosomes . The occasional vacuole (arrow) is  

seen within mitochondria . 

Calf 1 1  TEM 1 0 , 500x 





Fig . 5- 1 7  

Erythrophagocytosis in a normal hamster spleen . Condensation 

of haemoglob in ( arrow) and vacuolation (V) of the RBC 

cytoplasm are seen . 

·Hamster Cl TEM 1 7 , 5 00x 

Fig 5- 1 8  

Mononuclear cell appearing t o  contac t a RBC (arrow) within 

the spleen of a hamster inf ec ted with ballum .  

Hams ter '• TEM 1 3 ,  SOOx 





Fig 5- 1 9  

Sequestration o f  vacuolated, c ircular RBC ' s  in the spleen of 

haemoglobinaemic hamster infected with ball um .  ' Blebs ' of 

swollen reticular cell ciytoplasm (B) , cell debris (D) and 

intracellular lep tospires (arrows) are present . 

Hamster 3 TEM 1 0 , 500x 

Fig 5-20 

Splenic macrophage from a hamster infected with bal l um.  

A lep tospire (L) i s  seen within a membrane-bound vacuole . 

' Bleb s '  of reticular cell cytoplasm (B) and a vacuolated 

RBC (R) are also seen . 

Hamster 3 TEM 1 7 , 5 00x 
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Fig 5-2 1  

Tubular and round s t ructures (arrows ) within th e cytoplasm 

of a reticular cell from the spJ een of a hamster infec ted 

with ball um.  

Hamster 6 TEM 1 7 , 500x 

Fig 5-2 2  

Kidney o f  a calf inf ec ted with pomona . An epithelial cell 

from a proximal convoluted tubule containing intracellular 

haemoglob in (arrows) is presen t .  

Calf 1 5  TEM 1 7 , 500x 





Fig 5-23 

Epithelial cells from a. proximal convoluted tubule of a 

haemoglobinaemic hamster infected with ballum. Large numbers 

of vacuoles (V) and inclusions (I)  are seen . The microvilli 

(MV) appear in tac t and the haemoglobin (H)  within the tubular 

lumen has a homogeneous appearance.  

Hamster 1 TEM 1 0 , 5 00x 

Fig 5-24 

Epithelial cells from a haemoglobinated hamster infected with ballum 

showing greater degenerative changes when comFared to the above 

f igure . The lumenal haemoglobin shows some condensation and 

has a less homogeneous appearance .  The associated cells show 

shrinkage and loss of microvilli (MV) . One cell (C)  appears 

shrunken . Cell debris (D) is present  in the tubular lumen . 

Hamster 1 TEM 1 0 , 500x 





Fig 5-2 5  

Glomerular capillary from a haemoglobinaemic hams t er infected 

with ball um. Vacuolated RBC ' s  and cellular debris (D) are 

presen t  within the capillary lumen . Portions of the capillary 

endothelium (arrow) appear to be lifting off the basement 

membrane . 

Hamster lf TEM l O , SOOx 

Fig 5-26 

Glomerular capillary from a non-haemoglobinae�ic hams ter infec ted 

with ball um.  A c irculay vacuolated RBC is seen and also oedema 

(Oe) between the basement membrane and endothelial cell . 

Hams ter 5 TEM l O , SOOx 





Fig 5-2 7  

Leptospire migra t ing in a pocket o f  oedema (Oe) between the 

basement membrane s · of tubules from a · hams ter infec ted wi th 

bal.l um .  

Hams ter 4 TEM 2 5 , 000x 

Fig 5-28 

Leptospires (L)  wi thin a proximal convoluted tubule of a calf 

14 days af ter infection with pomona .  Numbers of microvilli 

appear reduced and some cell debris (D) is present  withi� the 

lumen . 

Calf 1 1  TEM 2 2 , 500x 

Fig 5-29  

Leptospires (L)  within the proximal convoluted tubule of a 

calf 14  days af ter infection with pomona . Microvilli (MV) 
appear normal ,  

Calf 1 1  TEM 2 2 , 500x 





3 . 3 . 4  Bone marrow 

3 . 3 . 4 . 1 Control animal s  

Bone marrow from control animals was normal histologically 

and no haemosiderin was seen . Ultrastruc tural examination showed 

matura tion stages for all haemopoietic cell lines as described by 

Bessis ( 1 973) . 

3 . 3 . 4 . 2  Infec tions associated with haemoglobinaemia 

Changes in hamster marrow his tology were dif f icult to 

distinguish until RBC des truc tion was well advanced and the animals 

were severely haemoglobi.naemic . 

Marrow fron:. haemoglobinaemic calves and hamsters was 

hypocellular for both erythroid and myeloid cells lines . Blast 

erythroid and myeloid cells were seen with an almost complete 

lack of mature cells .  

Erythrophagocytosis was frequent in all s everely 

haemoglobinaemic anirr,al s .  In hamsters . the macrophages were 

some t imes extremely large and f illed with an eos inophilic 

homogeneous material similar to that seen in splenic macrophages . 

Haemosiderin was absent in haemoglobinaemic animals .  

Large numbers of leptospires were seen in the marrow 

s inu soids of the severely haemoglobinaemic hamst er s .  

Ultrastruc turally, macrophages and erythrophagocytosis 

were c ommonly seen in the haemoglobinaemic calf . The RBC 

degradation and morphology was s imilar to that  in the splenic 

and hepatic macrophages . Late normoblasts with abnormal nuclei 

were s een in marrow from calf 1 5 .  

3 . 3 . 4 . 3  Infections not associated with haemoglob inaemia 

Marrow f rom calves 1 1  and 16 appeared histologically 

normal with neither haemosiderin or lep tospires presen t .  

3 . 3 . 4 . 4  ' Toxin ' inj ected calves 

No his tological and ultrastructural abnormRlities or 

haemosiderin was s een . 
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3 . 3 . 4 . 5  Bled animals 

Marrow from the bled hamsters was normal apart f rom 

increased numbers of erythropoietic cells . 

3 . 3 . 5  Lymph node 

Lymph nodes from the haemoglobinaemic calves 1 4 ,  1 5  and 1 7  

showed severe depletion of mature lymphocytes f rom the lymphoid 

follicle s .  Pyknotic nuclei from lymphocytes and the occas ional PMN 

were seen in the medulla . The occasional leptospire was seen in 

the medulla . Haemorrhage was seen in the medullary sinuses of calf 

1 5 .  

Lymph nodes from infected calves 1 1  and 1 6  and ' toxin ' 

inj ected calves 1 2  and 1 3  were normal excep t  for small infiltrations 

· of PMN's in medullary sinuses . The latter were s een in all calve s ,  

including the control animals . 

3 . 3 . 6  Thymus 

In the haemoglobinaemic calves 14 , 1 5  and 1 7  there was 

severe depletion of the cortical lymphoid tissue . Petechial 

haemorrhages  were common in the medullary regions of calves 14 and 

15 and infrequent in calf 1 7 .  No lesions were observed in the 

other calves . 

3 . 3 . 7  Lung 

In haemoglobinaemic calves 1 4 ,  1 5 ,  1 7  and hamsters there 

were some area s  of collapse,  emphysema and congestion . Euthanased 

hamsters of ten had intra-alveolar RBC ' s .  In those hamsters f ound 

dea d ,  b lood vessels often contained large numbers of WBC ' s . 

Phagocytosis of RBC ' s and haemosiderin vras seen in alveolar 

macrophages of severely haemoglob inaemic hamsters . 

Few leptospires were seen in lung sect ions from hamsters 

and calves 1 4 ,  15 and 1 7 .  No leptospires were seen in calves 

1 1  and 1 6 . 
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Lungs from all control hamsters showed areas of collapse ,  

emphysema and intra-alveolar RBC ' s . Intra-alveolar RBC ' s  resulted 

from the inhalat ion of RBC ' s  following severance of the j ugular 

vein s . 

The focal area of dull red hepatization in the ventral 

portion of the right cardiac lobe noted at post-mortem examinat ion 

of control calf 1 9  was an area of subacute pneumonia . No lesions 

were seen in the lungs of control , ' toxin ' inj ected or 'bled ' calve s ,  

and infected calves 1 1  and 16 . 

• 3 . 3 . 8  Brain 

No lesions of signif icance were noted in any calves . 

Leptospires were not seen within the brain t is sue al though some 

organisms were f ound within blood vessels o f  calves 14 , 1 5 and 1 7 .  

3 . 3 . 9 � 

Vacuolation of lens f ibres was s een in all calves (Fig . 5-7 ) . 

No lesions were seen in other ocular tissues . No leptospires were 

seen in tissue or in the aqueous or vitrous humours .  

3 . 3 . 1 0  Cardiac muscle 

With the exc eption of some lightly staining bundles of 

cardiac muscle f ibres in severely haemoglob inaemic calves and 

some hamsters , no l esions were present . 

Lep tospires were present in blood in the lumen of blood 

vessels and heart chambers of haemoglob inaemic animals . 

3 . 3 . 1 1  Other tissues 

No significant histological lesions and only the occasional 

leptospire was seen in the calf adrenal glands , pancrea s  , thyroid 

gland or intestines . 
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4 . 0  D I SCUSS ION 

The haemolytic infec t ions of the pomona inf ected calves and 

ballum infec ted hamsters could be divided into two categories : 

a )  animals with haemoglobinaemia plus those animals that 

would be expected to become haemoglob inaemic had they 

not been euthanased early in the course of the disease . 

or b )  animals without haemoglobinaemia but with evidence of 

increased RBC des truc tion and production . 

On the basis of the c linical pathological resul ts and RBC 

ultrastruc tural studies (Chapters 3 and 4 )  all infec ted hamsters 

1 2 1  

and infec ted calves 1 4 , 1 5  and 1 7  could be p laced in the first 

category . The ' toxin ' inj ec ted calves 12 and 13 showed ultra­

structural changes s imilar to those of pre-haemoglobinaemic hamsters and 

were also placed in the f irst category . 

Non-haemoglob inaemic calves 1 1  and 1 6  showed no signs of 

becoming haemoglob inaemic and were therefore placed in the latter 

category on the evidence of increased RBC destruction and produc tion . 

Calf 1 1  had altered RBC morphology and a decreased M: E ratio and PCV 

and although calf 16 showed normal RBC morphology , the M : E  ratio was 

lower than those of the control calves .  

The severity of lesions in c alves and hamst ers appee.red to  be 

directly related to the degree of RBC destruc tion and a definite 
. 

pattern of l esion development in the various organs was apparen.t . 

The earliest noted change , that of increase in the weight of the 

spleen was shown by l ight and electron microscopy to be due to RBC 

sequestration which occurred before clinical signs appeared and 

before haemoglobinaemia was overt . The spleen is a sensitive 

detector of altered and damaged RBC ' s ,  (Crosby , 1 977 ; Jandl & 

Aster , 1 967 ; Jandl et al , 1965 ; Rifkind , 1 9 6 5 ;  Wagner et al , 1 9 6 2 ; 

Weiss , 1 962a) . arid it is therefore likely that the echinocyt ic cells 

in circulation (Chap ter 4)  were being detec ted and removed a t  an 

early s tage in the disease . This increased rate of RBC des truction 



was coun tered by increased RBC formation shown in the bone marrow 

response described in Chap ter 3 .  While minor changes in RBC ' s  
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are detec ted by the spleen through its complex sinusoidal and reticular 

cord system which enables RBC ' s  to come into close contact with 

fixed macrophage cells (Weis s ,  1 96 2a)  the l iver is only able to 

detec t the more gross changes in RBC morphology (Jandl & Aster , 

1 96 7 ;  Jandl et al , 1 965) . RBC sequestrat ion therefore occurred 

later in the l iver than in the spleen and hence the increase in 

liver body weight ratios occurred later than the increase in the 

spleen : body weight ratio . 

In the present experiments the calves which developed 

haemoglobinaemia showed essen tially similar gross and his topathological 

changes in the spleen , liver and kidney to those reported in 

haemolytic pomona infections of cat tle (Cordy & Jasper , 1 952 ; 

Ferguson et al , 1 957 ; Reinhard & Hadlow , 1 954 ; Spradbrow & Seawright , 

1 96 3 )  and some haemolytic canicola infections of calves ( Imbabi 

et al , 1 96 7 ;  Van der lloeden , 1 955) . 

The gross and histological lesions of hamsters infec ted with 

bal l um have not been described in detail in earlier work but the 

present  experiments were similar to those briefly described by 

Frenkel ( 1 9 7 2 ) . 

The pathological f indings from the haemoglobinaemic calves and 

hamsters while being essentially s imilar , were of a greater severity 

in hams ter s .  This observation confirmed the earlier c l inical 

pathological resul ts . 

Liver lesions appeared early in the disease before leptospiral 

organisms were visible by W/S stain . The initially periportal 

distribution of hepatocyte degeneration sugges t s  the action of a 

noxious agent infused via the portal vessels . I t  seems l ikely 

that this agent  is a ' toxin ' released by lep tospires mul t iplying 

in b lood . The leptospires , while shown culturally to be present  

in calve� would have been very f ew in number as it was not until 

the latter stages -of disease in the haemoglobinaemic animals that 

they were visible by dfm. 



The degenerative changes shown in the hepatocytes of the ' toxin ' 

inj ected calves provides further support to the hypothesis that 

initial hepatocyte degeneration is due t o  leptospiral 1 toxfn ' . 

The ater centrilobular lesions occurring when anaemia was present 

are consistent  with those in hypoxia (Jubb & Kennedy , 1 96 3) . 

The most severe degenerative changes occurred late in the disease 

in the haemoglobinaemic animals and it c ould be  argued tha t to 

reproduce this stage in the ' toxin ' inj ec ted calves tha t much more 

' toxin ' would have to be infused intravenously in order to cause  

RB C  destruct ion and haemoglobinaemia resulting in hypoxic lesions 

of the liver . 

Miller & Wilson ( 1 966)  also demons trated that liver lesions 

occurred before large numbers of organisms were seen in the l iver 

and did not appear direc tly assoc iated with tis sue damage . ' Toxins ' 

prepared from pomona , canicola and icterohaemorrhagiae have been 

demonstrated to b e  cytotoxic to cells in tissue culture and to 

kill mice (Knight et al , 1 973) . Other workers have noted that 

intracellular changes in hepatocyte enzymes occur before 

histopathological lesions become severe suggesting an initial 

functional defec t of enzyme sys tems (Arean , I962b ; Arean & Henry , 

1 964)  but they did not comment upon a differential distribution 

of liver lesions . Hepatocytes are very active metabolically and 

therefore probab ly very susceptible to fac tors such as hypoxia . Ligh t  

microscopy of hamster and calf l iver f rom b led animal s  and ul tra­

structural examination of the bled calf showed tha t loss of RBC ' s  

did appear to have some effect but only one calf and six hamsters 

were examined . Larger numbers of animal s  would have to be  examined 

to conclusively establish the pathological effects of hypoxia and 

to differentiate these effects from those of leptospiral ' toxins ' .  

The ultrastructural changes in hepa tocytes of swollen endoplasmic 

reticulum and degeneration of the mitochondria are similar to those 

recorded in pomona (Miller & Wil son , 1 96 6 )  and canicol a ( Sapp et al , 

1 980) infections of hamsters in which the severe cellular necrosis 

was attributed to hypoxia . 
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The ' cytoplasmic blebs ' seen within the spleen before large 

numbers of organisms were seen resemble those seen in endothelial 

cells of hamsters and guinea pigs infec ted with i cterohaemorrhagiae 

(De Brito et ai 1 97 9 ;  Miller et al , 1 9 74)  and in the glomerulus of 

sheep infec ted with pomona (Mar shall , 1 973) . It seems likely tha t  

this change i s  a result o f  leptospiral ' toxin ' a s  leptospires were 

rarely seen close to the affected cells  in any of the reported work. 

In those animals which were haemoglobinaemic or in which 

haemoglobinaemia was l ikely to occur had the animal not been 

euthanased , the most noticeable changes seen his tologically and 

by EM were those of RBC sequestration and erythrophagocytosis . 

RBC ' s  were engulfed whole by splenic and hepa tic phagocytes . 

It has been sugges ted that the damaged RBC ' s  are detected by 

alterations in the mechanical properties (La Celle , 1 970 ) , metabolic 

functions (Kaneko , 1 974)  or surface charac teristics ( Seaman et al , 

1 9 7 7 )  of the cell . 

A notable f ea ture was that although haemoglobinaemia was very 

severe in some cases , very few partly haemoglob inated RBC ' s  were 

seen either in c irculation and only slightly larger numbers in 

macrophages .  There are two possible explanat ions for this 

ob servation . It seems likely that either partially haemoglobinated 

RBC ' s  may be removed f rom circulation and degraded so rapidly that 

lit tle evidence of them remains , or alternatively damaged fully 

haemoglob inated RBC ' s  are recognised and remo�ed by the spleen 

before intravascular haemolysis occurs and then haemoglob in is 

subsequently released back into circulation . Thi s  latter mechanism 

has been suggested to occur during immune haemolys is (Jandl & Aster , 

196  7 ) . 

The presence of pale staining haemosiderin within the liver and 

spleen reflects the suddenness of onset of the RBC destruc tion as 

dark granular deposits such as those seen in the control hamsters 

euthanased last in Experiment I, part 1 are probably formed over 

a long period of t ime and result from concentration of the pale 
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form of haemosiderin .  The generalized , diffuse distribution of the 

haemosiderin in macrophages throughout the hepat ic lobule and 

splenic red pulp reflec t s  the generalized uptake by many cells of 

haemoglobin from the plasma and/or erythrophagocytosis of the 

sequestered RBC ' s .  

The dark tubular inclusions seen in some splenic cells 

resemble those seen in the endothelial cells of ocular (Mat suda 

& Sugiura , 1 9 70)  an d other b lood vessels ( Sengel & Stoebner , 1 970) . 

They may be the source of thromboplastic sub s tances which are 

thought to be released by blood vessel walls ( Shimamoto & Ishioka , 

i 963 )  and may be important in determining clotting time . 

Increased numbers of these inclus ions may be an indication of a 

s lightly incr eased need for clotting fac tor production as a result 

of minor haemorrhages al though overall the inf ec tion may not appear 

haemorrhagic . 

Previous work on experimentally . induced haemoglobinaemia 

resulted in renal nephrosis (Flink , 1 94 7 ; Jaenike & Schneeberee r ,  

1 96 6 ) . This was postula ted to arise from renal ischaemia caused 

by the intravascular aggregation of haemoglob in obstruc ting the 

passage of metabolites f rom blood to the tubular ep ithelial walls  

and hence a func tional defect of  the cells (Jaen ike & Schneeberger , 

1966 ) . Leptospiral induced nephritis has been a ttributed to 

hypovolaemia caused by endothelial cell  damage and fluid leakage 

and haemorrhage ( Sitprij a et al, 1 980) , ' toxin ' damage (Arean , 

1 96 2b ; Miller & Wilson , 1 9 6 7 ; Sitprij a et al , 1 980)  and mechanical 

· damage to endothelial cells by migrating lep tospires (Marshall , 1 9 7 3 ) . 

In the present work , haemoglobinaemia and the presence of large 

numbers of organisms coincided and occurred at about the time of 

death . While haemoglob inaemic nephrosis is considered likely , 

i t  is  diff icult to separa te these effects  from those of the actual 

organism and its ' toxins ' .  In addition , the pathogenicity of 

haemoglobin for renal tubules is further complic a ted by the fac t 

tha t haemoglobin free of RBC stroma does not p roduce nephrosis 

(Dudziak & Bonhard , 1980 ;  Relihart & Litwan , 1 9 7 2 ) . Dehydra tion 
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and therefore hypovolaemia was particularly noticeable i n  the 

hams ters (Chap ter 3) . No evidence for mechanical damage 

caused by migrat ing leptospires was seen and the organisms always 

appeared to migrate between cell s . Severe renal lesions were 

seen in other experimen tal animal s  (Chapter 6 )  in which 

haemoglobinaemia was not a feature . In the haemoglobinaemic 

animals the causes of tubular damage are probably multifac torial 

arising from hypoxia due to hypovolaemia and RBC loss , leptospiral 

' toxin s ' and the presence of free plasma haemoglobin . 

The loss of microvilli from epithelial cells of the proximal 

convoluted tubules may result f rom the mechanisms postulated by 

Eric sson ( 1 96 4 )  in work on experimentally induced haemoglob inaemia 

in rat s . The absorption of proteins from the tubular lumen 

occurs at the base of the microvilli in the tubules which are 

pinched off at  the tips to fonn vesicles which later coalesce  

resulting in vacuole formation . The intracellular vesicles are 

formed using membrane from the microvilli and where absorpt�on 

is excessive the microvilli shrink . Vacuoles seen by EM were not 

as large as those reported in sucrose nephrosis which are formed 

by the enlargement and coalescence of cytosomes (Maunsbach , et al , 

196 2 ;  Trump & Janigan , 1 96 2 )  and therefore seem more likely to 

be due to other causes such as proteinuria which was shown to  be 

present in the c alves (Cliapter 3) . Previous work has shown that 

vacuolation of tubules may be associated with proteinuria (Oliver 

et al , 1 954 ) . 

The glomerular changes of oedema and degeneration of the 

endothel ial cells  were minor . Reports of endothelial cell damage 

varied in o ther work . De Brito et al ( 1 965)  found no evidence for 

endothel ial cell damage but later work (Marshall , 1 9 7 3 ;  De Brito 

et al , 1 9 6 7 )  described endothelial cell damage . 

The fusion of the glomerular f oot processes described by 

these workers (De Brito et al , 1 96 5 ,  1 96 7 ; Marshall , 1 9 7 3 )  was 

not seen in the present work. Marshall ( 1 9 73)  also described 
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podocyte and mesangial cell changes but his studies were on sheep 

which survivied for 30 days .  

Necrosi s , whether induced by  leptospiral ' toxins ' or  hypoxia 

is probably the maj or stimulus for the accumulations of macrophages 

and in some cases Pl1N's . Lymphocyte accumulat ion and prolif era tion 

locally was mos t  likely in response to antigenic stimulus from 

leptospires . The depletion of lymphocytes from lymphoid t issue 

could be as a result of either recruitment of lymphocytes to the 

blood or site of local reac tion, or a lymphotoxic action . While 

lymphocyte c ounts in the calves showed some var iation , hams ters 
· could have very high lymphocytoses or profound lymphopaenias 

representing either increased formation and release , increased 

tissue usage, or decreased produc tion . The hypocellulari ty of the 

bone marrow is probably caused by the combined e ffec ts of increased 

demand for all haemopoietic lines and 'toxid depression of the 

marrow . 

The PMN inf iltration of the prescapular lymph nodes of . all 

c alves was thought to be due to a local reac tion to the produc t s  

of traumatised tissue resulting from daily venepuncture . Because 

precautions were taken to clean the site of inj ec tion and there 

was an absence of inflammatory lesions around the j ugular vein 

and microorganisms within the lymph node , the PMN ' s  are unlikely 

to have resulted from infection . 

Although some hamsters showed what c ould b e  considered a s  

neurological sign s , the calves showed no signs . The absence of 

brain lesions in c alves reflected other work in which pomona 

infected hams ters, while showing neurological s igns, had no brain 

lesions (Abdu & Sleigh t ,  1 965) . These authors a ttributed 

neurological signs to uraemia and electrolyte imbalance . 

Clinical pathology examinations to test f or uraemia in calves 

(Chapter 3)  showed uraemia was not present a s  Bu� levels were only 

slightly elevated . These tests were not done on hams ters . Other 

spec ies such a s  pigs ( Sleight et al , 1 96 0 )  and goats (Morse & 
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Langham, 1958) have had light perivascular cuff ing of the cerebellum 

and meninges following pomona �infec tions with no related CNS signs . 

Similarly , with an ab sence of neurological signs , Marshall et al ( 1 980)  

observed perivascular cuf f ing by mononuclear cells  in the meninges of 

grivet monkeys infected with bal. canica and tarassovi . 

TI1e lesions of the lens f ibres resembled those of early 

catarac ts (Jubb & Kennedy , 1963)  and are considered a coincidental 

f inding because they occurred in control as well as infec ted calves . 

It  has been suggested tha t leptospires may enter and remain 

•within cells for prolonged periods (Miller & Wilson , 1 9 6 6 )  and 

Miller & Wilson ( 1 962 , 196 7 )  described intraerythrocytic leptospires , 

suggesting this as a means f or dissemination throughout the body . 

Evidence from the present study suggests that in tracellular 

leptospires are rapidly destroyed . The mo;rphologically normal 

leptospires noted within cells have probably been recently 

phagocytosed or are within membrane inf oldings which if cut on a 

different plane may appear as intracellular but in fact are not so . 

The evidence for intraerythrocytic lep tospires (Miller & Wilson , 

1962 ; 1967)  was based upon the examination of few anima l s ,  and no 

evidence in support of intraerythrocytic lept ospires was found in 

this present study . I t  therefore seems unlikely that d issemination 

of l ep tospires throughout the body occurs by means of the RBC ' s  

especially as leptospires survive well in and can be readily 

cultured from plasma or serum . 

Leptospires are frequently observed in intercellular spaces 

and pass between adj acent cells . It is presumed that they bypass 

tight j unc tions b ecause they lack ' toxins ' with lecithinase and 

hyaluronidase act ivity (Marshall , 1973)  and it has been argued 

that they achieve this passage by intracellular movement .  No 

evidence for this was seer. in the present work a s  mos t  intracellular 

lep tospires were degenerate . 

Colonization of the kidney has been reported frequently in 

chronic leptospirosis (Hambdy & Ferguson , 1 95 7 ; Marshall , 1 973)  

and occurred in the two surviving calves in this series but is  

1 28 



unlikely to be due to a particular trophism for this tissue . 

Leptospires multiply and migrate through the body tissue , some 

enter the kidney tubules but as a result of ant ibody forma tion 

the organisms are cleared from all sites except the renal tubules 

where they appear to be protected (Marshall , 1 9 73) . Prior to 

antibody formation , subj ec tively the site of greatest numbers o f  

organisms appeared t o  b e  the liver . This ob servation . was also 

made by Faine ( 1 964) and Miller et al , ( 1 974) . 

Pathogenicity of leptospires is considered to be related to 

numerous fac tors (Stalheim,  1 9 7 1 )  and the calves in this experiment 

.illus trate the importance of individual animal variation in 

susceptib ility to lep tospirosi s .  Although all calves becaroe 

lep tospiraemic the degree of leptosp iral mul tiplication and hence 

presumably the quantity of ' toxin ' elaborated also varied . 

Individual variations in the response to ' toxin ' was shown by the 

presence or absence of RBC des truc tion and hepatocyte toxicity . 

An alternative explanation i s  that the levels o f  ' toxin ' elabora ted 

in vivo showed variation from calf to calf . The hamsters showed 

great er uniformity than calves in their response to infection which 

was most likely due t o  their genetic uniformity . 
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5 . 0  C ONCLUS I ON S  AND SUMMARY 

1 .  The development of lesions in spleen and liver in hamsters 

infected with bal l um strain 1045 followed an orderly sequence of 

events with some variation in the time of onset . These lesions 

developed before the appearance of large numbers of organisms . 

2 .  Initial splenic lesions in hamsters ,_consisted of the 

sequestra tion of RBC ' s  and the swelling of reticular cells . Early 

sequestration probab ly resulted from splenic detection of echinocytic 

RBC ' s  as at this s tage the animal was not yet haemoglobinaemic and 

corresponded with the increased spleen : body weight ratio . Later 

in the disease seques tered spherocytes were obvious in conj unc tion 

with haemoglobinaemia . Ultrastructural evidence for erythrophago­

cytosis was also seen in the ' toxin ' inj ected calves .  In all cases , 

the maj ority of RBC ' s  seen within the splenic circulation were 

fully haemoglobinated although morphological changes of 

spheroidicity and vacuolation were obvious .  The haemoglob inaemic 

calves showed his tological changes similar to those of the moribund 

hamsters al though slightly less severe . 

Erythrophagocytosis was increased above that of the con trols 

in the calf which did not become haemoglobinaemic yet showed s igns 

of liver disease . 

3 .  Initial hepat ic lesions in hams ters comprised periportal 

degeneration of hepatocytes and the beginnings of a portal 

infiltration of mononuclear cells . The degenera tive changes 

extended to include the centrilobular hepatocyte s .  In moribund 

and dead hams ters and the haemoglobinaemic calves ,  there was severe 

centrilobular degeneration and coagulative necrosis which were 

related to hypoxia . Increased l iver : body weight ratios occurred 

after the increase in the spleen : body weight rat io . ' Toxin ' 

inj ected calves also showed minor degenerat ive lesions of the 

hepatocytes .  Hepatocyte vacuolation was seen in the non­

haemoglobinaemic calves . 
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4 .  The renal histopathological lesions and changes in the kidney : . 

body weight ratio coincided with the presence o f  haemoglobinuria 

and were consistent histologically with changes due to haemoglob inuric 

nephrosis . Renal lesions were ab sent  in the ' toxin ' inj ec ted calves 

and minor in those calves which did not become haemoglobinaemic 

although at the t ime of euthanasia decreases in the raised GGT , AAT , 

bilirubin and BUN (Chap ter 3)  indicated recovery of the animal . 

Gross and histological appearances of the kidneys of this last group 

were characterist ic of chronic leptospirosis . 

5 .  Lesions of other tissues were minor and consisted o f  cellular 

•depletion of the bone marrow and lymphoid depletion of calf thymuses 

with petechial haemorrhage s .  Oedema and c onge s tion were seen in 

the lungs . 

6 .  Leptospires were readily seen in moribund and dead hams ters 

1 3 1  

and calves . The l iver app eared to be  the preferred site for 

multiplication of organisms because numbers her e  exceeded those in 

other sites , inc luding the kidney . Leptospires were seen in _the 

kidneys only of the non-haemoglobinaemic calves . Lep tospires were 

recovered culturally from all calves from day one or two post-infec tion 

up to the time of death in those which developed haemoglobinaemia 

or up to the time of the development of MAT ' s  in the non­

haemoglobinaemic calves . 

7 .  Colonization in the renal tubules appeared t o  result from random 

colonization rather than t issue predilec tion . Once in this position , 

the organisms are able to survive and multiply while at  other s ites , 

the organisms are killed and removed by hos t  defence mechanisms . 
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CHAPTER 6 

PATHOLOGY OF NON- HAEMOLYT IC LEPTOS P IRAL INFECTIONS 

OF CATTLE AND HAMSTERS 

1 .  0 INTRODUCTION 

A comparison of the pathology of different strains of the 

same serovar was considered important because j t  has been found 

·by other workers (Cox & Twigg ,  1 98 1 ; Hambdy & Ferguson , 1 95 7 )  

and in this laboratory by Marshall ( 1 9 7 3) that repetitive 

subculturing over a period of time can result in a loss of 

virulence of a leptospiral isolate . It was noticed with �he ball um 

strain 1 045  isolate which was used in earl ier experiments f or \mrk 

reported in this thesis that the virulence for hams ters changed 

over a period of about a year . The strain was subcul tured at  four 

to six week intervals and checked periodically for virulenc� by 

hamster inoculation . The length of time between infection and 

death of hamsters increased and the number of animals dying from 

acute RBC destruc tion decreased . Attempts  to recover a virulent 

form of the 1045 ball um organism by infec ting hamsters and 

culturing the kidneys failed . The ball um s train ' cat  1 '  is a 

reisolate of the ball um strain 1045 following a feline infec tion 

(Shophet ,  1 9 79 ) . 

Likewise , it was noticed that recent pomona isolates such 

as ' Scamp ' appeared more virulen t than isolates such as T 1 1 6  and 

79000 1 which had been subcultured in the laboratory for a number 

of years .  

The differences between strain s  of ball um which produce 

haemoglob inaemia and those which do not were considered of 

importance in order to ascertain which aspects of the disease are 

associated with the organism per se and which are due to hypoxia 

result ing from RBC des truc tion . 
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Of interest also was the comparison of pomona and bal l um 

in hamsters b ecause pomona , while causing haemoglobinaemia in 

cattle (Reinhard & Hadlow, 1 954 ; Spradbrow & Seawright , 1 96 3 )  

and sheep {Hodges , 19 74 ; Hodges et .al , 1 976 ; Millar et al , 1 9 7 7 )  

has never been associated with haemoglobinaemia in hams ters 

(Abdu & Sleight , 1 96 5 ;  Miller & Wilson ,  1 966 ; 1 96 7 ; Sanger et al , 

1 9 6 1 )  while ball um is considered haemolytic in hamsters (Frenkel , 

1 9 72) . The opportunity was also taken to make a study of 

experimental infection of cattle with serovar balcanica because 

it provided a useful comparat ive model of a non-haemolytic 

leptospiral infection in that spec ies . 

An accidental ball um infection with s train M4 /9 produced 

clinical symptoms of dizziness , severe headaches ,  nausea , and pain 

around the ear and cheek regions of a human . The pathogenesis of 

these symptoms was unknown but may have resulted from brain or ear 

lesions . Examination of brains from several species infec ted with 

pomona produced no (Abdu & Sleight , 1 96 5 )  or only minor histological 

lesions (Morse & Langham, 1 958 ; Sleight et al , 1 960) . Brains from 

pomona and bal l um infec ted hamsters were examined for the presence 

of lesions . No work has been reported as  to the effect s  of 

leptospires on the ear canals and inner ear of any spec ies . Therefore 

aural t issue f rom hamsters infec ted with ball um was also examined 

in this chap ter . The examination of . aural tissue was considered 

. important because it was necessary to determine whether or not 

organisms survived in the inner ear as they do in the lumen of the 

proximal convoluted tubules of kidneys (Faine , 1 964) . This 

persistence of lep tospires in protected sites has been considered 

as one of the explanations for periodic opthalmia reported in 

a ssociation with equine pomona infections (Bryans , 1 95 5 ;  Morter 

et al , 1 9 6 9 ) . 

No attempts  were made to trace lesion development in the 

infec tions described in this chapter . The aim was to compare the 

pathological f indings resulting from infect ions of hamsters by a 

number of strains of ball um and pomona and the infection of cattle 

with balcanica as well as to examine hamst er brains and ears for 

· lesions . 
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2 . 0  MATERIALS AND METHOD S  

2 .  1 LEPTOSPIRES 

The source of the leptospires and methods of identif ication 

and culture are described in Chapter 2, Sec t ion 1 . 1  and Table 2- 1 .  

The stra ins of leptospire used in Experiment II , the comparison 

of different strain s  of ball um,  are tabulated in Table 6-3 . The 

second subculture of bal lum strains 964 and M4 / 9  was used to 

infect hamsters two weeks after infec tion of the first group of 

hamsters in order to establish the cul ture ' s  ability f or the 

.product ion of haemoglobinaemia in preparation f or Experiment VIII . 

The strains of leptospire in Experiment Ill , the compara t ive 

pomona infec tions are tabulated in Table 6 -:1 . The strain of 

balcanica used in the cattle infec tion is described in Chapter 2 ,  

Sect ion 1 .  1 .  2 .  

2 . 2  ANIMALS 

The source ,  maintenance ,  methods of inoculation and colle� tion 

of hamster samples are described in Chapter 2 ,  Sections 2 . 1 and 3 . 1 .  
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The methods of inoculat ion and collection of samples of the balcanica 

infected cattle are described in Experiment VI,  Chapter 2 ,  Sec tion 2 . 2 . 2 .  

2 . 3  LABORATORY PROCEDURES 

2 . 3 . 1  Clinical pa thology 

2 .  3 . 1 . 1  Cattle 

Blood was c ollected for clinical pathology as described in 

Chapter 2 .  The clinical pathological examinations carried out were 

total haemoglobin , PCV , total white blood cell count , total pla sma 

protein , examinat ion of the icterus index and urinanalysis . 

The detailed description of these procedures are described 

in Chapter 3, Sec t iori 2 . 3 . 

2 . 3 . 1 . 2  Hams ters 

After infect ion the maj ority of the hamsters were f ound 

dead . Thos e  which were moribund were euthanased for humane reasons 



and l imited tests  carried out to determine the presence or absence 

of haemoglob inaemia . These tests were PCV estimation , examination 

of the plasma to estimate the icterus index and determine the 

presence or absence of free plasma haemoglobin , examinat ion of 

the blood smear for cell cytology , and total plasma protein . 

Bone marrow smears were made from the f emoral marrow of 

euthanased hamsters and the cell cytology examined as described 

in Chapter 3 ,  Section 2 . 3 . 1 . 8 . 

2 . 3 . 2  Histopathology 

All t issues for histological examination were f ixed in 

phosphate buffered 10% formal in and routinely processed as 

described in Chapter 5 ,  Section 2 . 3 . 2 .  In hamsters liver , spleen , 

kidney , one femur , lung , heart and brain were examined . Ear 

t issue was also processed from the bal l um inf ec ted hamsters in the 

following manner .  

The hams ter heads were d isarticulated at  the occipitoatlantal 

articulation , skinned and placed in phosphate buffered 10% 
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formalin for two weeks to allow adequate fixation . After removal ,  the brain 

was cut into two by a vertical ,  longitudinal , paramedian incision 

and processed routinely . In the ball um infec ted hamsters , the 

remainder of the head was decalcif ied in RD0 1 reagent until the 

bones were soft enough to be cut with a scalpel . Following 

bisect ion of the decalcified head , two incisions were made on 

either side and parallel to the ear canals and the middle and inner 

ear.  The block of  tissue between these two incisions contained 

the maj ority of the middle and inner ear intact .  A block of tissue 

was taken on either side of the f irst  block to ensure complete 

removal of the middle and inner ear . The blocks were routinely 

processed for his tological examination as before . 

Liver and kidney only were collected from the balcanica 

inf ected cattle . Preparat ion for histological examination was 

as previously described . 
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2 . 3 . 3  Ultrastructural Pathology 

Samples of liver , spleen and kidney were collected and f ixed 

as described in Chapter 5 ,  Section 2 . 3 . 3  for ultrastructural 

examinat ion by TEM. The samp les were taken from the f ir s t  three 

hamsters to become moribund from a pomona infection . This stra in 

of pomona was the ' Scamp ' isolate . RBC ' s  were also collected from 

these hams ters for SEM and TEM examination as described in Chapter 

4 ,  Sec t ions 2 . 2 ,  2 . 3 , and 2 . 4 .  Samples from two uninfect ed control 

hamsters were processed at the same t ime . 

3 . 0 RE SULTS 

. 3 . 1 CLINICAL SIGNS AND CLINICAL PATHOLOGY 

3 . 1 .  1 Cat t le 

The cattle showed no clinical signs of infection except in 
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two animals which showed a s light transient pyrexia (Appendix XXX a , c  ) .  

All clinical patl1ological parameters remained normal throughout the 

experiment .  The results are detailed in Appendices XXVII to Y.XX. 

3 . 1 . 2  Hamsters 

Clinical s igns of hamsters dying up to six days post  

infection consisted of  depression , anorexia , dehydration and 

huddling in the corner of the cage . Often no clinical signs were 

seen before death . Those hamsters dying 7 to 1 4  days post infec tion 

had clin ical signs of depression , anorexia and dehydration 

frequently c ombined with emaciation . Nervous signs consisted of 

· the rubbing of the head and sitting on the haunches with some 

moribund animals almost toppling backwards . Those animals 

euthanased on day 1 4  were apparently healthy with no clinical signs 

of infect ion . 

The PCV ' s  of those hamsters dying from acute pomona infect ions 

within six days of infection were normal or increased , as was 



the total plasma protein . The plasma was yellow and not 

haemoglobinaemic (Table 6�1 & 6-2 ) . 

Ball um infec ted hams ters dying within s ix days of infec tion 

developed j aundice and had haemoglob inaemic plasma while those 

dying 7 to 1 4  days post infection had n ormal or slightly low PCV ' s  

with no j aundice or free plasma haemoglobin .  Strain 9 6 4  appeared 

to lose while M4 /9 retained the ability to produce haemoglobinaemia 

following a further subculture (Table 6 - 3) . 

Pomona and ballum infected hamsters euthanased 1 4  days post­

• infection had normal PCV ' s and plasma charac teristics . 

All hamsters dying of non-haemoly t ic l eptospirosis had 

increased numbers of myeloid cells with depletion of mature and 

band myeloid cells in the bone marrow. 

Those hamsters euthanased 14 days post infection had nornal 

marrow cytology . 

3 . 2  GROSS PATHOLOGY 

3 . 2 . 1 Cattle 

No gross lesions were observed on post mortem examination . 

3 . 2 . 2  Hamsters 

On the basis of lesions noted a t  post mortem examination , 

ball um infec ted hamsters may be divided into three groups ; namely 

those dying within s ix days , 7 to 1 3  days, and those euthanased on 

the 1 4 th day . The pomona infected hams ters could be d ivided into 

two group s ,  those dying of acute inf ec tion within s ix days and 

those euthanased at 14  days showing no clinical signs . 

The lesions in hamsters dying within six days of ball um 

infections are described in Chapter 5 ,  Section 3 . 1 . 2 . 2 .  

Those hamsters dying within six days of acute pomona infections 

were less j aund iced than those dying within six days of ball um 
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Table 6� 1 Clinical pa thol ogical data from euthanased hams ters 
infected with pomona in Experiment I l l  

Hamster Pomona s train PCV I I  TP (g/ 9..) 

1 Controi 0 . 46 0 56 
2 Con trol 0 . 46 0 60 

1 ' Scamp ' 0 . 58 5 0  7 6  
2 ' Scamp ' 0 . 59 50 86 
3 ' Scamp ' 0 . 53 2 5-50 66 

1 79000 1 0 . 64 50 50 
2 790001 0 . 62 25 48 
3 790001 0 . 45 1 0  5 2  

1 T l 1 6  0 . 46 0 60 
2 T l 1 6  0 . 45 0 62 
3 T l 1 6  0 . 4 1  0 58 
4 T l 1 6  0 . 44 0 6 1  
5 T l l 6  0 . 49 0 60 
6 T l 1 6  0 . 50 0 58 
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Table 6-2 Summary of c l inical data from the hams ters infected wi th 
pomona : Experiment Ill , a c omparison of three strains . 

Strain of 
pomona 

No . of hamsters­
infected 

No.  of hamsters 
found dead 

Date of death 

No. of hamsters euthanased 
due to display of clinical 
signs 

Date of euthanasia 

Presence of j aundice at 
euthanasia 

Presence of 
haemaglobinaemia at 
euthanasia 

No . of hamsters surviving 
to 14 days showing no 
clinical signs and 

euthanased 

' Scamp ' . 

6 

3 

Day 3 

3 

Day 4 

6 

none 

0 

79000 1 T l l 6  

6 6 

3 0 

Day 4 

3 

Day 5 Day 1 4  

6 0 

none none 

0 6 

14 1 
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Table 6 -3 Summary of clinical data from the hamsters infected with 
bal l um :  Experiment II , a comparison of f ive strains . 

Bal l um 964 964 1045 M4 /9 M4/9 924 ' Ca t  1 '  
isolate 

* 1  **2 *1 **2 

Total no . of 
infected hamsters 7 7 7 6 8 7 7 

No . of hamsters 
found dead 6 5 7 3 6 4 0 

-No . of dead 
hamsters showing 
haemolyt ic lesions 5 1 1 3 5 2 0 

No . of dead 
hamsters not 
showing haemolytic 
lesions 1 4 6 0 1 2 0 

No . of hamsters 
euthanased due to 
display of c linical 
signs 1 1 0 3 2 2 0 

No . of hamsters 
euthanased and 
showing 
haemoglobinaemia 0 0 0 3 2 0 0 

No . of hamsters 
surviving to 14  days 
with no c l inical 
signs 0 1 0 0 0 1 7 

Total no . of  
hamsters with 
signs of  
haemolysis 5 1 1 6 7 2 0 

* Subculture 1 

** Subcul ture 2 
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infections . The l ivers were either red , or  pale with red  mottl in g ,  

and were slightly enlarged . The spleens although slightly reddened , 

were of a normal size . The kidneys were reddened , enlarged and 

friable with small red f oc i .  There was a small amount of fluid 

in the body cavities and the occasional petechial haemorrhages 

in the peritoneal and thoracic serosal surface . 

Hamsters dying of bal l um 7 to 1 3  days after infection were 

non-jaundiced , emaciated , had darkened musculature with occas ional 

petechial haemorrhages and body fat had been resorbed . The l iver 

appeared grossly normal while the spleen was often pale and atrophied . 

The kidneys were pale and misshapen but o f  approximately normal size . 

The only gross  lesions seen in the hams ters which survived to 

14 days following infec tion with bal l um and pomona were pale and 

misshapen kidneys . 

Table 6- 3 summarizes the results f rom hamsters infected with 

f ive strains of bal l um and Table 6-2  summarizes the result s  from 

hamsters infected with three s trains of pomona . Those inf ected 

with strain ' Scamp ' died earlier than those  with 79000 1 and T l 1 6  

infections . 

3 . 3 .  CELLULAR PATHOLOGY 

3 . 3 . 1 Histopa thology 

3 .  3 . 1 . 1 Liver 

a) Cattle 

Small infiltrations of mononuclear cells were seen 

around some portal areas . 

leptospires were seen .  

b )  Hamsters 

Very l ittle haemosiderin and no 

In hamsters which died within six days of infec tion by 

pomona , the hepatocytes were swollen with complete loss of the 

normal foamy appearance to the cytoplasm (Fig . 6- 1 ) . Thft cell 

boundaries were indistinc t with hepatocyte dissociation in some 



regions leading to d isruption of the hepatocyte cords . There was 

obliteration of the sinusoids by swollen hepa tocytes in some 

regions and widening of the s inusoids in o thers . In moribund 

animals there was extensive swelling and hydropic degeneration . in 

centrilobular hepatocytes which resulted in the cytoplasm having 

a lacey appearance (Fig . 6- 2 ) . In others , the cytoplasm had a more 

granular appearance and Counc ilman body-like structures were seen in 

hepatocytes in some sec t ions . 

Infiltration of portal areas by mononuclear cells and 

coagulative necrosis of hepatocytes occurred but was not as 

• extensive as in livers  from hamsters infected with ball um in which 

haemoglobinaemia was severe.  

Glycogen was absen t  in hepatocytes and haemosiderin deposits 

were not present in Kupf fer cell s .  

Many leptospires were seen between hepatocytes , some within 

b lood vessels and the occasional leptospire was intracellular in 

hepatocy te s .  

Those hamsters dying o f  ball um infection within six days had 

histological lesions s imilar to those described in Chap ter 5 ,  Sec tion 

3 . 3 . 1 . 2  (a) . 

The histopathological lesions of the hams ters dying of ball um 

infections 7 to 1 3  days post infection were similar to the lesions 

of pomona infected hams ters dying within s ix days of infection . 

In many of these animals ,  particularly those which died towards 

14 days than normal 

within hepatocytes and Kupffer cells . This haemosiderin stained 

more darkly and was more granular than that in l ivers from 

haemoglobinaemic hamsters . There was a comp lete lack of �ycogen 

in the hepatocytes . Livers from animals which d ied seven to ten 

days post-infection c ontained leptospires and i.t was noted that 

those
.
hamsters which l ived longer had fewest  organisms . Those 

dying 1 1  to 13 days post-infection contain ed very few or no 

organisms . 
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The pomona and bal l um infected hamsters euthanased 14  days 

post-infec tion had only minor hepat ic lesions . These included 

the slight loss of the foamy appearance to the cytoplasm , random 

focal areas of PMN inf iltration and small mononuclear inf iltrations 

in por tal regions . Macrophages , some lymphocytes , and PMN ' s  were 
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a l s o  f ound scattered through the parenchyma . Glycogen and haemosiderin 

concentrations were normal and no leptospires were seen . 

3 .  3 . 1 .  2 Spleen 

In hamsters dying within s ix days of infect ion by pomona 

s train ' Scamp ' there was hyperplas ia of the lymphoid follicles . 

· Increased numbers of small lymphocytes were present around the 

periphery of the lymphoid follicles and within the sinusoids of 

the red pulp . Aggregations of PMN 's we.re observed wi thin the spaces 

between the reticular cords of the red pulp . The ret icular cells 

forming the c ords of the red pulp were swollen .  The degree of 

extramedullary erythropoiesis was normal . 

In animals infected with pomona s train 7 9000 1 death occurred 

later than the ' Scamp ' strain (Table 6-2) . There was a greater 

degree of inf iltra tion of the s inusoids of the red pulp by 

PMN � and macrophages . The macrophages were large and the cytoplasm 

contained cellular debris and pyknotic nuclei . The erythrophago­

cytosis charac teristic of spleens from haemoglob inaemic animals 

was not seen . There was depletion of lymphocytes from the lymphoid 

follicle s .  

Spleens f rom hamsters infected with bal l um and dying within 

six days were similar histologically to those described in 

Chapter 5 ,  Section 3 . 3 . 2 . 2 (a) . 

In those hamsters dying of ballum inf ec tions 7 to 1 3  post­

inf ec tion there was widespread necrosis of reticular cells of the 

red pulp and in these area s , cell debris , and numerous macrophages 

often c ontaining cell debris , PMN ' s  and pyknotic nuclei were presen t .  

The lymphoid follicles were depleted o f  lymphoid cell s . Although 

over t  RBC destruction as j udged by the ab sence of haemoglob inaemia 



was absent , there was increased erythrophagocytosis . Some spleen s ,  

particularly o f  those hamsters infec ted with strain 1 045 , 

contained more haemosiderin than normal - in macrophages of the 

lymphoid follicles and red pulp . The haemosiderin in macrophages 

of the lymphoid follicles and red pulp was darker sta ining and 
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more granular than haemosiderin seen in spleens from haemoglobinaemic 

animals .  The lymphoid atrophy and atrophy and necrosis of the red 

pulp was more extensive in those dying ten days or more post-infec tion . 

In the hamsters infected with ball um and pomona and surviving 

to 14 days post-inf ec tion with no clinical s igns of illness 

· (Tables 6:-2 , 6.:.... 3). haemosiderin content of the splenic macrophages 

was normal .  

Many leptospires were seen in all spleens from pomona and 

ball um infec ted hams ters up to ten days post-infection , f eHer 

1 1  to 1 3  days  post-infection and none in those animals which were 

euthanased a t  14  days with no c linical signs of disease . 

The hamsters infec ted with ball um and pomona and euthanased 

14 days post-infec tion showed only minor splenic changes which 

consisted of the occas ional areas with necrotic cells , pyknotic 

nuclei and macrophages containing· cell debris . Ha·emosiderin 

content was normal and no leptospires vis ib l e .  

3 . 3 . 1 . 3  Kidney 

a )  Cattle 

Small inf iltrations of mononuclear cells were seen in 

the inters tit ium. No leptospires were seen . 

b )  Hamsters 

The renal proximal tubules of hamsters dying f rom pomona 

infec tions within six days of inf ec tion showed degenerat ive changes 

of the epithelial· cells consisting of loss of the brush border , 

vacuolation and in some cases disintegration and desquamat ion of 

the epithelial cells (Fig 6-3) . A pale eosinophilic proteinaceous 

material was seen in many tubules and Bowman ' s  capsule , the 

intensity of colour increasing distally in the nephron . Adj acent 



tubules could show widely differing degrees of degenerative changes 

in the epithelial cell s ,  ranging f rom slight swelling and 

vacuolation to necrosis and desquamation off the basement 

membrane . Vacuoles in epithelial cells of some proximal convoluted 

tubules often contained protein (Fig . 6- 3 ) . In some cases the 

desquamated cells formed casts within the tubule lumina . Glomerular 

changes were minor and consisted of distention of the Bowman ' s  

capsule with an eosinophilic fluid . Infiltrations of varying 

density by mononuclear and PMN cells -.;,;rere seen in the interstitium . 

Large numbers of leptospires were seen in the interstitium and 

between epithelial cells of tubules with f ew organisms within 
• tubule lumina.  The numbers of lep tospires did not appear to be 

a s  large as within liver sec tions . Lep tospires did not form the 

large colonies which were seen at the corticomedullary j unc tion o f  

ball um infected hamster s .  

The his topathological lesions of hamsters infec ted with 

ball um and dying within s ix days are described in Chap ter 5 ,  

Sect ion 3 . 3 . 3 . 2 (a) . 

The bal l um inf ec ted hamsters dying 7 to 1 3  days post infect ion 

showed severe renal changes . A homogeneous pale eosinophilic 

material often c ontaining RBC ' s  was seen within the urinary spaces 

of some Bowman ' s  capsules and tubules ,  s imilar in appearance to 

that of pomona infected hamsters dying within six days of infect ion . 

Accumulations of mononuclear cells were seen around glomeruli ,  between 

tubules and around blood vessels with some extremely large mononuc lear 

and PMN inflitrations in the pelvis .  Haemorrhage into some 

glomeruli and tubules was occasionally ob served . Ball um strain 1 045 

showed more severe tissue destruc tion and haemorrhage within the 

interstitium of the kidney . In two animal s  infected with strain 

964 and euthanased on .day . 1 1  and four animals inf ected with s train 

' c a t ' l and euthanased on day 14 there was calcif ication of cellular 

debris . Leptospires were seen within the interstitium, migrating 

between epithelial cells and within the lumina of tubules . Larger 

colonies of organisms were found at the corticomedullary j unction . 
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The hamsters infec ted with bal lum and pomona and euthanased 

at 14 days had renal lesions of varying severity . Some animals had 

only small infiltra t ions of mononuclear cells in the interstitium 

while others had very large infiltrations in the inters titium and 

around blood vessels .  In the more severely affected kidneys 

there was calcif icat ion of necrotic debris . No haemosiderin was 

seen and leptospires were observed only within the lumina of the 

proximal convoluted tubules . 

3 . 3 . 1 . 4  Bone marrow 

All animal s  dying as a result of leptospirosis had 

hypocellular marrows . There was an almost c omplete lack of mature 

PMN and band neutrophils with an increase in myeloblasts . Some 

leptosp ires were seen within sinusoids of the marrow .  Haemosiderin 

was usually absent . 

Marrow from all animals euthanased at  1 4  days appeared norma l .  

3 , 3 . 1 . 5  Lung 

Lungs from hams ters dying from ball um and pomona infec tions 

were congested, had a honogeneous eosinophilic proteinaceou� fluid 

in the alveoli and some contained large numbers of WBC ' s  within the 

blood vessels . Intra-alveolar RBC ' s  were seen in large numbers in 

all hams ters which had been euthanased . The intra-alveolar RBC ' s 

resulted from inhalation of blood following euthanasia.  

Lungs from hamsters euthanased at 1 4  days were normal apart 

from intra-alveolar RBC ' s .  

The occasional leptospire was seen in the lungs of hamsters 

dying within six days and organisms were seen in the blood vessels . 

3 . 3 . 1 . 6  Brain 

One ball um infec ted hamster euthanased seven days post­

infection had perivascular cuf f ing of some meningeal blood vessels 

by mononuclear cells . No organisms were seen within brain tissue 

but occasional organ isms were seen within b lood vessels of hamsters 

less than six days post-infection . 
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3 .  3 . 1 .  7 Ear 

No h istopathological  lesion s  were seen within the middle or 

inner ear . Leptospires were occas ionally seen in blood vessels 

and in large numbers in the sinuses of the petrous t emporal bone 

of hamsters less than six days after infection with fewer seven to 

ten days post-infection . 

3 . 3 . 1 . 8  Cardiac muscle 

Apart from some pale staining bundle s  of muscle f ibres , the 

cardiac m1,1scle normal . Leptospl res were not 

seen within the muscle t issue but were occasionally observed in 

blood vessels and the heart c.hamber s .  

3 . 3 . 2 Ultras truc tural pathology 
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Description o f  l iver , spleen and kidneys from control hams ters 

are given in Chap ter 5 ,  Sections 3 . 3 . 1 . 1  (b) , 3 . 3 . 2 . 1 (b )  and 3 . 3 . 3 . l (b ) . 

3 . 3 . 2 . 1 Liver 

There was S\velling and disorganisation of the endoplasmic 

reticulum with loss of ribosomes and the format ion of vacuoles (Figs . 6-4 , 

6-5 ) in the l es s  severely affec ted hamsters 2 and 3 .  In all 

hamsters there was swelling of mitochondria with the cristae coming 

to l ie parallel to the outer mitochondrial membranes (Figs. 6-4 . 6-5 ) 

Vacuolation also occurred within the mitochondria (Fig . 6-5 ) . 

The dilatation of tre endoplasmic reticulum in the more severely 

affected hepatocytes of hamster 1 produced a lacey appearance 

(Fig . 6-6) . There was dilatation of the nuclear membrane (Fig . 6-6 ) . 

Progressive mitochondrial degenerative changes were often present 

in the s ame cell (Figs . 6-5 ,  6-6 ) and were recognised as swelling , 

vacuolation , and f inally disintegration or the f ormat ion of dense 

bodies (Figs . 6-5 , 6-6 , 6-8 ) . Tubular or round struc tures (Fig . 6-7)  

seen within s ingle membrane lined vacuoles and some of the myelin 

forms were considered to be  mitochondrial remains . In some cells 

vacuoles appeared to bul ge into neighbouring vacuoles as if about 

to empty into them (Fig . 6-7) . 



Leptospires were of ten seen between normal hepatoc.y tes 

and were noted in infoldings of the basement membrane (Fig . 6-9 ) . 

Intracellular leptospires were uncommon , were present in 

intracellular vacuoles and were u sually degenerate . Extracellular 

and intracellular organisms were similar in appearance to those 

described in Chapter 5 ,  Sec ti·on 3 . 3 . 1 . 2  (b) . 

3 . 3 . 2 . 2 Spleen 

While there was some erythrophagocytosis , the amount was 

not increased above that of the c ontrol animals . RBC ' s  within the 

sinusoids and blood ves sels had normal morphology . 

Swelling of the reticular cell s  produced ' blebs ' s imilar to 

those described in Chapter 5 ,  Section 3 . 3 . 2 . 2  (b) , was seen in all 

animals , and was mos t  severe in hamster 1 .  Necrosis of the red 

pulp and presence of cellular debris was not as marked a s  in the 

haemoglob inaemic animals . 

Leptospires were frequently seen within macrophages (Figs . 

6- 1 0 ,  6- 1 2 ,  6-13) . The most frequent type of leptospiral inclusion 

consisted of the organism within a membrane-bound vacuole . Many 

such vacuoles were observed within some macrophages with the 

leptospires in different stages of degenerat ion . In mos t cases 

the organism was tightly coiled (Fig s .  6- 1 0 ,  6-1 1 ,  6- 1 2 ,  6- 1 3) and 

there was progressive loss of the normal struc ture . Membranous 

formations orientated parallel to the organisms were present  and 

increased in number in proportion to the degree of degenera tion 

of the organism. The final produc t of leptospiral digestion 

consisted of a vacuole containing elec tron dense linear prof iles 

(Fig . 6- 1 1 ) . Degenerate leptospires were occasionally seen in 

unlined vacuolar spaces containing the organism and unidentified 

cell debris (Fig . 6- 1 4 ) . 

The macrophages which contaii).ed large numbers of organisms also 

contained many abnormally shaped mitochondria ( Fig . 6- 1 2 ) . Some 

of these mitochondria were circular , o thers horseshoe shaped , and 
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area of cytoplasm which stained less densely than the rest of 

the cytoplasm (Fig . 6- 1 2 ) . Some macrophages also contained 

vacuoles , b ound by a double membrane with discrete membrane 

bound bodies and vacuoles in a more densely sta ining cytoplasm 

(Fi g . 6- 13) . 

3 . 3 . 2 . 3  Kidney 

Ultrastructural lesions were mostly conf ined to the 

epithelial cells of the proximal convoluted tubules .  Degenerative 

changes of swollen cells with the format ion of 'b lebs ' occluding 

the tubular lumen (Fig . 6- 1 7 )  and loss of microvilli from the 

.epithelial cells (Fig.  6- 1 5 )  were common . Shrinkage of the 

epithelial cells associated with widening of the tubular lumen was 

occasionally seen . Dilatation of apical tubules and vesicles , 

mitochondrial degeneration a s  shown by the loss of the internal 

mitochondrial struc ture (Fig . 6- 1 6 )  and swelling of the 

endoplasmic reticulum, the latter often in a circular f orm (Fig . 

6- 1 6 )  were also features of degenerate c ells . Cellular debris 

was of t en present in the tubular lumen ( Fi g .  6- 1 5 ) . 

Leptospiral organisms and their migration were similar to 

that described for haemoglobinaemic animals  in Chapter 5 ,  

Section 3 . 3 . 3 . 2 (b ) . 

Glomerular oedema and endothelial c ell dama�e was minor 

and similar to that seen in hamsters infected with bal l um which 

are described in Chapter 5 .  

Ultrastructural changes to the distal c onvoluted tubule were 

less severe than those in the proximal convoluted tubules and 

consisted of the formation of vacuoles and the presence of cell 

processes or fragment s  in the tubular lumina . 

All RBC ' s  seen in the blood yes sels of hams ters inf ec ted with 

pomona were of normal morphology . 
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The following figures illustrate the histological and 

ultrastruc tural lesions in hams ters infected with the 

' Scamp ' s train of pomona (Experiment Ill) . The differences 

in acute fatal leptospiral infec tions of hamsters which are 

not assoc iated with RBC destruc t ion and haemoglobinaemia 

and acute fatal leptosp iral inf ect ions of hams ters and 

calves which are assoc iated with RBC des truction may be 

seen by the c omparison of the following f igures with 

those of Chapter 5 .  



Fig 6 - 1  

Hepatocyte dissociation with vacuolation and loss o f  the 

normal ' foamy ' a ppearance to the hepatocyte cytoplasm in 

the l east affec ted hamster . 

Hamster 3 H&E 1 00x 

Fig 6-2  

Vacuolation of hepatocyte cytoplasm resul ting in a ' lacey ' 

appearance to the cells in the mos t  severely affec ted hamster . 

Hamster 1 H&E 200x 

Fig 6-3 

Renal c or tex showing degenera tion of the epithelial cells 

of the proximal convoluted tubules . Homogeneous inclus ions 

(arrows )  are seen within epi thelial cells and a homogenous 

ma terial (M) is present  within the tubular lumina . 

Hams ter 1 H&E · 200x 





Fig 6-4 

Hepatocyte from a hamster demonstrating swelling of mitochondria 

with margination of cristae (arrows) . Dilatation of the 

endoplasmic reticulnm and vacuole (V) format ion are also 

presen t .  

Hamster 2 TEM 1 0 , 5 00x 

Fig 6-5 

Hepatocyte demonstrat ing swollen and distorted mitochondria . 

Cristae are displaced to the periphery of the mitochondria . 

Hitochondrial vacuoles (arrows) are obvious and in some 

cases mitochondrial shr�nkage (M) is present . 

Hamster 1 TEM 1 7 ,  500x 





Fig 6-6 

Extreme dilatation of the endoplasmic reticulum (D) and 

swelling of the space in the perinuclear membrane (M) 

are seen . All mitchondria are degenerate with some 

appearing f ragmented (arrows ) . 

Hamster 1 TEH 1 0 , 500x 

Fig 6-7 

Vacuoles in a severely affec ted hepa tocy te .  One vacuole 

appears to be emptying into another (arrow) . Tubular and 

round s tructures ( S )  are seen within vacuoles and may 

be remnants of mitochondria or other organelles . 

Hamster 1 TEM 2 2 , 500x 





Fig 6-8 

Disintegration of hepa tocyte mitochondria producing 

intracellular debris within a vacuole (V) . Margination 

of mitochondrial cristae (arrows ) and mitochondrial 

vacuoles (MV) are present . 

Hamster 1 TEM 2 5 , 000x 

Fig 6 -9 

Viable extracellular leptosp ire (L) within an infolding 

of the hepa tocyte membrane (arrow) . If sectioned in a 

different p lane , this organism may appear to be 

intracellular .  

Hamster 2 TEM 46 , 000x 





Fig 6-10  

Splenic macrophage c ontaining a number of lep tospiral 

organisms in varying s tages of degradation within membrane­

bound vacuoles (arrows ) . As degradation proceeds the 

leptospires become more dense with the loss of the granular 

cytoplasmic s truc ture . Elec tron dense l inear prof iles (L) 

are formed as an end result .  An intracellular RBC (R) is  

a"lso seen . 

Hamster 1 TEM 1 7 , 500x 

Fig 6- 1 1  

High power area from above electron-micrograph demonstrating 

difference s  in degradat ion of lep tospires in two adj acent 

vacuoles . In the more advanced stage of degradat ion , 

electron dense linear prof iles (arrows) appear to outline 

the original position of the leptospir e .  

Hams ter 1 TEM 46 , OOOx 





Fig 6- 1 2  

Splenic macrophage demonstrating circular o r  horseshoe shaped 

mitochondria (M) . The concave surface of the mitochondria 

encloses a more elec tron-translucent portion of cyto?lasm. 

Dilatat ions of mitochondrial cristae (arrows ) are frequent . 

A number of leptospires (L) in varying stages of degeneration 

are seen within membrane-bound vacuoles . 

Hams ter 1 TEM 1 7 , 500x 

Fig 6- 1 3  

Splenic macrophage c ontaining a discrete body (B)  bound by 

a double membrane which encloses cy topl�m of greater elec tron 

density and smaller inclusions (I )  of differing elec. tron 

den sities . A RBC (R) , a membrane-bound easily recognisable 

leptosp ire (L ) and a membrane-bound inclusion (M) containing 

elec tron dense linear profiles which are considered to be a 

complet ely degraded leptospire are also seen . 

Hamster 2 TEM 25 , OOOx 





Fig 6- 1 4  

Splen ic macrophage containing unrecognisable cellular debris 

(D) and a degenerate lep tospire (s)  (L) within a non-membrane 

b ound vacuole . 

Hams ter 1 TEM 25 , 000x 

Fig 6 - 1 5  

Apical region o f  an epithelial cell from a proximal 

coHvoluted tubule ·showing disintegration and loss  of 

microvilli (arrows ) and the presence of cellular debris 

(D) within the tubular lumen . 

Hamster 2 TEM 1 7 , 500x 





Fig 6- 16  

Apical region of an  epithelial cell  from a proximal convoluted 

tubule . A disintegrating mitochondrion (M) shows loss 

of cristae . Smooth endoplasmic reticulum appears to form 

c ircular f orms (arrows) .  Numerous vacuoles (V) , are seen 

possib ly resulting f rom svmllen endoplasmic reticulum or 

degenerate mitochondria . 

Hamster 2 TEM 2 5 , 000x 

Fig 6- 1 7  

Leptospire (L) migrat ing between two epithelial  cells 

of a proximal convoluted tubule . Cytoplasmic ' bleb s ' 

( B )  are present . 

Hamster 1 TEM 1 7 , 5 00x 





,4 . 0  D I SCU S S ION 

Following inf ection , leptospires mul tiply within . the b lood 

stream then localize in the tissue s .  Whe ther the animal s  live or 

die and the t ime after infect ion at which they die depends upon 

the resis tance of the animal and the s train of the infective 

organism .  The c l inical and pathological aspec t s  o f  infec tion b y  

s trains of leptospire produc ing haemoglobinaemia have been discus sed 

in p revious chapters . Death as a resul t of RBC des truc t ion occur s 

within f ive to s ix days of infection in both calves and hams ters 

but if the RBC ' s  of hamsters are insusceptible to the leptospiral 
· • toxins ' or the hamsters are protec ted from the multip lying or ganisms 

by adminis tration of sulphadiazine (Frenkel 1 97 2 ) , then death may 

occur later from kidney and l iver diseas� . While the RBC ' s  of 

the hams ter appear to be insusceptible to the pomona ' toxins ' 

which cause haemolysis of calf RBC ' s , the hams ters may be quite 

suscep tibl e  to infec t ion ,  dying within. a week with acute hepatitis 

and nephritis . These and other less severe manifes tations of 

leptospirosis , not associated with ��������� 
the present  experiments . 

occurred in 

Previous descrip tions of the histological (Abdu & S leight , 1 965 ; 

Sanger et al , 196 1 )  and ultrastructural les ions (Miller & Wilson , 

1 966 ; 1 96 7 )  seen in pomona infections, of  hamsters are similar to 
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those described in these studies , while descript ions of ball um infections 

of hams ters are scarce and involve only strains of the organism which 

produc ed a haemolytic disease (Frenkel , 1 9 7 2 )  with no mention of 

strains which did not have this charac teris tic . 

The difference in severe l iver les ions be tween hams ters 

infected with pomona and bal l um appears to be related to the presence 

or ab sence of hypoxia caused by loss of RBC ' s .  In order to s tudy 

the effec t s  of leptospiral 1 toxin s ' upon tissues other than RBC ' s  

there appeared to be advantages in using s trains of organism which 

do not produce haemoglobinaemia b eeause hypoxia is  not  under these 

c ircums tances l ikely to be a comp licating fac tor . 



Following initial multiplication, there is  localization 

of the organisms in the various organs with the liver 

appearing to be the preferred s ite for mult ip l ication as j udged 

by the number of leptospires seen in the sec t ions . This is 

also r eported by other workers (Faine , 1 964 ; Miller et al , 1 9 74) . 

Faine ( 1 96 4)  suggested that the lep tospires were incapable of 

initiating a t issue response to their presence resulting in 

inadequate phagocytosis of lep tospires which would otherwise 

prevent spread of the ' virulent ' - �� The present results 

do not fully support these claims as hepatic phagocytosis of  

leptospires did occur . However , in comparison with phagocy tosis 

• of leptospires in spleen ,  that noted within the liver was less 

f requent . Other hepatic factors may be important and Miller 

& Wilson ( 1 966)  postulated that b ile released from damaged 

bile canniculi may b e  responsible f or decreasing leptospire 

numbers within the l iver . Phagocytosis of  ' virulent ' leptospires 

has been described by other workers (Faine , 1 964 ; Faine et al , 

1 964 ) . The c ircular mitochondria no ted in the splenic macrophages 

have been hypothesized as resulting from increased macrophage 

activity , the larger surface area of the mitochondria resul t ing 

in increased metabolite exchange (Stephen & Bil s ,  1965 ) . 

Several histochemical studies have shown that alterations 

of normal hepatocyte metabolism occur before histological lesions 

can be ob served or leptospires seen within the liver . Such 

f indings ind icate that the changes are functional disturbances to 

the cells (Arean , 1 962b; Arean & Henry , 1 96 4 )  and may involve 

interference with such enzyme systems as the pentose phosphate 

pathway (Arean & Henry , 1 964). They add further support t o  the 

hypothesis that leptospiral ' toxins ' rather than the ac tual organism 

induce the lesions (Miller & Wilson , 1 96 6 ) . Further support for the 

presence of a ' toxin ' has been provided by the observation of Knight 

et al , a 9 7 3 )  that whole b lood and plasma from animals  infected with 

' virulent ' pomona and icterohaemorrhagiae organisms contain a 

factor which has a cytopathic effect on cell cul tures and kills 
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mice following intracerebral inoculation while inoculat ions 

of cell cultures with plasma from hamsters infec ted with ' avirulent ' 

pomona , biflexa and P.  mul tocida does not have a cytopathic effec t .  

While hepatic lesions were seen only in those animals which 

died from leptospirosis , renal lesions were  seen in mos t  animals . 

Varying degrees of interstitial nephritis were seen in cattle and 

hams ters which survived the disease . Hamsters showed the mos t severe 

changes . However , even in the mos t  severely affected animals 

suff ic ient functional renal t issue remained for survival of the 

animal at that time . The survival of hams ters following pomona 

·infect ions has also been reported by Miller & Wilson , ( 1 966 ; 1 96 7 ) . 

In dead and moribund hamsters , large numbers of organisms 

were seen in the kidney sec t ions , the numbers being f ewer than 

in the l ivers from the same anima l s .  A possible explanation was 

that the kidney was a less ideal p lace f or leptosp iral multiplicatior. . 

Movement of lep tospires into the tubules appeared to be random 

because the organisms were found initially in collecting ducts , 

capillaries and the interstitium as wel l  as in proximal and distal 

c onvoluted tubules . However in those animals euthanased at 14 days 

or later , organisms were found only in the proximal convoluted 

tubules . Lep tospiraemia was probably terminated by the development 

of serum antibody (Taylor et al , 1 9 7 0 )  and leptospires remained in 

the renal tubules because in this position they are thought to be 

in some degree protec ted from host defence mechanisms (Faine , 

1 964 ; Marshall , 1 9 7 3 )  and thus could survive and mul t iply . It  is 

presumed that the proximal convoluted tubules provide a bet ter site 

for lep tospiral survival b ecause in those animals which were long 

term carriers , the organisms were located in the proximal convoluted 

tubules although the factors influencing survival are undef ined 

(Marshall,  1 9 7 3 ;  1 9 74 ; 1 9 76 ) . As in the l iver , the earliest renal 

changes were thought to result from al terations in enzyme function 

(Arean , 1962b ; Arean & Henry , 1 964 ) brought about by ' toxins ' or 

non-specific effects result ing from hypovolaemia and renal 
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hypoxia ( Sitprija et al , 1 9 80 ) . Hypovolaemia was thought to 

result from the leakage of f luid and b lood following vascular 

damage (De Brito et . al , 1 9 7 9 ; Sitprij a et al , 1 980) . Vascular 

damage recognised by ul trastruc tural lesions of the glomerular 

endothelial cells was seen in both pomona and bal l um (Chapter 5 )  

infect ions of hams ters . The his tological les ions of dilatation 

of the Bowman ' s  cspsule by a pale eosinophilic material was evidence 

of increased f iltration of protein . Haemorrhage in the kidney was 

also seen . Degeneration of the mitochondria was very obvious 

and has been noted under hypoxic condit ions in the liver by other 

�orkers (Glinsmann & Eric sson , 1 966 ) . In this lat ter work, 

degenerate mitochondria were associated with curved endoplasmic 

reticulum .  In the present studies of  proximal convoluted 

tubular epithelium, curving of the endoplasmic reticulum was also 

seen and although it could not be  direc tly associated with a 

degenerate mitochondrion , degenerate mitochondria were seen in 

the same cell . Although . disintegra tion and loss of the microvilli 

was seen in the acute pomona in fect ions and ball um infec t ions , 

(Chapter 5 )  of hamsters and pomona infec tions of calves (Chapter 5 )  

the microvilli with bulbous tip s described by Marshall ( 1 9 7 3 ; 1 974)  

were not seen . 

The func tion of the mononuclear infil trates of both the liver 

and kidney is not known . There is no evidence to support the 

ob servation that the nephritis is assoc iated with an autoimrnune 

reaction (Sitprij a et al , 1 980) . Immunological studies have 

demonstrated discrete organisms within tubules , as granular 

deposits within macrophages and as extracellular debris associa ted 

with c ellular infiltrates (Morrison & Wright , 1 9 7 6 ; Taylor et al , 

1 9 7 0 ) . It  would appear therefore that the function of the cellular 

inf iltrate is phagocytosis or antibody produc tion and cell mediated 

immunity . Infiltrates resul ting from immune reac t ions are more 

l ikely to be represented in the chronically affec ted animals 

b ecause in those dying less than a week pos t-infec t ion there is 

probably insuff ic ient time for any noteworthy response to develop . 
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Haemorrhage in the kidneys was noticed more particularly in 

ball um infec tions , with strain 1 045 showing mos t  extens ive haemorrhage . 

Haemorrhage has been repor ted in pomona - infec ted hams ters ( Sanger 

et al , 196 1 ) , guinea pigs (De Brito et al , 1 966 ; 1979 ; Higgins & 
Cousineau , 1 9 7 7a) ; in cattle (Dodd & Brakenridge , 1 9 60)  and dogs 

inf ec ted with icterohaemorrhagiae (Bloom, 1 94 1 ; Low et al , 1 956 ; 

Monlux , 1 948b ) ; and ca ttle infected with bratisl avia (Fennestad 

et al , 196 7 )  and szwajizak (Nerv ig et al , 1 9 7 8 ) . The erythrophago­

cytosis and excess haemosider in ob served in the spleens of animals 

infected with strains of bal l um causing no overt haemoglobinaemia 

were c onsidered to be mo st l ikely the result of extravasation of 

RBC ' s  from damaged endothelium rather than the removal of ' toxin ' 

damaged or lysed RBC ' s  in c irculat ion because the RBC les ions 

s een in haemolytic infec tions and described in earlier chap ters 

were not noted . However , it  is possible that changes may have 

occurred within the RBC which were not detec ted by electron microscopy 

but which nevertheless could be detected by the spleen . An examp le 

of morphological changes of RBC ' s  which did not result in 

haemoglob inaemia was seen in the human case of ball um (Chapter 

4 ) . Erythrophagocytosis of extravascular RBC ' s  has been described 

in o ther haemorrhagic infec t ions such as icterohaemorrhagi ae 

infections in guinea pigs (Higgins & Cousineau , 1 9 7 7b ) . The mild 

to moderate anaemia repor ted in dogs infec t ed with canicola and 

i cterohaemorrhagiae (Bloom, 194 1 ;  Taylor et al , 1 97 0 )  was 

c on$idered to be the result of extravasation of RBC ' s  from damaged 

endothelium rather than toxic destruction and removal of damaged 

RBC ' s  from c ircula tion . Disseminated intravascular coagulation 

initiated by vascular damage has been reported in icterohaemorrhagiae 

infections of guinea pigs (Higgins & Cousineau , 1 9 7 7a) . The atrophy 

of the spleen in the ball um infect ions after seven or more days was 

a l ikely result of removal of necrotic reticular cells . Al though 

haemorrhage was seen within the kidneys of hams ters inf ected with 

bal lum strain 1045, the progression of lesion s  could not be determined 

because sequentia l  euthanasia of hamsters f o llowing infection was 

not done . 
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The s ignif icance of the ab sence of bra in les ions was 

d iscussed in Chapter 5 .  Abdu & Sleight ( 1 96 5 )  also cons idered 

the absence of lesions possibly due to insuf f ic ient time having 
( 

elapsed for the lesions to develop but those hams ters which 

survived to 14 days as described in the present experiments . did 

not e ither show nervous signs or his tological  lesions in the brain . 

Jaundice wa s not thought to be a f ac tor in the p roduc t ion of 

nervous signs because Knight et al , ( 1 9 7 3 )  has shown that 

in tracereb ral inoculation of bil irub in does not  produce clinical 

sign s . The large numbers of organisms seen in the marrow cavity 

of the petrous temporal bone may have resulted in pain or discomfort 

which was responsible for s ome of the apparent nervous signs . 

The loss of ' virulence '  or ab ility to cause haemoglobinaemia 

following subculture noted previously in the ball um strain 1045 

and commented upon by other workers (Marshall , 1 9 73)  was demonstrated 

by the changes which occurred in the ball um strain 964 and is 

possibly due to selection of organisms better adapted to survival 

in vitro rather than in vivo. 
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5 . 0  CONCLUS IONS AND SUMMARY 

1 .  Fatal leptospiral infections can occur in the absence of 

haemoglob inaemia and haemoglobinuria in bal l um and pomona 

infec ted hamsters . 

2 .  Moribund and dead hamsters which were non-haemoglob inaemic 

showed different hepatic , splenic and renal les ions to those 

animals which were haemoglobinaemic . The differences are 

bel ieved to have resulted from the presence of severe hypoxia 

in the haemoglob inaemic animals . 

3 .  The ab sence o f  RBC des truc t ion in some leptospiral infections 

suggests either an absence of a part icular ' toxin ' or ' factor ' 

causing RBC destruc tion or a lack of suscep tibility of the 

infected animal to the ' toxin ' which causes destruc t ion of 

RBC ' s  in other leptospiral-host associations . 

4 .  There was act ive phagocytosis of leptospires particularly by 

splenic macrophages in which all stages of leptospiral 

degradation would be f ound .  I n  suscep tible  animals and before 

antibody formation would be expected it  appeared that lep tosp iral 

mul tip l ication exceeded leptosp iral removal thereby allowing 

the disease to progress , histopathological les ions to develop , 

and if the c ondi tion was severe enough , death t o  occur . In 

those animals in which no antibody was present yet c l inical 

lesions did not develop, the non-spec if ic defence mechanisms 

or undetectab le early ant ibody development may have limited 

leptospiral multip licat ion .  

5 .  Ballum infec tions of hams ters in which over t ' haemoglobinaemia was 

not a feature showed increased_ haemosiderin deposits and splenic 

necrosis . This was not seen in hams ter po��na infec t ions . 

The pathogenes is of the lesions is not known but RBC ' s  may be 

phagocytosed due to either : 
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i)  Extravasation from normal c irculation 

or ii) Alterations in the RBC ' s  which may or may not be  

obvious by l ight and elec tron microscopy . 

6 .  Haemorrhagic lesions were seen in particular in the kidneys 

of the ball um infected hamsters . 

7 .  No les ions �ould b e  found in the brain , middle or inner ears 

and the cause of apparent nervous signs seen in some 

moribund hamsters remains speculat ive . 
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CHAPTER 7 

IN VITRO HAEMOLYTIC STUD IES 

1 . 0  INTRODUCTION 

Experimental work involving the pathogenetic mechanisms of 

haemolysis requires work to be carried out in vivo as well as 

in vi tro in order to examine certain aspec t s  in isolat ion . 

During RBC destruc tion in vivo , there are problems due to 

. individual animal variation , the decis ion as to when exactly to 

take samples in order to demons trate certain points , and the 

prob lem of separating the various facets of the disease and 

e stablishing whether the pathogenesis of each facet is due to 

the same or separa te mechanisms . Work done in vi tro may eliminate 

some of these problems but crea te addit ional ones . The RBC ' s  

are no t then in their natural environment and environmental 

homeostasis such as the removal of metabolic was tes and the 

maintenance of pH may not be possible . Therefore,  while work 

done in vi tro is important , it may not truly ref lect the condit ions 

which exi s t  in vi vo. 

Haemolysis in vi tro of the RBC ' s  from various animal 

spec ies has been described by a number of authors (Hathaway , 1 9 78 ; 

Hathaway & Marshall ,  1 980 ; Imamura et al , 1 9 5 7 ; Russell , 1 956 ; 

Stamm & Charon , 1 9 7 9 ; Valentine et al , 1 964 ) . However , there 

are discrepanc ies between the presence of haemolysis in vi tro and 

in vivo . Hathaway ( 1 9 78)  and Hathaway & Marshall  ( 1 980)  s tate that 

ballum is always non-haemolytic in vitro with RBC ' s  from several 

animal species including hams ters and pomona is always haemolytic 

for RBC ' s  from several specie s ,  also including hamsters . This is  

difficult to  reconc ile wi th resul ts presented from in vivo s tudies 

reported in earl ier chapters of this thesis , and with reports by 

other workers which s tate that ball um usually causes hae�oglob inaemia 

in hamsters and pomona does no t .  
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The experiments in this chapter at tempt to examine in vitro 

the effec t s  of some known dif ferences in RBC ' s  on haemolysis and 

to verify the f indings of other workers . 

Experiment A was des igned t o  examine changes in the degree of 
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i n  vitro haemolysis o f  RBC ' s  from calves over the f irst few weeks o f  

life . The decrease in foetal haemoglobin was also examined over this 

t ime because this is one maj or change which occurs in calf RBC ' s  over 

the f irst  few weeks of life (Kitchen , 1 969 ; Schalm et - al , 1 9 7 5 ) . The 

susceptib ility of young calves to pomona infection has never been 

d iscussed in relation to foetal or adult haemoglobin types although 

�dult  haemoglob in types have b een sugges ted to affec t  the suscep t ibility 

of sheep to RBC des truct ion following infection by pomona (Hodges et al , 

1 9 7 6 ) . RBC ' s  f rom two calves were examined by SEM to c ompare 

morphological changes occurring in vi tro following incubat ion with 

pomona culture with those changes occurring in vivo following pomona 

infection . Hardjo and balcanica were also incubated with calf RBC ' s  

in order to verify the findings of Hathaway ( 1 97 8 )  and Hathaway & 

Marshall ( 1 980)  that balcanica is haemolytic and hardjo is non­

haemoly t ic for bovine RBC ' s. 

Experiment B was a comparison of the degree of haemolysis by two 

strains of pomona and two stra ins of bal lum when incubated with RBC ' s  

from young calves , adult cat tle , humans and hams ter s .  Pomona s t rains 

T 1 1 6  and 790001 were chosen b ecause they mos t  consistently produced 

dense culture s .  Ball um strain M4 /9 was selec ted because i t  produced 

destruction of hams ter RBC ' s  as described in Chap ter 6 .  Ball um s train 

1 04 5  was selected because it  init ially produced destruc t ion of hamster 

RBC ' s  as describ ed in Chapters 3 ,  4 and 5 then appeared to lose this 

charac teris t ic as described in Chapter 6 .  

Experiment C was designed to test the f indings of Ringen ( 1 966) . 

Ringen found that RBC ' s taken from cattle and goats 8 to 1 3  days 

following infect ion with pomona showed decreased suscep tib ility 

to pomona ' toxin ' although the infec tion itself was asymp tomat ic . 



Experiment D examined the effec t s  of  incubating washed RBC ' s  

from normal calves in leptospiraemic plasma from pomona infected 

calves in which overt RBC des truc tion was not a feature . RBC ' s  

from the calves of Experiment V ,  Chap ter 2 were used in this  

experiment .  

2 . 0  MATERIALS AND METHODS 

2 . 1 EXPERIMENT A 

2 . 1 . 1  Leptospires 

Pomona s trains T1 1 6 ,  79000 1 ,  MP3 and ' Scamp ' , balcanica 

strain E32 and hardjo strain ' praj i tna ' were isolated , cul tured 

and main tained as described in Chap ter 2 ,  Section 1 . 0 .  While 

replicate cultures were grown in an attempt to ob tain dense cul tures 

for incubation wi th the RBC ' s , it was found that cul ture density 

varied af ter seven days of growth and throughout the durat ion of 

the experiment � The pomona strains MP3 and ' Scamp ' were 

consistently less dense in cul ture than s trains T 1 1 6  and 7 9000 1 . 

2 . 1 . 2  Animals 

Eleven Jersey-Freisian cross calves were run at pasture , 

fed on bulked colos trum and bled on the days noted in Appendix XXXI 
into two EDTA containing vacutainers from soon after b irth to 

47 days of age . RBC ' s  from these calves were added to l eptosp iral 

cultures and incubated as described in the following sec tions . 

Five calves , numbers 6 3 ,  6 7 ,  70 , 7 2  and 76 developed 

coc c idiosis and were treated sy stemically with antibio t ic s .  

They were excluded during the course o f  the experiment from the 
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tube and plate testing described below, but were typed f or haemoglobin . 

2 . 1 . 3  Laboratory procedures 

2 . 1 . 3 . 1  Tube haemolysis 

The method of tube haemolysis was based upon that 

described by Hathaway ( 1 9 78)  and . Hathaway & Marshal! ( 1 980) . 
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RBC ' s  were washed three times using s terile 0 . 85% sal ine a t  room 

temperatur e .  While the RBC ' s  in one vacutainer were being washed , 

the RBC ' s  in the second vacutainer were allowed to stand at room 

temperature . Following washing and c entrifugation , the RBC ' s  

were resuspended in 0 . 85% sal ine to the original plasma volume 

of the blood sample . 

One ml of leptospiral culture was incubated with 1 ml of  

· re suspended washed RBC ' s from each animal and 1 ml of unwashed 

RBC ' s  suspended in plasma (whole blood ) . In addition two osmotic 

haemolysates consisting of 1 ml each of washed and unwashed RBC ' s  in 

1 ml of s terile dis tilled water and two negative control s ,  one each 

of washed and unwashed RBC ' s  in 1 ml of culture medium were prepared . 

Followin g 1 8  hours of incubation a t  2 7 ° C ,  the cultures were 

diluted to 10 ml s with 0 . 85% sa l ine and centrifuged at 4 , 356 g 

for ten minutes to remove the non-haemolysed RBC ' s .  The culture 

supernatant was then further diluted 1 : 10 with 0 . 85% saline and 

the op t ical density read at 540 nm on a SP6-550 UV/VIS spec tro­

photometer . 1  The reading was expressed as a percentage of the 

osmotic haemolysate . 

The supernatant was examined by dfm for the presence of 

leptospire s .  

2 . 1 . 3 . 2  Plate haemolysis 

Blood agar plates were prepared as described by Hathaway 

( 1 97 8 )  and Hathaway & Marshal! ( 1 9 80) using whole blood or washed 

RBC ' s  resuspended in 0 . 85% saline as desc ribed for the tube 

haemolysis . Cul ture was s treaked over the plate using a flamed 

microbiological metal loop . Haemolysis was observed visually 

following incubation at 30°C for 7 2  hour s . 

1 .  Pye Unicam Ltd . , Cambridge , England 
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In addition , on day 3 2  plates were p repared using osmotically 

haemolysed RBC ' s  in which the washed RBC ' s  were resuspended to the 

original plasma volume in sterile distilled water , mixed , and 

a llowed to stand f or ten minutes . Haemoly sis was observed as 

before . 

2 . 1 . 3 . 3  Elec tron microscopy 

RBC ' s  from all calves were prepared f or tube haemolysis 

on day 40 using pomona strain 790001  as  this s train had produced 

the most dense culture on this day . RBC ' s  from calves 66 , 68 , 6 9  

and 7 3  were p repared for SEM with those f rom calves 69  and 7 3  

being lost during processing . 

Washed RBC ' s  suspended in saline , culture medium and leptosp iral 

culture and unwashed RBC ' s  suspended in p lasma , culture medium and 

leptospiral culture respectively were f ixed in 1% glutaldehyde at 

0 ,  �. 6 and 1 8  hours of incubation and prepared for SEM as des cribed 

in Chapter 4 ,  Sec tion 2 . 3 . 

2 . 1 . 3 . 4  Haemoglobin typing 

RBC ' s  were taken from the 1 1  calve s from birth to 5 2  days 

of age as shown in Fig . 7-6 and washed three times in 0 . 85 %  

saline.  A small volume o f  centrifuged RBC ' s  was haemolysed in 

six times their volume of dis tilled water , the osmotic haemolysate 

being allowed to stand for ten minutes to allow complete rup ture 

of all RBC ' s .  The haemolysate was then centrifuged at 4 35 6  g f or 

20 minutes t o  remove the cell stroma . A sample of supernatant was 

appl ied to an acetate s trip and the haemoglobins separated by 

elec trophoresis using 100 volts fo+ 30 minutes . The acetate s trip 

was then stained . and processed as described f or protein elec tro­

phoresis in Chapter 3 ,  Sec tion 2 . 3 . 2 . 3 . 

Haemoglob in samples from adult cattle were also prepared 

to ob tain control samp les of haemoglob ins A and B for comparison 

with the calf haemoglob ins . 
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2 . 2  EXPERIMENT B 

2 . 2 . 1 Leptospires 

Pomona s train s  T 1 16 ,  79000 1 and ball um s trains 1 045 and M4 /9 

were cultured and maintained a s  described in Chap t er 2 ,  Sec tion 1 . 0 .  

2 . 2 . 2  Animals 

2 . 2 . 2 . 1 Hamsters 

Six weanling golden hamsters 1 9- 2 1  days of age were 

anaesthetized with ether and bled by cardiac puncture into a 3 ml 

syringe containing 0 .  3 mls of EDTA v7hich had b een rinsed through 

the n eedle and barrel of the syringe . Blood from the hamsters was 

pooled and thoroughly mixed with the EDTA . 

2 . 2 . 2 . 2  Cattle 

Two adult Jersey cows and two newborn Jersey calves were b l ed 

from the jugular vein into three 1 0  ml EDTA c ontaining vacutainers . 

2 . 2 . 2 . 3  Human s 

Blood samples from four human donors were each collec ted 

into 1 0  ml EDTA c ontaining vacutainers .  Donor number 1 had been 

infec ted with ball um s ix months previously (Chap ter 4 ,  Sec tion 2 . 1 . 4 ) . 

2 . 2 . 3  Laboratory procedures 

Washed and unwashed RBC ' s  were incubated as described in 

Sec tion 2 . 1 . 3 . 1 with two pomona and two bal l um s trains . Due to the 

small volume of b lood ob tainable from the hamsters quantit ies of blood 

and cul ture used f or ·-incubat ion were halved . 

In addition , RBC ' s  from one vacutainer of calf and adult 

cattle blood were washed three t imes in 0 . 85 %  saline and then the 

centrifuged , wa shed RBC ' s  were resuspended in their own stored plasma • . 

These RBC ' s  were then cul tured with the two pomona strains as 

previously described . 

The supernatant from all cultures was examined by dfm for 

leptospires . 
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The optical density of all incubated cultures was read at  

540 nm on a SP6-550 UV/VIS spec trophotometer . 

MAT ' s  to pomona and ballum were measured using the methods 

of Cole et al ( 1 9 73) and a minimum dilution of 1 : 24 .  

2 . 3  EXPERIMENT C 

2 . 3 . 1 Leptospires 

· . .  Pomona strain 1 32 3 1  was cul tured in preparation for animal 

inoculation as describ ed in Chapter 2 ,  Sec tion 1 . 0 .  Pomona strains 

T 1 1 6  and 79000 1 were cultured for tube haemolysis as previously 

·described . 

2 . 3 . 2  Animals 

Six Jersey-Freisian cross six to nine month-old heifers 

( 1 1 , 1 1 9 ,  12 3 ,  126 , 139 , and 14 1 )  were run on grassed pas tures 

which had not been s tocked for the previous month ,  and supplemented 

with hay . Two control heifers (Cl and C 2 )  were run separately . 

The cattle were presumed l eptospiral-free a f ter negative MAT' s 

to pomona , bal l um, hardjo , balcanica , tarassovi and copenhageni 

were ob tained using techniques described by Cole et al , ( 1 97 3 ) . 

2 . 3 . 3  Laboratory procedures 

The cattle �ere inj ected 1M in the neck with 5 . 0  mls of 

pomona strain 1 3 2 3 1  cul ture . Blood was collec ted from the j ugular 

vein into an an ti-coagulant free and two EDTA containing vacutainer s .  

The PCV and WBC l evels were measured a s  described in Chapter 3 ,  

Sections 2 . 3 . 1 . 2  and 2 . 3 . 1 . 5  respec tively . Serum AAT was 

measured as describ ed in Chapter 3 ,  Sec tion 2 . 3 . 2 . 4  and MAT ' s  

performed following the 1nethods of Cole et al ( 1 97 3) . Blood was 

c ollec ted as described in Chapter 2 ,  Sec tion 3 . 2  on days 0 ,  1 ,  5 ,  

7 ,  1 1  and 1 6 .  

RBC ' s  collected into EDTA containing vacutainers were 

incubated with pomona s trains T 1 16 and 79000 1 as previous ly 
<.... 
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described for the tube haemolysis . The amount of haemolysis  was 

measured and the culture superna tants examined for leptospires by 

dfm. 

The cattle were haemoglobin-typed on days 0 and 16  as 

previously describ ed in Sec tion 2.  1. 3 .  4 .  

The presence of antibody on RBC ' s  f rom cattle on all  days 

was examined for by the incubat ion of washed RBC ' s  with rabb it 

antibovine globulin conjugate2 as described by Hudson & Hay ( 1 980) . 

The RBC ' s  were then washed and examined as  a smear on a glas s 

slide using long wavelength UV light and viewing through a UV 

•f il ter on. a fluorescent  microscope3 • 

2 . 4  EXPERIMENT D 

2 . 4 . 1 Leptospires 

Pomona s train 790001 was used to infec t week-old calves 

as  described in Chapter 2 ,  Sect ion 2 . 2 . 1 .  

2 . 4 . 2  Animals 

Ten week-old calves were ob tained and maintained as described 

in Chapter 2 ,  Sec t ion 2 .  2 . 1 .  Five c alves t-7ere infected with a 

virulen t strain o f  pomona , two were inj ec ted IV with a ' toxin ' 

and three were maintained as controls (Experiment V) . 

2 . 4 . 3  Laboratory procedures 

The c l inical pathological examinations performed are 

described in Chap ter 3, the morphological examinations of RBC ' s  

carried out in vi vo are described in . Chapter 4 and the gross and 

histopathological tissue examinations are described in Chapter 5 .  

2 .  Grand I sland Biological Company , Grand Island , NY .  1 4 0 7 2  U SA 

3 .  Reichert ,  Austria :  Supplied by G .  Wil ton & Co . Ltd 
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Three calves ( 1 4 ,  15  and 1 7 )  died as  a result of acute RBC 

destruc tion . Two calves ( 1 1  and 1 6 )  survived without 

haemoglob inaemia despite a more marked leptospiraemia than the 

former calve s .  On day 1 1 ,  the day of the greatest lep tosp iraemia , 

blood was collec ted in EDTA containing vacutainers from infec ted 

calves 1 1  and 16  and control calves 1 8 ,  19 and 2 0 .  The blood was 

centrifuged and the p lasma from each calf retained in a s terile 

test tube . RBC ' s  f rom each calf were wa shed three times in 

s terile 0 . 85% sal ine . Follovling the f inal c entrifuga tion , 

approximately 0 . 5 mls of RBC ' s  from calves 1 8 ,  1 9  and 20 were 

resuspended in 1 . 5  to 2 . 0  mls of plasma from calves 1 1  and 1 6 ,  

· their own plasma and 0 . 85% saline respec tively . Washed RBC ' s  

f rom calves 1 1  and 1 6  were resuspended in plasma from calf 20 , 

their own plasma and 0 . 85% saline respectively . RBC ' s  were 

f ixed and prepared a s  in Chapter 4 ,  Sec tion s  2 . 2  and 2 . 3  at 0 ,  � .  

1 ,  2 and 6 hours following incubation a t  3 7 ° C .  The temperature 

of 3 7 ° C  was chosen as being similar to body temperature and 

therefore being more likely to mimic the natural course of the 

disease . 

3 . 0  RE SULTS 

3 • 1 EXPERIMENT A 

The MAT ' s  to pomona and hardjo are summarized in Appendix 

XXXI . Calf 69 had MAT 's t·G..:pomona and calves 6 5 ,  66 , 68 , 7 0 ,  7 3  

and 7 8  had MAT ' s  t o  hardjo throughout the sampling period . The 

densities of the cultures used for ·incub a tion are no ted in 

Appendix XXXI .  

3 . 1 . 1 Tube haemolysis 

The percen tage of haemolysed washed and unwashed RBC ' s  

are tabulated in Appendix XXXI .  Washed RBC ' s  showed varying degrees 

of haemolysis when incubated with all pomona cultures on dif f erent 

days . No unwashed RBC ' s  showed any sign s  of haemolysis (Fig . 7- 1 (i) ) .  
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I . 

I t  was found tha t al though the pomona strains MP3 and ' Scamp ' 

c onsistently produced cul tures which were less  dense than strains 

T 1 1 6  and 79000 1 , the degree of haemolysis of washed RBC ' s  was 

similar or sometimes greater than that produced by T 1 1 6  and 79000 1 . 

Slight variat ion in the degree of haemolysis  occurred from day 

to day and between calves with no obvious dec l ine in the degree 

of haemolysis with increasing age . 

�ardjo was non-haemolytic and balcanica weakly haemolyt ic 

(Fig . 7- 1  ( ii) ) �ppendix XXXI) as previously reported by Hathaway 

( 1 978)  and Hathaway & Marshal !  ( 1 980) . 

Lep tospires were s een in the supernatant of both washed and 

unwashed RBC ' s  incubated with leptospiral cul ture . The numbers 

of organisms were diminished in the supernatant of  unwashed RBC ' s  

plus cul ture where homologous · antibody to that particular serovar 

was present when c ompared to the numbers in the supernatant of 

unwashed RBC ' s  and culture where homologous antibody was not present . 

Numbers of organisms although more dif f icult to est jroate in 

haemolysed sampl es in which RBC ghosts interfered with observat ion , 

appeared s imilar in all incubated cultures o f  washed RBC ' s . 

3 . 1 . 2  Plate haemolys is 

Haemolysis , as indicated by clear areas following the 

streaked cul tures , was present on plates c on taining both washed 

. and- unwashed RBC ! s .  The size of the c lear z one varied f rom calf 

to calf and day to day . Measurement s  were not made as there was 

no accurate method f or determining the quantity of culture appl ied 

by the loop or the density by which the cul ture was applied during 

streaking over the agar plate . By visua l appraisal , the p lates 

c ontaining washed RBC ' s  sometimes appeared to have larger c lear 

zones but of ten lit tle difference was seen . 

As described by Hathaway ( 1 978)  and Hathaway & Marshall  ( 1 980)  

hardjo was non-haemolytic and balcanica haemolytic f or wa shed 

cattle RBC ' s  contained in blood agar plates . The present  work also 

showed haemoly s is of unwashed RBC ' s  by bal canica . 
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No c lear zones were observed on plates incorporating 

o smot ically haemolysed washed or unwashed RBC ' s .  

3 . 1 . 3  Elec tron microscopy 

All washed , and unwashed RBC ' s  whether in plasma , saline , 

culture medium or leptospiral culture were spherical a t  the 

beginning of the period of incubat ion (Fig .  7-3) . The control 

RBC ' s  and the unwashed RBC ' s  incubated with lep tosp iral cul ture 

remained spherical with only minor changes which consis ted of the 

presence of the occas ional unusual shaped RBC and slight al teration 

in the size of some RBC ' s  af ter 1 8  hours incubation . 

Follo·wing six hours of incubat ion with leptospiral culture , 

many of the washed RBC ' s  while showing no haemolysis grossly , were 

shrunken and flattened (Fig . 7-4 ) . Af ter 18 hours of incubation , 

haemolysis had occurred and gros sly the supernatant was s tained red . 

The maj ority of the RBC ' s  were shrunken and had pits and the 

occasional protrub erance (Fig . 7-5 ) similar to those seen on the 

RBC ' s  from the haemoglobinaemic animals described in Chap ter 4 .  

3 . 1 . 4  Haemoglob in typing 

The means and s tandard deviations of the haemoglob in types of  

nine of the calves in which foetal haemoglob in was replaced by 

haemoglobin type A are demonstrated in Fig . 7-6 . Calves 67 and 76 

developed haemoglob in type AB but died before detailed examination 

of their haemoglobin changes could be made . No calves developed 

haemoglobin type B .  

3 . 2  EXPERIMENT B 

The resul ts of incubation of washed and unwashed RBC ' s  with 

leptospiral culture in tube haemolysis are described in Table  7 - 1 . 

No unwashed RBC ' s  showed any signs of haemolysis with either 

of the p9mona or ball um cultures (Fig . 7 - 2 ( i ) ) . 
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Table 7 - 1  Resul ts  of Experiment B:  Percentage of washed and unwashed 
hamster . c attle and human RBC ' s  haemolysed by two s trains 
of pomona and two strains of ball um 

pomona bal l um MAT* 
Animal Leptospire Tl l6 7 9000 1 M4/ 9  1045 pomona ball um 

strain 

pooled 
hamster washed 1 1 % 2 1 . 8% 3 1 . 5% 5 6 . 9% -ve -ve 
RBC ' s  unwashed 0% 0% 0% 0% 

cow 1 washed 8 3 . 6'� 8 1 . 6% 2 7 . 9% 86 . 8% -ve -ve 
unwashed 0% 0% 0% 0% 

cow 2 washed 7 7 . 5% 7 7 . 8% 1 4 . 6 % 7 3 . 5% -ve -ve 
unwashed 0% 0 %  0% 0% 

calf 1 washed 7 7 . 9% 5 8 . 0%- 4 . 0% 20 . 6 %  -ve -ve 
unwashed 0% 0% 0% 0% 

calf 2 washed 9 8 . 6 %  9 2 . 9 %  9 1 . 0% 98 . 0% -ve -ve 
unwashed 0% 0% 0% 0% 

human 1 washed 5 . 2% 1 8 . 0% 2 . 3% 3 . 2% -ve 1 : 384 
unwashed 0% 0% 0% 0% 

human 2 washed 8 . 3% 38 . 0% 2 . 2% 1 5 . 4% -ve -ve 
unwashed 0% 0% 0% 0% 

quman 3 washed 1 4 . 5% 4 2 . 5 %  2 . 4% 20 . 9% -ve -ve 
unwas!led 0% 0% 0% 0% 

human 4 washed 2 . 7 % 2 0 . 5 %  1 . 6% 32 . 5% -ve -ve 
unwashed 0% 0% 0% 0% 

Culture densi ty Dense Dense Dense Dense 

* Negat ive to minimum dilution of 1 : 24 



Fig 7- l ( i )  

Tes t  tubes containing centr ifuged unwashed calf RBC 1 s  
following 1 8  hours of incubat ion with two strains o f  pomona 

(T1 1 6 ,  79000 1 ) , one s t rain of balcanica (bal ) and one s train 

o f  hardjo. Haemo lysis has occurred only within the test tube 

containing dist illed water (DW) . 

Fig 7- 1 ( ii)  

Tes t  tubes c ontaining centrifuged washed calf RBC ' s  follo�1ing 18  

hours of incubat ion with two s trains of pomona (Tl l 6 , 7901)0 1 ) , 

one strain of balcanica (bal)  and one strain of  hardjo . The 

test tub e  in which RBC ' s were incubated \<lith culture medium 

(CM) was the only one in which haemolysis did not occur . 

Fig 7-2 ( i )  

Tes t  tubes containing centr ifuged unwashed c a l f  RBC ' s  

following 1 8  hours of incubat ion with two s trains of pomona 

(T l l 6 , 7 9000 1 )  and two strains of bal l um (1-14 / 9 ,  1045 ) . 

Haemolysis has occurred only within the test tube containing 

distilled water (DW) . 

Fig 7- 2 (ii)  

Test  tubes containing centrifuged washed calf RBC ' s  follow ing 

1 8  hours of incubat ion with two s trains of pomona (T 1 1 6 ,  

7 9000 1 )  and two s t ra ins of ba.Ilum (M4/9 , 1045 ) . The t e. s t  

tube in \<7hich RBC ' s were incubated with culture medium 

( CM)) was the only one in which haemolysis did not occur . 
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Fig 7-3 

Cat t le  RBC ' s follmving washing with saline and immed iately 

af ter comb ination wi th a pomona culture.  All RBC ' s are 

spherical . 

SEM 4 , 000x 

Fig 7-4 

Ca t tle RBC ' s  after six hours of incubat ion with pomona . 

Some RBC ' s  remain spherical ( s )  but the maj ority have a 

decreased volume and are f la t tened (arrows) . 

SEM 4 , 000x 

Fig 7-5 

Ca t t le  RBC ' s  af ter 1 8  hours of incubation with pomona . 

Many o f  the RBC ' s  have surface pits (arrows ) and 

proj ections ( P ) . 

SEM l O , OOOx 
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Pomona was more haemolytic f or cattle and calf RBC ' s  than f or 

human and hams ter RBC ' s .  There was variation in human RBC 

susceptib il ity to the pomona strains with 7 90001 appearing more 

haemolytic than T 1 1 6 . 

Ball um strain 1 045  appeared more haemolytic . than bal lum 

stra in M4 / 9 . Ball um was more haemolytic than pomona for hamster 

RBC ' s . The degree of haemolysis of ball um for hamsters was less 

than the degree of haemolys is of pomona for cattle RBC ' s .  

In · general ball um was less haemolytic than pomona f or all 

• RBC ' s (Fig . 7-2 (ii) ) .  

No relationship b e tween the age of the animals and the degree 

of haemoly s is was seen as both adult cat tle and calves showed 

similar variation in the degree of haemolysis (Table 7- 1 ) . Ca lf  2 
showed the greatest degree of haemolysis with both pomona and 

ball um. 

The only serum to contain specif ic ant ibody was that of 
human 1 in which an MAT of 1 : 384 to .ball um was ob tained (Table 7- 1 ) . 

Lep tospires were found within the supernatant of all incubated 

cultures of v7ashed and unwashed RBC ' s with ball um and pomona 

cultures . Diminished numbers of ballum organisms were found 

within the supernatant of the incubated cul ture of unwa shed RBC ' s  

f rom human 1 and the bal l um cultures 1045 and M4 /9 when compared 

to the number of ball um organisms in the supernatant of 

incubated cultures and unwashed human RBC ' s  in plasma not 

c on taining homologous antib ody . 

Washed cattle RBC ' s  replaced in their o�� p lasma then. 

incubated with pomona showed no s igns of haemolys is . Lep tospires 

wer e  present within the supernatant  of the incubated cul tures .  

3 . 3 .  EXPERIMENT C 

The infec ted cattle showed no signs of infec tion . No 

alterations in PCV , WBC and AAT occurred . The rise in l1AT ' s  
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Table 7-2 Results of Experiment C :  Perc�ntages of washed and unwashed RBC ' s  haemolysed by two s
'
trains of pomona 

up to 1 4  days pos t infect ion 

pomona Day 0 Day 1 Day 5 Day 7 Day 1 1  Day 1 6  

Animal s train T 1 1 6  79000 1 T 1 1 6  7 90001 T 1 1 6  7 9000 1 T 1 1 6  7 9000 1 T 1 1 6  79000 1 T l l 6  7 9000 1 

C l  washed 88% 80% 9.3% 90% 90% 93% 96% 86% 98% 83% 98% 94% 

u11washed 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

MAT 

C 2  washed 9 7 %  6 5 %  90% 76% 98% 8 1 %  1 00% 8 1 %  100% 79% 99% 85% 

unwashed 0% Jor. 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

MAT 

I1 washed 9 7 %  5 2 %  99% 67% 99% 86% 98% 87% 94% 7 7 %  98% 86% 

unwashed 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

MAT 
1 : 24 1 : 96 1 : 7 68 1 : 384 

1 1 9  washed 93% 72% 99% 83% 93% 89% 99% 87% 1 00% 89% 99% tube broken 

unwashed 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

MAT 
tr 1 : 1 9 2  1 : 384 1 : 1 92 

I23 washed 9 1 %  72% 94% 83% 93% 97% 8 7 %  87% 100% 87% 94% 93% 

unwashed O% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

MAT 
1 : 48 1 : 1 92 1 : 48 

I26 washed 9 3% 53% 75% 78% 89% 94% 82% 92% 94% 84% 87% 9 1 %  

unwashed 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

MAT 
1 : 1 9 2  1 : 384 1 : 384 

tube 

I39 washed 90% 64% 95% 7 4 %  9 5 %  8 3 %  9 2 %  85% 98% broken 96% 9 1 %  

unwashed 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

MAT tub e  
1 : 1 9 2  1 : 1 78 1 : 384 

14 1 washed 93% 76% 80% broken 93% !! 8% 99% 83% 1 00% 86% 100% 90% 

unwashed 0% 0% 0% 0% 0% 0% 0% 0% 0 %  0 %  0 %  0 %  

MAT 
1 : 96 1 : 768 1 : 1 9 2  

Culture dens ity Dense Dense Dense Dense Dense Dense Dense Dense Dense Dense Dense Dense -
-..I 
vo 



are tabulated in Tab le 7- 2 .  There was n o  alteration in the degree 

of haemolysis of washed RBC ' s  (Table 7-2) . No unwashed RBC ' s  

were haemolysed but the numbers of organisms in the supernatant 

of incubated cultures of unwashed RBC ' s  and pomona diminished 

when MAT ' s  were detected . The numbers of organisms did not 

diminish in the control animals . 

No fluorescent antibody wa s detec ted on the surface of the RBC ' s .  

All infec ted cattle were of haemoglob in type A. One control 

animal had haemoglob in type A and the other haemoglobin type B .  

· 3 . 4 EXPERIMENT D 

No alteration in morphology was seen in the RBC ' s  of calves 

1 8 ,  1 9  and 20 as controls or when incubated with the lep tosp iraemic 

p lasma of calves 1 1  and 16 apar t from similar artefac tual changes 

to those described in Sec tion 3 . 1 . 3 . Likewise,  no signif icant changes 

were _ seen in RBC ' s  from calves 1 1  and 1 6 .  

4 . 0  D I SCU S S I ON 

Result s  from Exper iment s  A, B and C consistently showed that 

unwashed RBC ' s  from cattle , hams ters and humans cultured in tubes 

with pomona were never haemolysed while washed RBC ' s  from these 

species cul tured with pomona were always haemolysed to a varying 

extent . The absence of haemolysis of the unwashed RBC ' s  occurred 

desp ite the presence of large numbers of leptospires and therefore 

presumably ' toxin ' within the supernatant . The organisms within 

the p lasma were ac tive and mot ile _ and the numbers decreased 

only if  homologous ant ibody was present . This wa s well demons trated 

by calf 69  in Experiment A in which pomona organisms were always 

diminished in numbers when compared with other calves of Experiment 

A and in those pomona infected cattle following the development of 

MAT ' s .  Hardjo and ball um numbers were also decreased in the presence 

of homologous antibody . 
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There is no reason to suspect that leptospires cultured 

with p lasma and unwashed RBC ' s do not produce .. toxins ' capable 

of haemoly s ing RBC ' s .  It would also seem l ikely tha t p lasma with 

a greater ava ilab ility of nutrien t s  would in fact be a better 

· culture medium than saline for lep tospiral multiplicat ion . It 

therefore appears that plasma does have a protective func t ion 

· against RBC haemolysis as has been described by Kemenes ,  ( 1 9 7 4 ) . 

Kemenes ( 1 97 4 )  found that normal calf serum was less protec t ive 

agains t haemolysis than normal adult cat tle serum which in turn 

was - less protective than serum containing protective antibody . 

The present work also demons trated the protec tive function 

of homologous ant ibody in tha t the plasma which contained 

homologous antibody against pomona , ball um and hardjo had 

diminished numbers of organisms of the particular serovar when 

compared to incubated cultures in which homologous ant ibody was 

absent . Tha t other serovars were not affected by the antibody adds 

weight to the ob servation that cross-protec tion between organisms 

from a serovar and antibody to a different serovar does not occur 

(Alexander et a.l , 1 9 7 1 ) . Other workers , while showing that non­

immune serum wil l  protec t against  saprophyt ic leptospires 

(Johnson & Muschel , 1 96 5 ;  1 96 6 )  due to the presence of a S 
macroglobulin (Faine & Carter , 1 96 8 )  have also demons trated that 

specific antibody is necessary to impair the growth of para3it ic 

leptospires (Johnson & Harris , 1 9 6 7 ; Johnson & Muschel ,  1 96 6 ) . 

The fact that animals do develop haemoglobinaemia and 

haemoglob inuria as discussed in Chapters 3 ,  4 and 5 appears to 

conflic t  with the in vi tro f indings that p lasma has a protec t ive 

funct ion as demonstrated by the lack of haemolysis of unwashed 

RBC ' s . While adult cattle are known to be more resisten t  to 

pomona infec tion s ,  it seems unl ikely from resul t s  of previous 

experiments (Chapter 5 )  that had all 1 1  newborn calves been infec ted 

with pomona tha t none would have become haemoglobinaemic as 

indicated by the lack of haemolysis of any unwashed RBC ' s  in vi tro . 

The present  results  do not show any al tera t ion in resis tance of 
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RBC ' s  to haemolysis as the calves age and it  therefore seems 

unlikely that foeta l  haemoglobin is a fac tor . No calves 

developed haemoglob in B and no infected cattle had haemoglobin type 

B so a compar ison of adult haemoglobin types was not possible . 

The protec t ive func tion of plasma may also be illustrated 

by the ab sence of l esions in the RBC ' s  f rom calves 1 8 ,  1 9  and 20 

which were incubated with leptospiraemic p lasma . However, small 

numbers of  animals were used in this experiment and it should be  

repeated using larger numbers of animals and comparing p lasma 

from calves which become haemoglob inaemic with plasma from calves 
·which do not become haemoglobinaemic . It may therefore be 

hypothesized that an in vivo mechanism within the animal may 

in fact be responsib le for the RBC destruction . To a certain 

extent , the na ture of the spontaneous disease was reflected by 

the . in vi tro haemolysis . Pomona may produce haemoglobinaemia 

in cattle but not in humans and hams ters and the in vitro tube 

haemolysis showed a greater degree of haemolysis with cattle 

RBC ' s  than thos e  of humans and hamsters . Likewise ball um 

infec tions of hamsters but not humans may produce haemoglobinaemia 

and the in vitro tube haemolytic tes t showed a grea ter degree of 

· haemolysis with hamsters rather than humans . 

The difference in susceptibility of washed and unwashed RBC ' s  

to pomona ,  ball um and balcanica organisms may be  explained in part 

by the fact that in vitro test tube haemolysis can never truly 

reflect the in vi vo situation . Plasma provides such fac tors as a 

nonspec ific buff ering system against environmental changes such a s  

p H  alterations which may be brought about merely b y  metabolism 

of RBC ' s  and possib ly the metabolism of lep tospires . Such plasma 

f ac tors may in s ome way neutralize the leptospiral ' toxins ' up 

to a certain point above which haemolysis occurs . 

The lesions s een in RBC ' s  from haemoglobinaemic animals were 

similar to thos e s een in the in vi tro experiments al though in the 

latter case some artefactual changes resul t ed from washing and 

standing at room temperatures . 
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As stated by Stalheim ( 1 97 1 )  the term ' virulence factor ' 

for parasitic leptospires should be replaced by the term ' survival 

fac tor ' as it was shown that all the serovars examined had the 

ab ility to survive in plasma al though numbers were diminished in 

the presence of homologous ant ibody . 

The resul ts of these experiments do no t alwayB correspond to 

previously reported work . Ha thaway ( 1 978)  and Hathaway & Marshall 

( 1 980 ) used pomona a s  a non-haemolytic control and they do not 

mention the consis tent differences in haemolysis between wsshed 

and unwashed RBC t·s in the tube test . Their work concentra tes 

• more on the plate haemolytic test which cannot be considered an 

accurate representation of in vi vo haemolysis . The resul ts 

ob ta ined by examinat ion of the b lood agar plates were dif ferent 

from that in tube cultures in that both washed and unwashed RBC ' s  

were ' haemolysed ' .  Hhile tube haemolysis consisted of the release 

of haemoglobin into the supernatant resulting in red discolouration , 

' haemolysis ' of b lood agar plates resulted in the formation of 

c lear zones immediately around the l eptospiral colonies (Ha.thaway , 

1 9 78 ; Hathaway & Marshall ,  1 980 ; S tamm & Charon , 1 9 7 9 ) . It  would 

appear that haemoglobin is not only released into the environment 

in the b lood agar p lates but is also diges ted or degraded 

resulting in the clear zone . 

The RBC ' s  trapped in the solid agar of plates are in an 

abnormal environment which may be a fac tor in making even 

unwashed RBC ' s  suscep tible to haemolysis . In addition the RBC ' s  

may be damaged in the making of the p lates where they are mixed 

with hot agar which also may make them more susceptible t o  

leptosp iral ' toxins ' .  The value of the plate haemolytic test 

is therefore as a test for different iat ion of certain serovars  

such as baicanica and hardjo (Hathaway , 1 9 7 8 ;  Hathaway & Marshall , 

1 980) rather than t o  demonstrate mechanisms of pathogenesis . 

The cause of the ab sence of ' haemolysis ' or clear z ones on 

the plates prepared with del iberately lysed RBC ' s  is not known 
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but is possib ly due to the fac t that. once out of the RBC without 

enzyme sys tems to maintain its normal con f igurat ion , sub s tances 

such as methaemoglob in are formed which may inhibit leptosp iral 

growth . 

The resul ts of Experiment C do not support the observation 

of Ringen . ( 1 966 ) who c laimed that there was an increased 

resis tance of RBC ' s  to pomona ' toxin ' for a sho rt time fol lowing 

infection of cattle and goats by pomona which did not produce 

c l inical s igns of infection . His work did not include non­

inf ec ted con trols and some animals  showed cons iderable var iation 

in readings on days early in the infective period before the 

t ime during which he c laimed that increased res istance occurred . 
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5 . 0  CONCLUS IONS AND SUMMARY 

1 .  An unknown plasma factor prevented haemolysis of unwashed 

RBC ' s  during incubation of cattle , human and hamster RBC ' s  

with pomona and bal l um serovars . 

2 .  This absenc e o f  haemolysis o f  unwashed RBC ' s  occurred despite 

the presence of l arge numbers of leptospires . The presence 

of specific ant ib ody decreased the numbers of lep tospires 

visib le by dfm. 

3 .  The absence of haemolysis in unwashed calf RBC ' s  despite the 

presence of large numb ers of leptospires in the superna tant 

suggested tha t an in vivo mechanism may be responsibl� for the 

haemolysis . 

4 .  Washed RBC ' s  were haemolysed to varying extents with pomona 

being most haemolytic for cattle RBC ' s  and ball um being most 

haemolytic for hams ·ter RBC ' s .  This followed the natural 

diseases in which pomona infections of cattle and ballum 

in fec tions of hams ters may result in haemoglobinaemia . 

5 .  Washed cattle RBC ' s incubated with pomona shmved p i t ting 

similar to that of  haemoglob inaemic animal s .  

6 .  Alteration in the foetal haemoglobin con tent of calf RBC ' s  

did not appear to affect the degree of haemolysis in calf 

RBC ' s  incubated with pomona .  

7 .  Antibody was not de tec ted upon the surface o f  washed RBC ' s  

from pomona infec ted cattle . 
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8 .  That no cross protec tion occurred in vi tro be tween unrelated 

leptospiral serovars  and antibody was shown by the fact that 

numbers of organisms in incubated plasma remained undiminished . 

/ 
9 .  ' Haemolysis ' occurred in p lates containing both washed. and 

unwashed RBC ' s .  The plate haemolysis appears to result from 

a different process to that in the test tube incubati.on 

experiments . 
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CHAPTER 8 

INTRAVASCULAR HAEMOLYS I S  IN GANMA- IRRADIATED , 

BA LL UM INFECTED HAMSTERS 

1 . 0  INTRODUCT I ON 

Studies on the ultrastruc ture of RBC ' s  in blood (Chap ter 4 )  

and other organs (Chapter 5 )  from hamsters inf ec ted with ball um 

showed that partially haemoglob inated RBC ' s  were rarely seen in 

b lood vessels , suggesting that either they were rapidly removed 

from circulation or that haemoglob in loss rarely occurred in 

the general circulation . If the latter was the case , damaged RBC ' s  

mus t  have been removed from circulation possib ly by detention 

in the spleen prior to haemoglob in loss and free haemoglobin 

released back into c irculat ion as previously reported by Jandl 

et; al ( 1 9 5  7 ) . 

Irradiation of guinea pigs infected with icterohaemorrhagiae 

resulted in the animal s  dying a t  the same t ime as non-irradiated 

inf ected animals with none of the irradiated animals showing the 

characteristic j aundice (Higgin s  & Cousine.au , 1 9 7 7b ) . The absence 

of j aundice was considered to result from an absence of phagocytosis 

of extravasated RBC ' s . It was sugges ted that irradiation impaired 

the funct ion of the reticulomacrophage system and the j aundice 

was entirely caused by RBC haemolysis rather than l iver impairment . 

To test whether a similar func tion of the reticulomacrophage 

system was in _ opera t ion in the present s tudies which had resulted 

in some animals becoming haemoglobinaemic , it was decided to impair 

the reticulomacrophage sys tem of ballum inf ec ted hamsters in 

order to determine the effects on the degree of haemoglobinaemia 

and j aund ice . 
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In view of the results of Higgins & Cousineau ( 1 9 7 7b ) , 

it was decided that irradiation was the preferable method of 

impairing the reticulomacrophage system, because although 

carrageenin and silica destroy macrophages in vi tro (Allison 

et al , 1 966 ; Catanzaro et al , 1 97 1 )  inj ec t ions of these substances 

in vi vo caused liver necrosis and f ibrosis (Paronetto et al , 1 96 2 ) . 

As ballum also affects the liver , i t  was thought that these 

substances may complicate the pathogenesis of the disease . 

The degree of depletion of haemopoietic and lymphoid cells 

from the marrow and spleen was considered to be the best indication 
. 

of the degree of impairment of the reticulcmacrophage sys tem 

because the haemopoietic and lymphoid systems are the mos t  

suscept ible of body sys tems t o  radiation , due t o  their high rate 

of mitosis (Bond et al , 1 96 5 ;  Eddy & Casare t t , 1 9 7 2 ) . 

Tissue macrophages are derived from b lood monocytes releasee 

from the bone marrow and are relat ively long lived (Benj amin , 1 979 ; 

Bond et al , 1 96 5 ;  Schalm et al , 1 975) . They therefore are iess 

likely to be affected by irradiation although there is work in mice 

(Bond . et al , 1 96 5 )  which suggests that phagocytic functian is  

imp aired . However , irradiation would inhibit an increase  in the 

numbers of fixed macrophages and s top the replacement of those 

which were dying , and would inhibit the produc tion of other phagocytic 

cells such as PMN ' s . RBC ' s  are relatively long lived when compared 

to granulocytes and lymphocytes and anaemia would not become obvious 

for some time (Bond et al , 1 965 ; Eddy & Casarett , 1 9 7 2 )  and should 

therefore not interfere with the pathogenesis  of the infection . 

Experiment VIII described in this chapter is divided into two 

parts . Part I o f  the experiment was conducted to determine the 

mos t  suitable level of irradiation on the hamsters for the purpose 

outlined above . Three different levels were used to determine the 

level a t  which the haemopoietic and lymphoid systems were most 

impaired while p roduc ing the least  damage to other organs such as 
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liver , kidney and lungs . It was considered des irable to minimise 

the amount of radiation because of the pos s ibil ity of produc ing 

thrombocytopaenia and vascular damage l eading to fluid leakage 

and haemorrhage (Eddy & Casarett , 1 9 7 2 ) . Part 2 of the experiment 

examined the combined effects of ball um strain M4/ 9  infection of 

hamsters with the level of irradiation judged most satisfactory 

from the results  of Part I .  

2 . 0  MATERIAL S AND METHODS 

The hams ters used in the following experiments were ob tained 

and maintained as described in Chapter 2 ,  Section 2 . 1 .  

2 . 1 EXPERIMENT VII I :  PART I 

Twenty-six 1 9-42  day old 

and were subj ected to a single 

source1 as follows : 

i)  6 untreated controls 

ii)  6 hamsters exposed to 

iii) 6 hamsters exposed to 

iv) 6 hamsters exposed to 

hamsters were divided into f our groups 

dose of y radiation from a cobalt 

600 RADS 

800 RADS 

1000 RADS 

Half of the animals from each group were euthanased three days 

post-irradiation and the remainder euthanased seven days post­

irradiation . Euthanasia and the collection of blood and bone marrow 

was performed in the manner described in Chap ter 2 ,  Sec tion 3 . 1 

and the haematological examinations done as described in Chapter 3 ,  

Sections 2 . 3 . 1 . 1  to 2 . 3 . 1 . 8 .  Reticulocyt �������were not 

carried out . 

Liver , .spleen , kidney , bone marrow and lung were collec ted 

and prepared for histological examination as described in 

Chapter 5 ,  Sec tion 2 . 3 . 2 .  

1 .  Theratron 80 :  Atomic Energy of Canada , Ltd . , Ottawa , Canada 
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2 . 2 EXPERIMENT VII I :  PART II  

2 . 2 . 1 Leptospires 

Ball um strain M4 /9 was ob tained , typed and cultured as 

described in Chapter 2,  Sect ion 1 . 0 and Table 2-1 . 

2 . 2 . 2  Hamsters 

Fifty-two 1 9-26  day old hamsters of mixed sexes were divided 

into the following four treatment groups of hamsters designated 

as shown in brackets :  

i )  1 2  untreated controls (C 1 - C 1 2 )  

ii)  1 2  irradiated controls (Irr 1 3  - Irr 24) 

iii) 14 infected animal s  ( Inf 25 - Inf 38)  

iv) 1 4  irradiated and infected animal s  ( II 39 - II 52)  

All irradiated animals were given 800 RADS as a single 

exposure of radiation from a cobalt source 1 . Groups (iii) and 

(iv)  were infec ted with ball um as descr ibed in Chapter 2 ,  Sec tion 

2 . 1 within 90 minutes of irradiation of groups (ii) and (iv} . 

During irradiation , the hams ters were confined in an aluminium 

cage 28 cm x 28 cm with individual cubicles of 1 4  cm x 6 . 5  cm 

for each animal to ensure that each obtained a similar dose of 

radiation . 

2 . 2 . 3 Experimental procedures 

Following infect ion , the hamsters were examined three t imes 

daily at 8 . 00 am, 1 2  noon and 4 . 30 pm . Hamsters were euthanased 

following the methods described in Chapter 2 ,  Section 3 . 1 and b lood 

and bone marrow collected . Days of death are detailed in Appendix 

XXXIII . Control anirr�ls were euthanased when infec ted animals 

showed c linical signs or died , . and on the day on which the last 

of . the respec tive infective groups were found dead or moribund . 

Blood was c ollected a s  described in Chapter 2 ,  Section 3 . 1 

from all euthanased animals .  The PCV and ict erus index were 

estimated as described in Chapter 3, Sec tions 2 . 3 . 1 . 2  and 2 . 3 . 1 . 6  
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respec tively . Blood smears were made for cytological examination 

of cells as described in Chapter 3 ,  Section 2 . 3 . 1 . 3  and p lasma 

visually examined for the presence of free haemoglobin . Bone 

marrow smears  were made and differential counts performed as 

described in Chapter 3 ,  Sec tion 2 . 3 . 1 . 8 .  

Liver , spleen , kidney , bone marrow , lung and card1.ac muscle 

were collec ted from all animals for histological preparation as 

described in Chapter 5 ,  Section 2 . 3 . 2 .  

RBC ' s were collected from the hamsters  C 2 ,  4 ,  6 ,  7 ;  
· rrr 1 4 ,  1 6 , 1 8 , 23 ,  2 7 ,  28 ; Inf 2 7 ,  28 , 2 9 ,  30 , 36 , 3 7  and 

II 4 1 ,  45 , 46 , 4 7 , 52 and prepared for SEM examination as 

described in Chapter 4 ,  Sec tions 2 . 2  and 2 . 3 . 

3 . 0  RE SULT S 

3 . 1  PART I 

3 . 1 . 1  Clinical signs 
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No abnormal clinical signs were seen in any irradiated hamsters . 

3 . 1 .  2 Clinical pa thology 

Haematological and bone marrow dif ferential da ta are tabulated 

in Appendix XXXI I .  Differential counts were not performed on blood 

smears because of the very low WBC count s  in the irradiated hamsters . 

The maj ority of WBC ' s  seen in irradiated hamsters were 

hypersegmented neutrophil s .  

RBC ' s were normal in morphology apart from some crenation ,  

and the presence o f  the occasional ellip tocyte and target cell . 

The re was a decrease in the PCV and haemoglobin level s  by the 

s eventh day . The MCHC , ic terus index and total protein remained 

normal . 

Although the optimum number of cel l s  to be counted for 

bone marrow dif ferentials is c onsidered to be at least 500 



( Schalm et al , 1 9 7 5 ) , the hypocellularity of the marrow f rom 

irradiated hams ters with the exception of those exposed to 600 

RADS and euthanased on days three and seven did not permit 

dif ferentiation of this number . The number of cells 

differentia ted on marrow from those hamsters exposed to 800 RADS 

was between 300-500 with hamster 8 having so few cells on day 

seven that no differential was performed . On day three , 

1 00-200 cells were differentiated on marrow from those hams ters 

exposed to 1 000 RADS .  Only hamster tf had sufficient intac t  

and recognisable cells for differentiation on day seven . 

Marrow cells f rom hamsters 1 0 ,  1 2  and 1 3  were mostly comprised 

of reticulum c ells,  bare nuclei of unknown origin and 

degenerat e  cells of unknown origin . There was the occasional , 

usually hypersegmented Pffi� , and late normob las t .  Cellular 

fragments were common . 

In general , in hamsters euthanased three days post­

irradiation , ery thropoiesis was inhib ited to a greater degree 

than granulopoiesis as demonstrated by increased M : E  rat ios . 

There was a c omplete ab sence of mitotic figures in all 

irradiated marrows (Appendix XXXII) . 

3 . 1 . 3  Gros s  pathology 

On autopsy the carcases had an overall pale appearance 

and spleen s  were pale and much thinner than normal • The 

femur marrow, particularly on day seven , had a ' watery ' consistency 

and appeared to be mostly blood . 

3 . 1 . 4  Histopathology 

3 . 1 . 4 . 1  Liver 

After three days the l ivers showed a slight loss of the 

normal f oamy appearance of the hepatocyte cytoplasm, a variable 

decrease in the amount of  glycogen and accumulation of  pale 

staining haemosiderin within hepatocytes , with dilatation of 

the sinusoid s .  There was some variation between hamsters 
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exposed to the same radiation levels but in general those 

exposed to 600 RADS were least affec ted and those exposed to 

1 000 RADS were mos t  severely af fected . 

Severe l iver changes were seen after seven days in those 

hams ters exposed to 1 000 RADS . The hepatocytes had lost mos t  

of the foamy appearance t o  the cytoplasm and there was very 

little glycogen present with the exception of these hepatocytes 

around the central vein in which larger amounts were retained . 

Sinusoids were widely dilated . Randomly distributed areas 

of focal necrosis were mos t  pronounced in hams ter 1 2 ,  but were 

• present in all hamsters . Increased amount s  of dark staining 

haemosiderin were seen within hepatocytes . 

The liver changes were less severe in those hams ters 

exposed to 600 and 800 RADS seven days post-irradiation when 

compared to the 1 000 RAD group . Loss of the normal foamy 

appearance of the cytoplasm of hepatocytes was ob served ,  and 

also a decrease in glycogen . There was an increase in dark 

staining granules of haemosiderin within the hepatocytes of' 

portal areas . 

The livers  in control hams ters showed no abnormalities . 

3 . 1 . 4 . 2  Spleen 

Lymphocyte depletion o f  the lymphoid follicles at three 

days post-irradiation was most severe in those animals exposed 

to 1 000 RADS and least in those exposed to 600 RADS .  The small 

quant ities of dark s taining haemosiderin seen in macrophages 

a ssociated with the depleted lymphoid follicles were similar 

to the quantities of haemosiderin seen in the lymphoid follicles 

of the controls . 

Af ter seven days there was a slight increase in the number 

of lymphoblasts in the iymphoid follicles o f  those animals 

exposed to 6 00 RAD S .  Lymphoid follicles of those animals exposed 

to higher doses of radiat ion remained depleted . In all 
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animals the quantities of haemosiderin were similar to that at  

three days . 

The spleens of non-irradia ted hamsters showed no lesions . 

3 . 1 . 4 . 3  Kidney 

No signif icant lesions were observed in any kidneys . 

3 . 1 . 4 . 4  Bone marrow 

All marrows were hypoc ell ular three days post irradia tion 

due to loss of nucleated cells . Those hams ters exposed to 1 000 

RADS showed the mos t  severe changes with the marrow containing 
· predominantly endothelial c ells , reticulum cells ,  and b lood 

vessels and sinusoids f illed with RBC ' s . There was the occasional 

hypersegmented PMN , late normoblas t and megakaryocyte . Active 

haemopoiesis  in the form of groups of undifferentiated blast . cells 

and immature erythroid and granulocytic cells was seen only in 

those hamsters exposed to 6 00 RAD S .  Hypersegmented PMN ' s  were 

f requently seen . 

After seven days , marrow from the hamsters exposed to 

1 000 RADS was almost acellular with no signs of regenera t ing 

nuc leated cells . Marrow f rom those hamsters exposed to 800 RADS 

was less cellular than at three days but the occasional group of 

large undifferentiated nucleated cells was seen .  Those animals 

exposed to 600 RADS had a more cellular marrow than either of 

the other group s .  

N o  haemosiderin was seen in marrow of any irradiated hamster . 

Bone marrow in control hamsters was normal . 

3 . 1 . 4 . 5 Lungs 

Some areas of alveolar collap se , vesicular emphysema , 

and intra-alveolar RBC ' s  resulting from inhalation of blood following 

severance of blood vessels were seen . 

3 . 2  PART II 

3 . 2 . 1 Clinical signs 

Irradiated con trol hamsters euthanased f ive days post-
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irradiation showed no abnormal c l inical s ign s .  Irradiated 

control hams ters euthanased 1 1  days post-irradiation showed 

varying degrees of emaciation despite wha t  appeared to be normal 

appetites . Hamster lrr 1 9  was the mos t  s everely affec ted and 

had a b ilateral c onjunctivitus with a yellow discharge . 

The ballum infected and the irradiated ball um infec ted 

hamsters showed clinical signs of illness similar to those  

described for hamsters infec ted with- ba11 um strain 1045 in 

Chapter 3 ,  Sec tion 3 . 1 . 2 . The c l inical s igns of the irradiated 

and infected hamsters were noted earlier and persisted f or 

• longer before the animals became moribund than those of the 

infected only hamsters . Deaths also occurred earlier in the 

infected- irradiated group . Only one hamster ( Inf 38 ) 

survived the infec tion with no c linical  signs and was euthanased 

on day 1 4 . 

3 . 2 . 2  Clinical pathology 

3 . 2 . 2 . 1  Haematology 

The PCV , icterus index , and present or absence of 

haemoglob inaemia for all animals are tabula ted in Appendix XXXIII . 

Irradiated con trol animals euthanased 1 1  days post­

irradiation had PCV levels lower than the untreated con trol 

animals .  The plasma of irradia ted hamsters remained normal . 

No haemoglobinaemia was observed .  

Infec ted animals showing clinical signs had decreased 

PCV l evels ,  those  animals with the lowest PCV ' s  having the higher 

icterus index levels and a more severe haemoglob inaemia .  The 

irradiated-infec ted hams ters had a greater decrease in the PCV 

than the infected , non-irradiated hamsters before an increased 

ict erus index and haemoglobinaemia b ecame obvious (Appendix 

XXXI I I ) . Thus hamsters Inf 2 9  and Inf 33 had PCV ' s  of 0 . 1 9 

and 0 . 23 respect ively which were accompanied by a raised 

icterus index and severe haemoglobinaemia while hamsters II 4 5  

and II  46  which had the respect ive PCV ' s  of 0 . 1 9 and 0 . 23 had 
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only a slightly raised icterus index with slight haemoglob inaemia 

and a normal pla sma respectively . Hams ter Inf 38 which survived 

the infec tion has a normal PCV and plasma .  

The RBC cytology of the irradiated controls was normal 

except for the presence of slight crenation which was also seen 

in the untreated controls, and some elliptocytes and target cells 

which were not seen in the untreated c ontrols . Very few WBC ' s  

were seen in the blood smears from irradiated hamsters , but 

when presen t  were usually hypersegment ed PMN ' s . Hamsters Irr 1 9  

t o  Irr 2 4  had some band cells and the total numbers of WBC ' s  

• were increased in these six animals . 

RBC and WBC morphology of the infec ted hamsters was similar 

to that described in Chapter 3 ,  Sections 3 . 2 . 1 . 2  and 3 . 2 . 2 . 2  

respect ively . Cells f rom hamster Inf 38 were normal . 

RBC morphology of the irradiated-infected hamsters showed 

anisocytosis , poik i locytosis and spherocytosis similar to that 

in the infected hamsters . PMN ' s  were rare and those found· in 

the smears of hamsters dying f ive to s ix days af ter infection 

were hypersegmented and showed ' toxic ' chan ges . Band cells were 

more frequently seen in hamsters 7 to 1 1  days post infec tion . 

The total WBC coun t ,  as judged by smear examination , appeared 

larger in those dying at this later date after infection and 

irradiation . 

3 . 2 . 2 . 2  Bone marrow differentials and cytology 

Bone marrow cell differential data are presented in 

Appendix XXXIV . Dif ferentials were not performed on those animals 

which were found dead . In some irradiated and irradiated-infected 

hamst.ers , the marrow was too hypocellular to allow accurate 

differen tial count s  to be made . In these cases only the cell 

cytology was described . 

a )  Irradiated con trols 

Marrow from the irradiated con trol hamsters Irr 1 3  to 

Irr 1 8  was hypocellular and contained mostly blood , reticulum 
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cells and bare nuclei of unknown. origin . There was the occas ional 

hypersegmented PMN and late normoblas t . 

Marrow from irradiated control hamsters Ir:r 1 9  to I'rr 24  

showed increased haemopoiesis . There was asynchrony in development 

between the nucleus and cytoplasm of granulocy te precursors . This was 

shown by a more extensive an.d basophilic cytoplasm than normal , 

along with the persistence of ·azurophilic granules , clumped 

nuclear protein and p ersistent nucleoli .  Some binucleated PMN ' s 

were seen , and some PMN 's had fragmented nuclei . Some granulocytic 

cells appeared to become degenerate while undergoing mitosis . 

·Phagocytosis of cells of the granulocytic seri�s was occasionally 

seen .  

Erythroid cells also showed developmental abnormalities in 

·the form o f  b inucleated early normoblasts and normoblas t s , with 

some normoblasts con taining abnormally shaped nuclei . Occas ional 

erythroid precursors also appeared t o  degenerate while undergoing 

mitosis . Unclassified blast cells with intensely blue cytoplasm , 

large nuclei and several nucleoli were also seen . 

There was a wide variation in the M : E ratios of irradiated 

hamsters with much variation in the number of mitoses , the 

proportions of cell types within a cell line and the number of 

disintegrating cells (Appendix XXXIV) . 

b )  Infec ted hamsters 

There was wide variation in the M : E  ratio (Appendix 

XXXIV) which rang�d f rom 1 1 . 2 : 1 in hamster Inf 36 to 0 . 4 : 1  in 

hamster Inf 2 7 . Cell cytology was s imilar to that described f or 

bal l um 1 04 5  infections described in Chapter 3 ,  Sec tion 3 . 2 . 3 . 2 .  

Late normoblast s  with abnormally shaped nuclei, and phagocytosis 

of cellular debris were frequently seen . Marrow from hamster 

Inf. 36 was morphologically normal . 

c )  Irradiated-infected hamsters 

No differentials were performed on hamsters in this 

group . due t o  the large numbers of bare nuclei and disintegrating 

cells of unknown origin .  
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1 9 7  

Hamsters which became moribund soon af ter infection had an almost 

acellular marrow. The occa sional late normoblast and degenerate PMN 

was seen . Reticulum cells and bare nuclei were seen . 

Hamsters II 4 1  and II 48 showed ery throid and granulocyte 

precursors indicative of haemopoiesis . PMN ' s  often had fragmented 

nuclei and were often seen to degenerate under mitosis . The presence 

of many granulopoietic cells at all stages of development was noted 

in hamster II  4 7 .  Asynchrony of development between the nucleus 

· and cytoplasm was seen . The granulocyte precursors were larger than 

normal . 

Marrow from hamsters II 50 and II  5 2  was the most cellular and 

contained many imn1ature erythroid and granulocytic cell s ,  bare nuclei 

and macrophages containing cell debris . Larger numbers of  

megakaryocytes were also seen in these hams ters than in animals which 

died earli�r . Large monocyte-like cells were frequ�ntly seen . 

3 . 2 . 2 . 3  RBC Ultrastructural morphology 

RBC ' s  f rom untreated controls (Fig. 8- 1 )  were morphologically 

similar to those described in Chapter 4 ,  Sect ion 3 . 1 . 1 .  

a )  Irradiated controls 

Echinocytes were frequently seen in irradiated controls 

(Fig . 8-2)  and were s imilar in appearance t o  those in early ball um 

1045 infections of hamsters and after pomona ' toxin ' inj ections 

of calves as described in Chapter 4 ,  Sec tion 3 .  1 . 2 . 

b )  Infec ted hamsters 

RBC ' s  were examined from hamster Inf 36 which had 

normal plasma and hamsters Inf 2 7 ,  Inf 2 8 ,  Inf 29 , Inf 31 and Inf 37 

which were haemoglobinaemic . RBC ' s  f rom hamster Inf 36 were 

echinocyt ic while those from the other hamsters were pitted and 

spherical as desc r ibed in Chapter 4 ,  Sect ion 3 . 1 . 2 . 2 . In addition , 

some RBC ' s  appeared to have small spherical cellular fragments 

attached to the surface of the membrane s imilar to those in 

hamsters which were both infected a�d irradiated (Fig . 8-3) . 



Fig . 8- 1 

RBC ' s  from a control hamster demonstrating the normal 

b iconcave discoid shape. with the occasional surface 

irregularity . 

SEM 4 , OOOx 

Fig 8-2 

RBC ' s  from an irradiated hamster f ive days post-irradiation 

demonstrating echinocytes (E) and the occasional discocyte 

(D) . 

SEM 4 , 000x 

Fig 8-3 

RBC ' s  f rom a haemoglobinaemic hamster euthanased six days 

following irradiation and infec tion with ball um .  Pit ted 

spherocytes (S ) , microspherule (arrow) formation and 

platelet  debris (P) are presen t .  

S EM  8 , 000x 





c )  Irradiated-infec ted hamsters 

RBC ' s  from the anaemic, non"""haemoglob inaemic hamster 

II 4 1  were echinocytic ,  similar to those in Fig . 8-2 and described 

in Chapter 4 ,  Section 3 . 1 . 2 . RBC ' s  from the anaemic , non­

haemoglob inaemic hamster II 46 which had normal plasma and the 

anaemic hams ter II 45 which had an icterus index of 7 . 5  and slight 

haemoglobinaemia were spherical and p it ted as were RBC ' s  from 

the anaemic , severely haemoglob inaemic , j aundiced hamsters II 4 7  

and I I  5 2 .  The severely haemoglobinaemic hamsters of ten had small 

spherical cellular fragment s  attached to the surface of the membrane 

(Fig . 8- 3) . 

3 . 2 . 2 . 4  Gross pathology 

a) Irradiated controls 

The gross autopsy findings were similar to those 

described in Section 3 . 1 . 3 . In addition those euthanased at  1 1  days 

post- irradiation were emaciated . The gross pathological changes 

are summarized in Appendix XXXIII . 

b) Infected hamsters 

The pathological features are similar to those described 

in Chapter 5 ,  Sect ion 3 . 1 . 2 . 2 , and summarized in Appendix XXXIII . 

c )  Irradiated-inf ected hamsters 

The maj or gross  pathological features are summarized in 

Appendix XX..X.III . In general ,  the carcases were less j aundiced than 

those of the infected group and the spleens , although red , congested 

· and f riab le were very much smaller than those from infec ted animals .  

Urine was often dark red in the absence of haemoglobinaemia . The 

kidneys were sometimes pale and enlarged with red urine within the 

pelvis . Hamster II 46 had a blood c lot distending the b ladder 

f our to f ive t imes its  normal s:ize .  Hamsters II 4 9 , II 5 1 · and II 5 2  

c ontained b lood in the large intestine ,and the body cavities 

contained larger amount s  of blood s tained f luid : 

3 . 2 . 2 . 5  Histopathology 

The histology of the l ivers , spleens , kidneys , marrow, 

lung and cardiac muscle of untreated controls was s imilar to 
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that described in Chapter 5 ,  Sectioni 3 . 3 . 1 . 1 ,  3 . 3 . 2 . 1 ,  3 . 3 . 3 . 1 ,  

3 . 3 . 4 . 1 ,  3 . 3 . 7 and 3 . 3 . 1 0  respec t ively . 

3 . 2 . 2 . 5 . 1  Liver 

a)  Irradiated controls 

In hamsters irr 1 3  to Irr 1 8 ,  changes were similar 

to those recorded in hamsters _ euthanased seven days post­

irradiation ( Section 3 . 1 . 4 . 1 ) .  

Hamsters Irr 1 9  to Irr 24 had changes s imilar to those in 

irradiated controls euthanased earlier . In addition there was 

e�tramedullary haemopoiesis and the inf iltration of a small number 

of macrophages and PMN ' s  within the sinusoids . Haemosiderin 

deposition was more marked in these hamsters than those euthanased 

f ive days post-irradiat ion . 

b)  Infect ed hamsters 

The histological f indings were similar to those 

described from ball um infec tions in Chapter 5 ,  Sec tion 3 . 3 . 1 . 2 .  

Hamster inf 38 showed only minor lesions consisting o f  a s light 

loss of the normal foamy cytoplasmic appearance to the hepatocy tes 
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and the accumulation o f  small numbers of mononuclear cells with a portal 

distribution . No leptospires and little haemosiderin was seen . 

c )  Irradiated-infected hamsters 

There was loss of the normal foamy appearance to the 

hepatocyte cytoplasm accompanied by cytoplasmic vacuolat ion . 

Dilatation of the s inusoids occurred particularly around the central 

veins . Degeneration of c ells was more obvious around the central 

veins although coagulative necrosis was not as extensive as in the 

infected hamsters . Mononuclear cell inf iltrations were very small 

o r  absent . Erythrophagocytosis was frequently seen with some 

macrophages containing large numbers of RBC ' s  or large quantities 

of a p ink proteinaceous material considered to be haemoglob in .  

Small round intensely staining RBC ' s  ( spherocytes) were seen within 

the s inusoids and blood vessels . 



Pale s taining and some dark granular haemosiderin was seen 

within hepatocytes , Kupffer cells and some macrophages . The quantities 

of haemosiderin were larger in those hams ters which survived for longer 

post irradiation and infec tion . 

Leptospires were seen in larger numbers than in the infec ted 

non-irradiated hams ters and were located in the sinusoids and between 

the hepatocytes .  

Hamster I I  5 2 ,  moribund and euthanased 1 1  days po's t-infec tion 

had more coagulative necrosis and PMN inf iltration than those which . 
died earlier . Mononuclear cell infiltration of portal areas was 

also more obvious . Spherocytes were observed within b lood ves sels 

and s inusoids . Glycogen was completely absent from the hepatocytes . 

Both the pale staining and dark granular haemos iderin were more 

f requently seen in the hepatocytes of this hams ter when compared to 

those hamsters dying earl ier following infec tion . Many leptospires 

were also seen . 

3 . 2 . 2 . 5 . 2  Spleen 

a ) Irradiated controls 

Histological f indings of hams ters Irr 1 3  t o  Irr 1 8  

euthanased f ive days post-irradiation were similar t o  those o f  the 

hamsters exposed to 800 RADS in Part I ,  Sec tion 3 . 1 . 4 . 2 . Occasional 

foci of cellular necrosis were randomly distributed through the red 

pulp . This was mos t  obvious in Irr 1 7 .  These hams ters had larger 

accumulations of haemosiderin within macrophages and reticular cells 

o f  the red pulp and dark s taining granules within macrophages and 

reticular cells of the depleted lymphoid follicles than the control 

hamsters . 

Hamsters Irr 1 9  to Irr 24  euthanased 1 1  days post-irradiation 

showed evidence of lymphoid regeneration by increased numbers of 

1ymphoblasts and some mature lymphocytes . Extramedullary 

haemopo iesis was evident by the presence of groups of undifferent­

iated b last cells , granulocytic and erythroid precursors and 

megakaryocytes within and between the reticular cords of the red 
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pulp , immediately below the f ibrous outer capsule of the spleen and 

along the f ibrous trabeculae (Fig . 8-4 ) . Large amount s  of dark 

granular haemosiderin were seen within macrophages in the lymphoid 

follicles and large amounts of pale ,  dif fuse haemosiderin within 

macrophages and retic ular cells of the red pulp . 

b )  Infected animals 

His tological lesions were s imilar to those described 

in Chap ter 5 ,  Sec tion 3 . 3 . 2 . 2 .  

Hams ter In( 38 showed no . signs o f  splenic congestion and 

erythrophagocytosis was normal . There was proliferation of 

�lymphocytes with cells extending beyond the marginal zone of the 

lymphoid follicle . PMN ' s  were seen in the reticular cords of the 

red pulp . Haemosiderin quantities and distribution wa s normal . 

No leptospires were seen . 

c)  Irradiated-infec ted animal s  

Spleens from those animal s  found dead showed congestion 

· of the s inusoids and spaces between the reticular cords by large 

numbers of spherocytes . There was much evidence of erythrophago­

cytosis with macrophages containing either large numbers of RBC ' s  

or a homogeneous pink proteinaceous material considered to be  

haemoglobin . Lymphoid depletion of the lymphoid foll icles was 

greater than in the infected hams ters and larger quantities  of 

pale diffuse and dark granular haemos iderin were seen within 

macrophages and reticular cells . 

Spleens from hamsters· II  4 1 ,  I I  46 , and II 50  which were 

not yet haemoglobinaemic showed congestion of the sinusoids and 

spaces between the reticular cords by RBC ' s  to a lesser extent 

than was found in haemoglobinaemic animals . Eryth·rophagocytosis 

was still very obvious as was lymphoid depletion of the lymphoid 

follicles .  

Animal s  such as I I  5 2  which survived for longer had more dark 

granular haemosiderin within the cells associated with the 

lymphoid follic les and pale diffuse haemosiderin within macrophages 
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and reticular cells of the red pulp than those animals which 

died sooner from the inf ection . 

In all animals many leptospires were seen within sinusoids 

and the conges ted spaces between the reticular cords . Fewer 

organisms were seen in the lymphoid follic les . 

3 . 2 . 2 . 5 . 3  Kidney 

a) Irradiated controls 

Kidneys from hamsters I rr 1 3  to I rr 18 had no 

s ignif icant lesion s .  Those from hamsters Irr 19 to Irr 24 showed 

no  or only minor changes consisting of vacuolation and loss of 

·microvilli of epi thelial cells from the occasional proximal 

convoluted tubul e .  There was loss of epithel ial cells from the 

renal papilla in some hams ters .  No  haemosiderin was seen . 

b )  Infec ted hams ters 

Histological lesions in these hamsters were similar . 

to those described in Chapter 5 ,  Section 3 . 3 . 3 . 2 .  Haemorrhage 

into the Bowman ' s  capsules and tubules a ppeared more severe in 

the M4/9 inf ec t ion of the present experiment when compared to the 

1 045 infection described in Chapter 5 .  Areas of necrosis •.vere 

seen at the corticomedullary junction . Mononuclear cell 

infiltration s ,some very large , were f ound around blood vessels in 

the medulla and pelvic areas . 

Large colonies of leptospires were ob served within b lood 

vessels and between the tubules of the corticomedullary j unction, 

the medulla and renal papilla . Smaller numbers of organisms were 

seen in the cortex .  There were single or small groups of organisms 

migrating between tubular epithelial  cells and within tubules of 

the cortex and medulla . 

Hamster Inf 38 showed few renal lesions . There was some 

vacuolation of epithel ial cells , the occasional cellular cast 

in tubules and small perivascular inf iltrations of mononuclear cells . 

Few leptospi.res were seen and those present were in the lum±na of 

the proximal convoluted tubules . 
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c )  Irradiated-infected hams ters 

All hamsters showed the same changes described for the 

infected hams ters with the absence of the mononuclear cell 

inf iltration s .  In addit ion , with the excep tion of hams ters II 4 7 ,  

I I  48 and I I  4 9 ,  there was renal p apillary necrosis . Renal 

papillary necrosis was associated with haemorrhage within the 

medulla , immediately above the papillary ep ithelium, and into the 

urinary space of the pelvis . These pathological changes were mos t 

severe in hams ter II 46 giving rise to the blood clot within the 

bladder . Granular deposits of haemosiderin were often found within 

the tubules . Hamster II 48 while showing no haemorrhage a ssoc iated 

with renal papillary necrosis had haemorrhage within the fat 

deposits around the renal capsul e .  

The distribution o f  leptospires was similar t o  that of the 

infected hamsters with larger numbers of organisms presen t .  

3 . 2 . 2 . 5 . 4  Bone marrow 

a )  Irradiated controls 

Marrow from hamsters Irr 13 to Irr 18  f ive days post­

irradiation was almost acellular , the remaining nucleated cells 

were mainly the endothelial and reticulum cells lining blood vessels 

and sinusoids . Occasional small groups of unclassif iable blast cells 

(Fig . 8-5 ) , late normoblasts and hyper segmented PMN ' s  were f ound , 

mainly in trabeculae at the proximal end of the femur . 

Marrow from hamsters Irr 1 9  to Irr 24 1 1  days post-irradiation 

showed con s iderable regeneration within the marrow cavity . Groups of 

haemopoietic precursor cells  were f ound, with granulopoiesis occurring 

more to the periphery of the femur and within the trabeculae at  the 

proximal end and erythropoiesis occurring towards the centre of the 

marrow cavity . Giant granulopoietic cells, many _with nuclei in a 

large rin g  f orm , and increased numbers of megakaryocytes were seen . 

Little or no haemosiderin was presen t .  

b )  Infec ted hamsters 

Marrow from all hams ters excep t Inf 38 was hypocellular 

and similar to that described in Chapter 5 ,  Section 3 . 3 . 4 . 2 .  Marrow 

from Inf 38 was norma l .  
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Fig 8-4 

Spleen from a hams ter euthanased 11 days post-irradiation . 

Two colonies (Cl  & C2)  of regenerating cells with different 

cytoplasmic and nuclear characteristics are seen on either 

side of the f ibrous trabecula (F) . 

H&E 2 00x 

Fig 8-5 

Bone marrow from a hamster euthanased f ive days post­

irrad iation . Groups of unclassifiable bla s t  cells (arrows) 

are present amid the RBC ' s .  Sinusoids ( S )  and the central 

ve :i.n (CV) may be seen . 

H&E lOOx 
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Large numbers of leptospires were seen in all hams ters except 

hamster Inf 38 in which no organisms were detec ted . 

c )  Irradiated-infected hamsters 

Marrow from all hams ters dying five to six days pos t-
. 

infec tion was acellular except f or the presen�e 0f endothelial and 
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reticulum cells and the occasional group of unclassifiable b last cells . 

Erythrophagocytosis was frequen t . No haemosiderin was presen t . 

In hams ters dying at a l ater date there was recolonization which 

appeared to commence within the trabeculae at the proximal head of 

.the f emur . The amount of regeneration varied between hams ters with 

hamsters II 4 7  and II 48 showing a slight increase in erythcoid 

and granulocytic cells and hamsters II  4 9  and I I  52 showing greater 

number s .  The patterns of regeneration and cell cytology was similar 

to that of the irradia ted controls . 

Individual , small groups and large colonies of leptospires were 

seen more frequently than in the inf.ected , non-irradiated group of 

animals . 

3 . 2 . 2 . 5 . 5  Lung 
a )  Irradia ted c ontrols 

Lung sec tions from all hamsters showed areas of 

alveolar collapse and emphysema with intra-alveolar RBC ' s .  

Hamster I rr 1 3  contained some pink proteinaceous f luid within the 

bronchioles and alveoli . 

b )  Infected and irradiated-infected hamsters 

Lungs from all infected and irradiated-infected 

hamsters which were found dead had severe congestion and large 

quantities  of a homogenous pink proteinaceous f luid present in the 

alveoli;  alveolar duc ts and bronchioles . Larger blood ves sels often 

con tained large numbers o f  WBC ' s . Euthanased hamsters usually 

showed less pulmonary congest ion and exudation than those found 

dead . Collapse, emphys ema and intra-alveolar RBC ' s  were similar 

to that of the controls .  



Small numbers of leptospires were present in the alveolar 

septae and larger numbers were frequently found in blood vessels . 

No organisms were seen in hamster Inf 38 . 

Haemosiderin was presen t  in many alveolar macrophages except 

those of hamster Inf 38 . 

3 . 2 . 2 . 5 . 6  Cardiac muscl e 

a ) Irradiated control s 

No lesions were seen . 

b ) Infected and irradiated-in fected hams ters 
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Cardiac muscle was histologically normal in al l infected · 

hamsters apart  from the presence of  the occasional bundle of muscle 

f ibres showing a slight pallor . This pallor was also noted in the 

irradiated-infected hamsters .  In addit ion , hamsters II  4 3  and 

I I  44 had some haemorrhage b etween muscle f ibres , and vacuolation 

and degeneration of muscle f ibres . 

Lept ospires were not seen within the cardiac muscle of either 

group of hamsters but were seen singly , in small groups or large 

colonies within the coronary blood vessels and heart chambers . 

Larger numb ers were seen in the irradiated-infected group . 

4 . 0  D I SCUS S I ON 

The present experiments were performed to determine the effec t s  

of suppression o f  the reticulomacrophage sys tem o n  the pathogenesis 

of the d isease and in particular , the rate of RBC destruction and 

the degree of haemoglob inaemia . 

The results of the present experiment were inconclusive due 

to . several complicating factors which arose throughout the course 

of the experiment .  

icterohaemorrhagiae 

Cousineau , ( 1 9 7 7b ) 

By comparison the effects of irradiation upon 

infected guinea pigs reported by Higgins & 

gave c lear cut results which , according to the 

authors , were directly attributable to suppression of the 

reticulomacrophage sys tem. The most important factor in the present 



s tudy was the failure of irradiation. to completely suppress the 

ac tivity of f ixed macrophage s .  Although enlargement of the spleen 

of irradiated ballum infected hamsters did not occur to the same 

extent as in the infec ted only group , those macrophages already 

present showed much activity and erythrophagocytosis was obvious . 

In the irradiated-infec ted group , there was his tological evidence 

for seques tration of RBC ' s  and erythrophagocytosis in those animals 

which were not yet haemoglobinaemic indicating that as in the 

·infected only group , abnormal RBC ' s  were being detected and removed . 

The radiation level of 800 RADS was chosen for use in Part II 

pf the experiment because the level of 600 RADS appeared too low to 

deplete the spleen and bone marrow of lymphoid and haemopoietic 

t issues while those hams ters exposed to 1000 RADS showed more 

severe tissue damage in the f orm of coagulative necrosis of 

hepatocytes . That more tissue damage could be expec ted in the 

1000 RAD group was also shown by previous workers who demonstrated 

that following exposure to 1 , 000 to 1 0 , 000 RADS , deaths in hamsters 

were associated wi th the gastrointestinal syndrome and exposures 

higher · than 8 , 000 to 1 0 , 000 RADS deaths were associated with 

a central nervous sy stem syndrome (Eddy & Casarett ,  1 9 72 ) . As 

bal l um also causes hepatic lesions , it was c onsidered that the liver 

lesion s  induced by 1 , 000 RADS would interfere with the interpretation 

of leptospiral induced disease.  Because of the reported prominent 

reduc tion in bone marrow cellularity with 825  RADS manifested by 

the severe reduc tion in the number of cells and degeneration 

of the blood cell precursors at  five dayi (Eddy & Casaret t ,  1972 ) , 

i t  was decided that the 800 RAD level would be the mos t  appropriate 

for use in the present experiments . Higgins & Cousineau ( 1 9 7 7b )  

d o  n o t  discuss their rationale f o r  their selec tion o f  500 RADS 

for irradiation of the guinea pigs . 

The second factor c on�licating the result s  was the rapid 

recovery of the lymphoid and haemopoietic systems following 

irradiation . Recovery of haemopoiesis has been reported in mice 

and Chinese hamsters af ter six days and to be almost complete in 
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some animals after ten days (Ludwig & Kahn , 1 964 ) . Ac tive 

regenerat ion of haemopoiesis has been reported in golden hams ters 

after eight days ( Eddy & Casarett , 1 972) . From earlier experiments 

it was estimated tha t  the weanling hams ters used in the present 

experiments should have died five to six days post-infec tion as a 

result of RBC des truc tion which 'tvould have been within the shorter 

regeneration time of six days reported f or Chinese hams ters . I t  

has been suggested that Chinese and golden hams ters have 

equival ent regenera tive ab ility (Eddy & Casaret t ,  1 9 72 ) .  

Irradiated con trol and infec ted hams ters euthanased 1 1  days 

post-irradiation had groups of haemopoiet ic c ell precursors in 

the spleen , bone marrow and l iver as a result of the survival of 

stern cells (Bond et al , 1 965 ; Eddy & Casare t t , 1 9 7 2 ;  Quesenberry 

& Levitt , 196 9 )  which are capable of mul tiplication and 

differentiation to the various cell l ines (Kretchrnan & Conover , 

1 970 ; Quesenberry & Levi t t ,  1 979) . It  seems probable that the 

irradiated and infec ted animals would have a greater s timulus 

for haemopoiesis than irradiated animals as the presence of 

bac terial endotoxins (Quesenberry et al , 1 9 78 )  and anaemia 

(Necas & Neuwirt ,  1 970)  are capable of stimula ting differen t ia tion 

to and increasing production of granulocyt ic and erythroid 

cells respec tively . The differential positions of groups of 

haemopoietic cells depends upon the posit ion of the stem cell 

within the spleen or bone marrow (Quesenberry & Levit t  1 9 7 9 )  

which determines the ' haemopoietic induc t ive microenvironment ' .  

In mice this has been demonstrated by the fact that under 

haemopoietic stress the spleen becomes an erythropoietic organ 

while the bone marrow becomes granulopoietic (Quesenberry & 

Levit t ,  1 9 7 9 ) . The groups of granulopoietic cells which were 

found within the boney trabeculae of the head of the femur in 

the present work may have resulted from factors influencing the 

preferen t ial produc tion of granulocytes which , in mice , appear 

to be associated with the endosteum and boney trabeculae 

( Schwartz  & Greenberg , 1 98 1 ) . This preferential produc tion of 
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granulocytes results in the bone marrow becoming granulopoietic 

rather than erythropoietic (Quesenberry & Levit t , 1 9 7 9 ) . The 

description of the irradiation and infec tion of guinea pigs by 

Higgins & Cousineau ( 1 9 77b )  did not include mention of active 

lymphoid and haemopoietic regeneration as in terfering with their 

resul ts . 

The increased M : E ratios seen in irradiated animals 

euthanased three days post-irradiation resulted from the fac t that 

the erythroid precursors are more sensitive t o  radiation and 

therefore more effectively destroyed (Eddy & Casarett , 1 972) . 

Another complicating factor was the haemorrhage which resulted 

from vascular damage and renal papillary necrosis and ob scured the 

degree of anaemia produced by infection and RBC destruc tion .  

Irradiation produces f luid loss and haemorrhage as a result of  

vascular damage and thrombocytopaenia (Eddy & Casarett , 1 9 7 2 ) . 

TI1e extent of the anaemia in hams ters as a result of haemorrhage 

was well demons trated hy hamster II 46 which , while not haemoglobin­

a emic , had a PCV of 0 . 2 3 and a large blood clot  within the b ladder . 

The pathogenesis of the renal lesions was discussed in Chapters· 5 

and 6 ,  as was the signif icance of .endothelial  cell damage in those 

hamsters which were infec ted but not irradiated . Although bal l um 

has not been reported a s  inducing more haemorrhagic disease than 

icterohaemorrhagiae there is histological evidence of haemorrhage 

into the Bowman ' s  Capsules and ultrastruc tural evidence of damage 

to the glomerular endothelial cells (Chapters 5 and 6 ) . I t  is 

not surprising theref ore that a combination of irradiat ion and 

infection should produce more haemorrhage than would normally be 

seen in infected only hamsters . It is surprising however ,  that 

a similar phenomenon was not observed in the icterohaemorrhagiae 

infec ted guinea pigs described by Higgins & Cousineau ( 1 9 7 7b) 

particularly as icterohaemorrhagiae is reported as produc ing 

extensive petechial haemorrhages (Arean , 1 962b ; Arean et al , 1 96 4 ; 

De Brito et al , 1 96 6 ; Higgins & Cousineau , 1977a) . Although 

platelet counts and clotting fac tor examina tions T.Yere not done in 
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the present experimen t s ,  had a thrombocytopaertia been presen.t a s  has 

been reported in inf ections with canicola ( Chaperon et al , 1 97 9 ; 

Finco & Low, 1 9 6 7 )  and icterohaemohaemorrhagiae (Higgins & 

Cousineau , 1 977a)  then this combined with the thrombocytopaenia 

and vascular damage of irradiation (Eddy & Casarett , 1 972)  should 

have produced grea ter haemorrhage than in the infected , non­

irradiated group . 

Although the numbers of animals examined by SEM were small 

it  appears that  imp�irment . of the retic ulomacrophage system did 

have some effect as pitting and spherocytosis of RBC ' s  was seen 
"in one irradiated-infected animal before haemoglobinaemia was 

present . Thi s  differed from the situation in non-irradiated 

infected hams ters in both 1 045 and M4 / 9  inf ections in which 

pitting and spherocytosis were always accompanied by haemoglob in­

aemia , suggesting that these cells were undergoing intravascular 

haemolysis . The presence of pitted , spherical RBC ' s  in the 

absence of haemoglob inaemic demonstrated that these cells , in 

the early s tages of the disease at lea s t ,were not necessarily 

undergoing intravascular haemolysis but were being sequestered 

and phagocytosed . In the later s ta ge s  of the disease where 

haemoglob inaemia was present in the irradiated-infected hamsters 

intravascular haemolysis may be present and the small spherical 

bodies attached to P�C surfaces may be RBC fragments . Red cell 

fragmentation is described as one method of haemolysis and may 

be seen in a variety of anaemias such as Coomb ' s  positive 

haemolyt ic anaemia (Weed & Reed , 1 9 6 6 ) . Further experiment s  need 

to be  conduc ted in order to determine the extent of splen ic and 

hepatic sequestration of RBC ' s  and to verify whether haemoglobin 

is  in fact released back into general c irculation . The degree of 

haemoglobinaemia in infected,  surgically splenectomised animals 

would be  of interest although , a s  also discussed in Chap ter 5 

erythrophagocytosis is seen in both liver and bone marrow .  

The presence of echinocytes following irradiation has not 

b een previously recorded . Damage to sulphydryl groups follows 
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irradiation ( Sutherland & Pihl , 1 96 7 )  and membrane damage by 

organic mercurials ( Sutherland et al , 1 96 7 ;  Weed et a1 , 1 96 2 ) . 

The latter agents  produce altered Na+ 
and K

+ 
permeability and 

inhibition of glucose uptake by the RBC ' s  As both glucose def ic iency 

(Bessis , 1 9 7 3 ;  Brecher & Bessis , 1 9 7 2 ) and Na+ and K+ imbalance 

(Jandl , 1 9 6 5 ; Kaneko , 1 974 ; Valentine , 1 9 7 9 )  cause echinocyte 

formation , it seems a likely hypothesis that irradiation damaged 

the RBC ' s  sulphydryl groups resulting in altered glucose uptake 

and/or Na
+ 

and K
+ 

permeab ility and resul ted in echinocyte f ormation . 

While b ilirubin levels were not quantitated ,. it was not iced 

•on visual inspec tion that the caftases of the irradiated 

infec ted hamsters were less j aundice.d than the infec ted hamsters . 

This difference is most likely due t o  the difference in the total 

amount of erythrophagocytosis . Haemorrhage would have resulted 

in the loss of many REC ' s  into the renal pelvis and bladde r .  

Hyperplasia o f  the macrophage sys tem was inhib ited . If  b il irubin 

accumulation was due to leptospiral induced liver disfunction then 

j aund ic e  should have been similar in both groups of animals , 

maybe with more in the irradiated-infected group as radiation was 

shown to produce hepatocyte degeneration . 

The accumulation of iron in the form of haemosiderin was due 

to the breakdown of RBC ' s  and haemoglobin . In the infec ted 

group of animals , this breakdown occurred over a short p eriod of 

t ime and the iron was not immediately re-used in erythropoies is . 

Dark granular deposits were seen in those animals which survived 

· for longer allowing concentration of the haemosiderin deposits . 

Erythropoiesis was completely inhibi ted for some days in the 

irradiated animals allowing accumulation of iron or haemosiderin 

which would normally have been utilized in RBC produc tion . The 

effec t s  of increased RBC breakdown and decreased erythropoiesis 

were combined in the irradiated ball um infec ted hams ters causing 

inc reased quantities of haemos iderin to accumulate . 

This experiment was s t imulated by the work of Higgins & 

Cousineau ( 1 9 77b ) who reported no complications in the interaction 
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of irradiation and leptospiral infections of guinea pigs and 

repor ted very clear cut results in that only the icterohaemorrhagiae 

infected-nonirradiated guinea p igs were j aundiced . There are 

definite species differences both in actual sensitivity to 

radiation and the types of lesions result ing from radiation . 

Species such as guinea pigs , man and dogs show a large degree 

of haemorrhage as a result of thrombocytopaenia, while the 

rabbit , rat and mouse show little haemorrhage (Bond et al , 1 96 5 ) . 

Higgin s  & Cousineau ( 1 977b )  used guinea .pigs for their 

radiat ion studies . That the comb ination of irradiation and 

jcterohaemorrhagi ae did not produce more haemorrhage in combinat ion 

is surprising bec ause Higgins & Cousineau ( 1 9 7 7a)  themse lves 

state that icterohaemorrhagiae infec tions of guinea pigs produce 

a thrombocytopaenia  and severe endothel ial cell damage to b lood 

vess el s .  

On the basis of the hams ter experiment s  reported in this 

thes is there is a signif icant interaction between radiation and 

leptosp iral infection and it seems that some of Higgins & 

Cousineau ' s ( l 9 7 7b ) work may be rather simplified part icularly 

with respect to the brevity of their histological findings . Indeed , 

the fact that both groups of animals were reported to die a t  

exac tly the same time i . e .  f ive days , is surprising because 

irradiation would be expected to destroy the nonspecific cellular 

immune system comprising the PMN ' s  and monocytes and has been 

shown in mice to impair the f ixed macrophage ' s  ability to 

phagocytise and destroy microorganisms (Bond et al , 1 9 6 5 ) . In mice 

there is a d irect correlation between the number of circulatin g  

PMN ' s  and the suscept ib il ity t o  microorganisms . The numbers of 

PMN ' s  fall immediately following irradiation reaching the lowest 

poin t  af ter three days (Bon d et al , 1 965) . It seems l ikely , as 

was shown in the hamster experiment reported here that increased 

numbers of organisms and therefore presumably ' toxin ' should 

be found in infected and irradiated animals when compared to 

infec ted and non-irradiated animals .  In the current experiment s  

bal l um infec ted and irradiated animals s tarted dying earlier than 

non-irradiated hamsters and the last deaths .occurred sooner than 
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in the infected-only group . Indeed in the inf ec ted group one 

hamster appeared to survive the infection al together . Increased 

susceptib ility of animals to leptospiral infec tions has a lso 

been shown by chemical immunosuppressants in which hams ters became 

suscept ible to hardjo following cyclophosphamide treatment (Adler 

& Bragger , 1979)  and haemorrhage and haematuria were seen . 

In the present studies the maj or problem in studying the 

cause of haemoglobinaemia was t o  separate the erythrophagocytic 

function of macrophages from their protective func tion of leptosp iral 

phagocytosis . Complete destruc tion of the reticulomacrophage 

·system, while preventing removal of damaged RBC ' s  also permits 

unhindered multiplication of the organisms . Any experimental 

me thods used to modify the pathogenesis of the infec tion in order 

to s tudy the disease mus t  produce readily explainable results which 

can be separated from the results of the infec tion . 
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5 . 0  CONCLU S ION S AND SUMMARY 

1 .  Both infec ted and irradiated-infec ted hamsters became 

haemoglobinaemic with spherical and pitted RBC ' s  seen in 

both groups .  

2 .  All infec ted haemoglobinaemic hamsters had c irculating 

spherical and p itted RBC ' s  suggesting that such cells were 

actually undergoing haemolysis although TEM examination showed 

few partially haemoglobinated RBC ' s .  In the irradiated­

infected group , one hamster was presen t  in which spherical ,  

pitted RBC ' s  were not associated with haemoglob inaemia . 

3 .  Erythrophagocytosis was frequent in both inf ec ted and 

irradiated-infected groups of hamsters although the splenic 

enlargement of the infected hamsters was not seen in the 

irradiated-infected animals to such a great extent . 

4 .  Complications resulting from the irradiation affec ted the 

outcome of the infec tion . These comprised : 

i)  A large amount of f ixed macrophage activity remained 

although proliferation. of the macrophages was inhibited. 

ii) Rap id recovery of the haemopoietic system coincided 

with the onset of severe clinical disease . 

iii) Severe anaemia resulted from haemorrhage in assoc ia tion 

with renal papillary necrosis . 

5 .  A radia tion level of 800 RADS was not suff ic ient to suppress 

the reticulomacrophage sys tem. 

6 .  Less j aundice was seen in the irradiated-infec ted hamsters 

compared to the inf ec ted hamsters and this may be explained 

as being due to � reduced amount of erythrophagocytosis . 
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CHAP TER 9 

GENERAL D I SCUS S I ON 

·When this study was commenced , it was often postulated that 

the different serovars of leptospire which produce different 

manifestations of the disease do so by qualitative and quantitative 

differences in pathogenetic mechanisms . This was particularly so 

in regard to RBC des truc t ion and its associated haemoglobinaemia .  

This was believed t o  resul t from specific leptospiral phospholipase 

ac tivity on the RBC membrane but there were no satisfactory 

explana tions a s  to why RBC destruction should vary according to 

both species and age of the infec ted host . The only hypothesis 

advanced was that it could be explained in part by variations in 

the phospholipid con tent of RBC membrane in different spec ies 

(Kasarov , 1 9 70) . This however , did. not explain satisfactorily the 

variation in susceptibility between adult s  and neonates and the 

occas ionally observed differences in response between animals of 

similar age within the same species . 

The ultrastruc tural lesions within endothelial ,  hepa tic and 

renal cells of hams ters (Miller et al , 1 974)  and guinea pigs (De Brito 

et al , 1 9 7 9 ;  De Brito et al , 1 966) infected with i cterohaemorrhagiae 

and hamsters infec ted with pomona (Miller & Wilson , 1 96 7 )  and 

histochemical changes within the livers and kidneys of guinea p igs 

infected with icterohaemorrhagiae (Arean , 1 962b ;  Arean & Henry , 

1 96 4 )  were considered to be caused by a leptospiral ' toxin ' by the 

respective workers . The most recent paper published since the 

completion of the present study (Arriaga e t  al , 1 982)  has merely 

produced conclusions similar to those of earlier published work and 

makes no further progress in establishing the initial cause of 

lesions . Tissue hypoxia as a result of hypovolaemia is considered 

important (Arean & Henry , 1 964 ; De Brito et al , 1 9 7 9 ;  Sitprij a 

et al , 1 980) but the cause of the initial damage to the endothelial 

cells which leads to the fluid loss and hypovolaemia while being 
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attributed to a ' leptotoxin 1 remains unknov.Til . Arean & Henry ( 1 964)  

suggested tha t there may be  interference to the cellular enzyme 

sys tems resulting in the early histochemical changes followed by 

the his tological les ions . In murine hepatitis , large alterations 

in several intracellular enzymes have been noted before the presence 

of histologi cal l esions which indicate,  in that disease at  least , 

the possibility of a b lock in the normal glycolytic pathway and an 

increas e  in the utilization of the alternative pentose phosphate 

pathway (Jones & Cohen , 1 96 2 ) . 

To become establ i£hed in the host ,  the leptospires must be 

capable  of surviving the initial bacteriocidal defence mechanisms 

o! the body (Stalheim, 1 9 7 1 ) . The present work showed that 

leptospir�s are capable of surviving and mul t iplying within a number 

of host tissues and as previously reported (Faine , 1 964 ; Miller et al , 

1 9 7� )  the largest numbers are most consis tent ly observed within the 

liver . Fewer numbers  are seen initially within the kidney and a s  

discussed in earl ier. chap ters , colonization of the proximal 

convoluted tubules is mos t  l ikely as a result of random movement 

before the development of specific resistance to the organisms . 

The renal lesions de scribed in the presen t s tudies are similar to 

those of Arriaga et al ( 1 982) . These workers describe the presence 

of severe lesions at  the corticomedullary j unction in guinea p igs 

inf ected with icterohaemorrhagiae , a f ea ture observed in the 

present work but not commented upon in earlier papers . These workers 

do not , however , discuss whether or not the corticomedullary les ions 

are associa ted Hith large numbers of organisms as noted in the 

experiments reported here . 

The present work supports other reports (Arean , 1 962b ; 

Arean & Henry , 1 964 ; Arean et al , 1 964 ; De Brito et al , 1 966 ; 

Knight et al , 1 9 7 3 ;  Marshal! , 1 9 7 3 ;  Mil ler et al , 1 9 74) that ' toxins ' 

rather than mechanical damage are respon sible for the tissue damage . 

Evidence for this was provided by the fact that lesions were observed 

before large numbers of organisms were present and most organisms 

which were intracellular were degenerate . It was further substantiated 

by the 
'
fac t  that RBC and hepatic lesions were induced in two calves 
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given only intravenous pomona ' toxin ' .  The histological and 

ultrastruc tural les ions described by Arriaga et al ( 1 982) were 

attributed to damage by ' toxins ' and were s imilar to those seen 

in the presen t work . The hepatic and renal lesions in infected 

guinea pigs are associated with alteration to the cellular enzymes 

(Arean , 1 96 2b ;  Arean & Henry , 1 964 ) . From the present and previous 

work , a general diagrammatic scheme for the progress ion of 

leptospiral infec tions may be drawn (Fig . 9 - 1 ) . All serovars of 

L. interrogans in the appropriate hos t  environment are probably 

capable of multip lying and producing ' toxins ' at a suffic ient level 

to induce most man ifestations of the disease . The exac t les ions 

depend upon the hos t  susceptibility and the infec t ive serovar . 

This host susceptib ility may depend upon the hos t ' s  ability 

tQ prevent mul tiplication of organisms and thus to control levels of 

'toxin ' elaboration, or upon the hos t ' s  response to the ' toxin ' . 

RBC des truc tion is only one manifestation of toxic damage and 

occurs in some spec i es of animals infected with c ertain serovars . 

While the initiating cause is unknown , it appears that RBC damage 

· may result from interference with an endogenous enzyme or enzyme 

system instead of , or in conj unction with the previously proposed 

phospholipase which ac ts directly upon the RBC membrane (Chorvath 

1 974 ; 1 975 ; Kemenes , 1 974 ; Stalheim, 1 9 7 1 ) . 

The int erspecies and age variation in r egard to the presence 

or absence of RBC destruc tion may result from basic differences in 

RBC ' s  in these animals . There are quantitative diff erences in the 

c ellular enzymes , and metabolic intermediates , substrates and 

end produc ts as well as in permeabilities to hexose sugars in RBC ' s  

from different spec ies (Kaneko, 1 9 74) . For example pig RBC ' s  are 

incapable of taking up glucose (Kim & McManus , 197 1 )  and should 

a putative lep tospiral ' toxin ' interfere with the mechanisms for 

glucose uptake by cells it would then be expected that pig RBC ' s  

would be resistent . Such differences have been f ound between animals 

of dif ferent ages . Differing permeabilities to hexose sugars have 

been found between adult and foetal RBC ' s  from guinea pigs (Widdas , 

1 955) and cattle (Johns on & Stewart ,  1 96 7 ; Kaneko , _  1 9 7 4 )  and 
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differing quantities of 2 ,  3-diphosphoglycerate have been found in 

foetal, neonatal and adult cattle (Zinkl & Kaneko , 1 9 7 3b) . Differences 

in metabolism may be seen between animals of the same age within a 

spec ies (Kaneko , 1974 ) . RBC ' s  from individual sheep (Tosteson , 1 96 9 ;  

Tosteson & Hof fman , 1 960)  and humans (Zarkowsky et al , 1 968)  may 

have differin g  permeabilities to sodium and potassium . In humans ,  

sodium and potassium permeabilities which dif fer from normal have 

been assoc iated with 3 haemolytic anaemia (Zarkowsky et al , 1 9 68 ) . 

In cattle the haemolytic anaemia occurring in erythropoietic 

porphyria has been associated with alterations  in the cellular 

enzymes and glycolytic intermediates (Zinkl & Kaneko , 1 9 7 3a ) . An 

e�ample of an enzyme defect  leading to RBC removal is found in 

congenital · pyruvic kinase defic iency of humans (Valentine , 1 9 7 9 )  

and dogs (Benj amin , 1 9 7 9 ;  Duncan & Prasse , 1 9 78)  and is characterised 

by a haemolytic anaemia . 

As discussed earlier , foetal haemoglob in c ontent was not f ound 

to be important to the in vi tro susceptibility of RBC ' s  to leptospiral 

cultures . Abnormalities of haemoglobin c an not be excluded . The 

maintenance of haemoglobin in a func tional state requires normal 

function of the enzyme systems of the RBC (Kaneko , 1 9 74 ; Kitchen , 1 969 ) . 

Oxidat ion of haemoglobin leads to Heinz body formation (Rifkind & 

Danon , 1 96 5 ) , the Heinz bodies being seen as dark inclusions within 

the RBC cytoplasm (Bessis , 1 9 7 3 ;  Rifkind , 1 96 5 ; Rifkind & Danon , 

1965) . The end s tage Heinz bodies described by Rifkind & Danon ( 1 965)  

are struc turally dif ferent to the inclusions of the leptospiral 

affected RBC ' s  and vacuoles have not been described in association 

with the former . Heinz bodies are not membrane-bound and are 

inclusions of a greater elec tron density than the surrounding 

haemoglobin . 

Renal disease may affec t haemoglobin through its assoc iation 

with lowered RBC glutathione levels and lowered glutathione 

stability (Theil et al , 1 96 1 ) . Reduced gl utathione is necessary 

to maintain reduced haemoglobin (Kaneko , 1 9 74 ; Valentine , 1 97 9 ) . 

Eperythrozoon ovis infections of sheep are also a ssoc iated wi th 

interference to the maintenance o f  reduced glutathione causing the 
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RBC ' s  to be  more susceptible to oxidizing agents ( Sutton ,  1 97 9 ) . 

The des truc tion of RBC ' s  during lep tospirosis appears to be 

more complex than simply as a result of a ' toxin ' ac ting upon the 

cell and causing lysis . In vi tro , p lasma appears to be pro tec t ive 

with only washed cells being suscept ible to lysis by the leptospiral 

cul ture . This may be a reflec tion of the in vi vo situation 

whereby early in the development of the d isease , RBC seques tra tion 

occurs b efore the development of haemoglob inaemia . Even during 

haemoglob inaemia very few part ially haemoglobinated RBC ' s  can be 

seen in c irculation . Lesions in RBC ' s  were observed in 

prehaemoglob inaemic animals but the plasma in vi vo (as also observed 

in vi tro) may have helped to prevent haemoglobin loss from RBC ' s  

in which a ' toxin ' induced lesion had already developed . How 

plasma exerts its protec tive effec t is not known . It may be as 

simple as ac ting as a buffering system against pH changes which 

have been shown to change RBC morphology (Bessis , 1 9 7 3 ;  Brecher & 

Bessis , 1 9 7 2 )  or i t  may act as a source of glucose for RBC metabolism. 

Depletion of glucose results  in d iscocyte-echinocyte transformat ion 

(Brecher & Bessis , 1 9 7 2 ) . The ability to  metabolize may assist the 

RBC in withstanding the ' toxic ' effec ts of leptospires . It  has been 

shown tha t sulphydryl groups are destroyed during irradiation 

( Sutherland & Pihl , 19 6 7)  and exposure to organic mercurial 

compounds (Benesch & Benesch , 1 9 54 ; Sutherland et al , 1 96 7 ; 

Weed et a1 , 1 96 2 ) . However , if the RBC ' s  are allowed to  metabolize 

then repair to the. sulphydryl groups  may occur (Sutherland & Pihl , 

1 9 6 7 ) . Such repair would not be possible in RBC ' s  suspended in 

saline . 

The res istance of the RBC ' s  to  lysis when suspended in plasma 

indicates the possibility of another mechanism in vivo . The increased 

sequestration of RBC ' s  which occurred in most  animal s  suggested that 

the reticulomacrophage system may be important in the d�velopment 

of haemoglob inaemia .  Unfortunately , complications resulting from 

irradiation p revented conclusions from being made during 

(' the experiment designed to observe the effec t s  of impairment of the 

reticula-macrophage sys tem on the development of haemoglobinaemia . 
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While it is known that the spleen detec ts and seques ters abnormal 

RBC ' s  (Griggs et al , 1 960 ; Jandl , 1 966 ; Jandl & Aster , 1 96 7 ; 

Jandl et al , 1 9 6 5 ;  Rifkind , 1 965 ; Wagner et al , 1 96 2 ; Weis s ,  1 96 2b ) , 

exposure to the c onditions within the spleen may in fac t result in 

the development of abnormalities , particularly in RBC ' s  in which some 

abnormality already exis ts (Griggs et al . 1 960) . Passage of RBC ' s  

through the spleen probably exp oses the RBC ' s  to lowered glucose 

levels through competition with splenic cells for glucose and 

increased accumulations of metabolites (Griggs et al , 1 960 ; Jandl & 

As ter , 1 96 7 ) . These would be of  importance to abnormal RBC ' s  

as they are more likely to be detained in the spleen for longer 

periods of t ime due to the pre-existing defect . Any abnormalities 

leading to alteration in membrane deformab ility will result in 

the cell ' s  inab ility to conform to the microc irculation and hence 

sequestration within the spleen (La Celle , 1 97 0 )  as has been seen 

in condit ions such as Heinz b ody anaemias (Nathan , 1 96 9 ; Rifkind, 

1 96 5 ) . Damaged RBC ' s  may in fac t lyse within the splenic 

c irculation (Rifkind , 1 96 5 ;  1 966 ) . It therefore seems likely that 

RBC 1 s damaged by lep tospiral ' toxins ' are detec ted and seques·tered 

by the spleen where they are either further damaged or lysed and 

removed from circulat ion . 

Increased haemosiderin deposits within the spleens of non­

haemoglobinaemic hamsters inf ected with ball um wer e  possib ly due to 

increased r emoval of minimally damaged RBC ' s ,  the damage in this 

case not being severe enough to result in overt haemoglobinaemia .  

Although RBC morphology has not been described in other work , increased 

erythrophagocytosis has been seen in icterohaemorrhagiae infec tions 

of dogs (Gleiser , 1 95 7 )  and humans (Arean 1 96 2a)  and Kupf fer cell 

hyperplasia has been noted in icterohaemorrhagiae infec tions of 

guinea pigs (De Brito et al , 1 966)  and humans (Arean , 1 96 2a) . 

Minimal RBC lesions may have been present in these  infec tions . 

Had more detailed studies been possible in the human case of ball um 

infection reported in Chap ter 4 then increased removal of the RBC ' s  

may have been seen . 
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Except in the case of one calf , morphological changes in RBC ' s  

resulting from hepatic and renal malfunction were not thought to 

occur , probably because dea th rapidly followed the onset of 

haemoglobinaemia in those calves which died . 

Further work is neces sary to elucidate the mechanisms of RBC 

destruc tion .  Histochemical techniques could be used to examine 

the presence or absence of interference to the RBC erizymes with 

care to take into account the enzyme al terations which occur as 

the cell ages (Kaneko , 1 974 ) . 

Fract ionation of the plasma and both intracellular leptospiral 

contents and culture. s�rpernatant should be carried out and the 

various fractions incubated together in different combinations with 

RBC ' s  in order to determine which of the plasma constituents are 

protect ive and which constituents of the lep tospire are harmful . 

Tissue cultures of l iver and kidney may also be used with 

comb inations of leptospiral ' toxin ' and plasma . Cell cultures may 

also be useful in examining the differences between serovars �nd 

determining why serovars such as pomona , bal l um and icterohaemorrhagiae 

cause serious disease within animals such as cattle , hamsters and 

guinea p igs while serovars such as hardjo and balcanica caus e  lit tle 

serious disease in animals such as cattle and sheep . Histochemical 

techniques and ultrastruc tural examinations may also be useful in 

examining lep tospiral effects on tissue cultures . 

In conclusion , whi le this s tudy examined the morphological 

changes associated with leptospiral induced RBC destruction and 

enzyme examination was beyond the scope of the present work , it  

appears that the initial lesion is l ikely to b e  prec isely 

· b iochemical . It seems reasonable to hypothesise that the basic 

mechanism for RBC destruc tion is s imilar to that which causes 

the lesions in the other tissues and that the same enzyme or 

enzyme system is affected in all tissues . Suf fic ient biochemical 

differences exist between RBC ' s  from different species of animal 

and f rom animals of the same or different ages within the same 

spec ies to explain the variation in susceptib ility to RBC destruc tion . 
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If a discreet - b iochemical lesion can be defined then an 

alternative therapeutic regime may be revealed . The search for 

more effec tive bac terioc idal agents may be b etter replaced by 

treatment aimed at allevia ting or overcoming the effec ts of ' toxin ' 

upon the cellular metabolism. Simultaneous destruc tion of large 

numbers of organisms could theoretically exacerbate the situation 

by releas ing large quanti ties of ' toxin ' into a host environment 

already c ontaining large quantities of ' toxin ' . Treatment aimed 

at alleviating the ' toxic ' effec ts of leptospires is already 

foreshadowed by the demon strated in vi tro protec tive effects of 

normal p lasma . If a therapeutic regime can b e  developed upon these 

lines then a significant advance in preventing the more severe 

clinical effects of the disease could be in prospec t .  
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New Zealand Society for Electron Microscopy­
Conference abstract 

MORPHOLOGICAL CHANGES IN RED BLOOD CELLS OF CALVES 

AND HAMSTERS WITii LEPTOSPIROSIS 

J.C. Thompson 

Department of Veterinary Pathology 
and Public Health, 
Massey University, Palmerst.on North 

Red blood cells (RBC's) in calves and hamsters 
infected with Leptospira intel'rogans serovar pcmona and 
Leptospira interrogans serovar baZlum respectively undergo 
intravascular destruction resulting in haemoglobinaemia and 
haemoglobinuria. 

Calves and hamsters were experimentally infected with 
the respective serovars of Leptospira interrogans and 
observations made at the haemoglobinaemic stage of the 
disease. RBC's were taken from normal control and infected 
animals and processed for examination by scanning electron 
microscope (SEM) and transmission electron microscope (TEM). 
Under SEM examination, normal calf and hamster RBC's were 
evenly sized, reg"Jlarly shaped biconcave disks with occasion­
al surface irregularities. By TEM the RBC's were also seen 
to have occasional small vacuoles randomly distributed in 
their cytoplasm. 

Pathological changes seen in RBC's from haemoglobin­
aemic animals were similar for both calves and hamsters. 
The RBC's were swol��-a�ir��l���h�1·���=-------------------------�� 

---�SR�aminatie�ealed ,uany irregular surface plts which 
it is believed were represented by vacuo] B" of "ariahh shape 
and s1ze J.n TEM preparations. Some of these vacuoles were 
seen to communicate with the cell exterior and some contain-
ed a fine r a nu 1 a r m a · a l r. ep t O-SP--i+�we-Fe-s.e-eR -in--en-P---------------------.--+1 
TEM preparation of infected hamster RBC's. They were close 
tQ, bu_t_n_o_t in contact-with, the RBC '-s.- In TH1--prepaTa�rcn-s 

I fz nr-aj-1 haemogtrrhipaemjc animals, exeept €HH� e�f , the 
majority of the RBC's appeared fully haemoglobinated. One 

I 
calf showed a large number of partially haemoglobinated�----- ___ _ 

--Rnc-r- s-.-These RBC' s also contained vacuo-les, th-01:1-g-�ew-er----i-n•----------------=t� 
number than the fully haemoglobinated cells, dark granular 
inclusions and cytoplasmic protruberances. Apparent gaps 
in the cell membrane with the escape of haemoglobin were 
also s-een. 



APPENDIX V 

Prepara tion of tissue for electron microscopic examination 

1 .  FIXATION 

i) Tissues are cut into 1-2 mm cubes , immersed in modif ied 

Karnovsky ' s  f ixative at 4 °C  for at least 2 hours or overnight . 

Modified Karnovsky' s  Fixat ive 

2 %  Formaldehyde 
3% Gluteraldehyde 
in 0 . 1M phosphate buffer 

To make 100 mls .  

a )  Heat 2 gms paraformaldehyde in 80 mls of distilled water 

to 60-70°C  

b)  Slowly add IN NaOH dropwise until the  milky solut ion c lears 

c) Add buffer salts  2 . 5 1 gms Na2HP04 . 1 2  H2 0 .  

0 . 4 1  gms KH2 P04 

d)  Add 1 2  mls of 25%  gluteraldehyde 

e )  Make up to 100 mls .  Store in refrigerator . 

ii)  The t issue cubes are then washed in 0 . 1M phosphate buffer , 

pH 7 . 2 at  4 °C f or approximately 2 hours , changing the 

solution 3 times . 

Preparation of Phosphate Buffer 

1 )  Preparation of 0 . 2M solut ion of dibasic sodium phosphe<te 

2) 

Na2H P04 2 8 . 39 gms 

Na2H P04 .  2H20 35 . 6 1  gms 

Na2H P04 .  7H20 5 3 . 6 5  gms 

Na2H P04 . 1 2H20 7 1 . 64 gms 

malCe up to 1 000 mls with distil led water 

Preparation of 0 . 2M solution of monobasic 

Na H2 P04 • H20  

Na H2 P 04 •  2H20 

2 7 . 6  gms 

3 1 . 2 1 gms 

ma�e up to 1 000 mls with distilled water 

sodium phosphate 

Preparation of O . lM phosphate buf f er by mixing the two in 

proportions given below,  and diluting to 100 mls with 

distilled water . 

7 . 2  



( iii) Tissues are then post-fixed in a 1 %  solution of osmium 

tetroxide in 0 . 1M phosphate buffer at 4 ° C  for one hour . 

( iv) Following post f ixation tissues are washed in phosphate 

buffer by a brief immersion followed by a 2nd immersion 

for � hour at  room temperature . 

2 .  DEHYDRATION 

Fixed tissued are dehydrated in capped b ottles by continuous s tirring 

in a graded alcohol series at room temp erature , 25%,  50% ,  70%,  90% , 

1 00% x 2 a t  20  minutes for each grade . Tissues may remain in 70% 

alcohol overnight if necessary . 

3 .  INFILTRATION AND EMBEDDING 

Alcohol is removed from the tissues by immers ion (2 x 20 minutes 

periods) and s tirring _ in propylene oxide . The tissues are then . 

immersed in a mixture of 25% res in * and 75%  propylene oxide and 

the bottles lef t  for 1 2  hours with the tops off at room temperature , 

on the stirrer . The propylene oxide evaporates leaving the t issues 

in approximately 1 00% resin .  Fresh 100% resin is added for 6 - 8 

hours and t issues are then embedded in fresh resin in trays or 

capsules and cured for 48-72  hours at  60° C .  

4 .  SECTIONING AND STAINING 
** Sections of 1� cut on an ultramicrotome and s tained with 1% toluidine 

blue in 0 . 1 M phosphate buffer for 1 minute at 80°C are examined by 

l ight microscopy to identify suitab l e  areas for electron microscopy . 

Thin sect ions of silver /gold colour in ref lected l ight are picked up 

on grids *** which had previously been dipped in a solution 

containin g  4 0  cm of 1 2 . 5  mm cellotape in 100  mls of chloroform. 

Immediately before examination using a Philips EM 200 electron 

microscope **** • thin sections are s tained with uranyl acetate for 

6 minutes and lead c itrate for 6 minutes . 

* Durcupan ACM Fluka 
** LKB 8800A Ultrotome Ill : LKB ProdukterAB , S- 1 6 1 25 Bromma 1 , Sweder 

*** Type G400 ( 3 . 05 mm) ,  Polaron Equipment Ltd . •  Watford , England 
**** Philips Electrical Indus tries of N . Z .  Ltd . , Well ington , N Z  



Uranyl Acetate 

Uranyl acetate is added to 50% e thanol un til it no longer dissolves . 

The solution is centrifuged and the supernatant s tored in a brown 

glass bottle . 

Lead Citrate 

0 . 025 g lead c itrate 

1 0  mls distilled water 

0 . 1  ruls 10 N NaOH 

All ingredients are completely dissolved . 



APPENDIX VI 

Summary of abbreviations for clinical pathological data and 

bone marrow differentials . 

i) Clinical pathological data 

PCV 

Hb 
MCHC 

II 

WBC 

PMN 

IMM 

Lcyte 

Mcyte 

Eosin 

Bas 

Re tic 

GGT 

AAT 

AP 

packed cell volume 

haemoglobin 

mean cell haemoglobin concentration 

ic terus index 

white blood cell 

polymorphneutrophil 

i��ature neutrophil 

lymphocyte 

monocy te 

eosinophil 

basophil 

reticulocyte 

gamma glutamyl transpeptidase 

aspartate amino transferase 

alkaline phosphatase 

BUN blood urea nitrogen 

Tot . Bil total bil irubin 

Conj . Bil conjugated bilirubin 

TB total protein 

Fib 

glob 

MAT 

SG 

Prot 

Bil 

f ibrinogen 

globulin 

microsc opic agglutination t itre 

spec ific gravity 

protein 

bilirubin 



ii) Bone marrow differentials  

Mblas t  

P gran 

m (n) 
m (e ) 
m (b ) 
mm (n) 
mm (e ) 
band (n ) 
band (e ) 
PMN 

Eosin 

Bas 

. Eblas t  

E . Norm 

Norm 

L . Norm 

Pl . cell 

Lcyte 

Mcyte 

Mega 

Re tic 

Unclass 

Disint 

M : E ratio 

myeloblast 

progranulocyte 

neutrophilic myelocyte 

eosinophilic myelocyte 

basophilic myelocyte 

neutrophilic metamyelocyte 

eosinophilic metamyelocyte 

neutrophilic band cell 

eosinophilic band cell 

polymorphneutrophil 

eosinophil 

basophil 

erythrobla s t  

early normoblast 

normoblast 

late normoblas t  

plasma cell 

lymphocyte 

monocyte 

megakaryocyte 

reticulum cell 

unclassif iable cell 

disintegrated cell 

myeloid : erythroid ratio 



APPENDIX VII (a) Clinical patholog ical data from control hamsters of 
Experiment I ,  Part I ,  euthanased on day 0 .  

Hams ter 0 - 1 0 - 2 0 - 3 0 - 4 0 - 5 

PCV 0 . 48 0 . 49 0 . 50 0 . 50 0 . 53 

Hb ( g/dt) 1 6 . 4  1 4 . 6  1 5 . 6  1 4 . 8  1 6 . 0  

MCHC ( g/dt)  34 . 2  2 9 . 8  3 1 . 2  29 . 0  32 . 0  

I I  * 0 0 0 0 0 

TP ( g/ t) 48 48 53  54 52  

WBC (x10 9 / t)  4 . 6  6 . 6  3 . 6  3. 3 3 . 6  

PMN (x109 /t )  0 . 3 0 . 3  0 . 3  0 . 2  0 . 4  

IMM (x 109 It)  0 0 0 0 0 

Eosin (x 1 0 9 / 'l) 0 0 . 1 0 0 0 

Bas (x1 0 9 /t )  0 0 0 0 0 

Lcyte (x1 0 9 /t) 4 . 2 6 . 2  3 . 2  3 . 0  3 .  1 

Mcyte (x10 9 /t)  0 . 1 0 0 . 1 0 . 1  0 . 1 

Organ Wgt (g)
R 

. 
at1o 

Body Wgt (g) 

Liver Wgt 
Body Wgt 0 . 06 1 6  0 . 0568 0 . 0548 0 . 0555 0 . 0486 

SEleen Wgt 
Body Wgt 0 . 00 1 2  0 . 00 1 2  0 . 00 1 0  0 . 0009 0 . 0009 

Kidne� Wgt 
Body Wgt 0 .  0 1 0 1  0 . 0096 0 . 00 8 1  0 . 0078 0 . 0072 

* Normal hamster p lasma is clear or slightly lipaemic 



APPENDIX- VII (:b ) Bone marrow differentials of control hamsters from Experiment I ,  Part I euthanased on day 0 

Hamster 0 - 1 . 0 - 2 0 -:- . 3 . 0 - 4 0 - � % Total % Series % Total % Series 7. Total % series % Totai % series % Total Series 

Mblast 0 0 0 0 0 0 0 .  1 0 . 2  0 . 2  0 . 3  
Pgran 2 . 4  4 . 2  0 . 7  1 . 6  0 .  Lf 0 . 7  . 0 .  7 1 . 2  0 . 8  1 . 4 
� en) 24 . 7  43 . 7  20 . 5  43 . 3  1 5 . 8  28 . 0  1 9 . 8 35 . 0  1 9 . 1 33 . 9  
m (e ) 0 . 3  0 . 5  0 . 2  0 . 5  1 . 0  1 . 8  0 . 4  0 . 7  0 . 4  0 . 7  
m (b )  ' 0 0 0 . 2  0 . 5  0 . 2  0 . 4  0 0 0 . 2  0 . 3  
mm (n) 3 . 9  6 . 9  2 . 0  4 . 2  7 . 3  1 2 . 7 6 . 3  1 1 .1 5 . 6  - 9 . 9 
mm (e) 0 0 0 . 1 0 . 3  0 0 0 0 0 . 4  0 . 7  
band (n) 1 1 . 7  20 . 6  1 1 . 8  24 . 5  1 2 . 4  2 1 . 8  8 . 5  1 5 . 1 1 2 . 2  2 1 . 6  . ' ' band (e)  0 . 3  0 . 5  0 0 0 . 4  o .  7 .  0 0 0 0 
PHN 1 3 . 2 23 . 3  1 1 . 7  24 . 7  1 9 . 3  33 . 8  20 . 5  36 . 4  1 7 . 6  31 . 2  
Eosin 0 0 0 0 0 0 0 

' " . o 0 0 
Bas 0 0 0 0 0 0 0 0 0 0 
Hitoses 0 0 0 0 0 0 0 . 1 0 . 1  0 0 
Total 5 6 . 1 % 1 00%· 47 . 3% 1 00% 5 7 . 1 %  1 00% 56 • . 4% 100% 56 . 4% 1 00% 

Eblast 0 0 0 0 0 0 0 0 0 . 4  2 . 0  
Enorm 0 . 1 0 . 8  0 . 7  3 . 5 1 . 2  6 . 5  0 . 4  2 . 0  1 . 2  6 . 0  
Norm 1 2 . 0  6 1 . 1  1 3 � 2 62 . 0  1 3 . 5 6 9 . 9  1 6 . 0  8 1 . 9  1 3 . 5  70 . 0  
L . norm 7 . 5  38 . 2  . 7 .  3 34 . 5  4 . 4  22 . 6  2 . 9  1 4 . 8  4 . 1 2 1 . 0  
Mitoses ; 0 0 0 0 0 . 2  1 . 1  0 . 3 1 . 3  0 . 2  1 . 0  
Total 1 9 . 6% 100% 2 1 . 2% 100% 1 9 . 3% 1 00% 1 9 . 5% 100% 1 9 . 3% 1 00% 

P l . cell 0 0 0 0 0 
Lcytc 22 . 7  28 . 9  1 8 . 5  1 7 . 9  1 9 . 7 
Mcyt e  0 0 0 0 0 
Hega 0 . 8  0 . 2  0 . 2  0 . 8  0 . 6  
Re t ic 0 . 4  2 . 0  0 . 6  0 0 . 6  
Unclass 0 . 4  0 . 2  0 . 8  2 . 6  1 . 7  
Disin t  0 0 .  1 3 . 5  2 . 7  1 . 7  

M : E  ratio 2 . 9 : 1 2 . 3 : 1 3 . 0 : 1  2 . 9 : 1 2 . 9 : 1 



APPENDIX VIII (a) Clinical pathological data from ba llum infec ted 
hamsters of Experiment I, Part I euthanased on 
Day 1 ,  am . 

Hamster 

PCV 

Hb ( gj d t) 

MCHC ( g  /dt)  

II  

TP  (g -/9.. ) 

WBC (x10 9 / i) 

PMN (x10 9 / t) 

!MM (x10 9 /t)  

Eosin (x 1 0 9 / t) 

Sas (x109 /9.. ) 

Lcy t e  (x l0 9 /9.. ) 

Mcy t e  (x10 9 / 9.. ) 

Organ Wgt (g)
R 

. 
atlo 

Body \vgt  (g) 
Liver Wgt 
Body Hgt 

Spleen Wgt 
Body Hgt 

Kidney Wgt 
Body Wgt 

., ·: ... . . . .  . �  . 

1 - 1  1 - 2  1 - 3  1 - 4  1 - 5  

0 . 5 1 0 . 49 0 . 50 0 . 49 0 . 48 

1 6 . 6  1 5 . 0  1 6 . 8  1 6 . 4  16 . 0  

32 . 5  30 . 6  j 3 . 6 33 . 5  33 . 3  

0 0 0 0 0 

5 6  55  54 56 56 

1 3 . 3 / 4 . 5  3 . 3 5 . 1 6 . 4  

1 . 1  0 . 8 0 . 4  0 . 8  o . s  

0 0 0 0 0 

0 0 0 0 .  2 0 . 1 

0 0 0 0 0 

1 2 . 1 3 . 7 2 . 9  4 . 0  5 . 4  

0 . 1 0 0 0 . 1 0 

1 - . 6 

0 . 45 

1 4 . 6  

3 . 24 

0 

50 

4 . 7  

0 . 9 

0 

0 . 1 

0 

3 . 8  

0 

0 . 0456 0 . 0604 0 . 05 1 0  0 . 0605 0 . 05 1 3  0 . 0542  

0 . 00 1 1  0 . 00 1 8  0 . 00 1 2  0 . 00 1 4  0 . 00 1 3  0 . 00 1 3  

0 . 00 7 9  0 . 0094 0 . 00 7 4  0 . 0093 0 . 0083 0 . 0080 



;• � 

APPENDIX VIII (b ) Bone marrow differentials of bal. l um infected hamsters from Experiment I ,  Part I ,  euthanased on Day 1 ,  am. 

Hamster 1 - 1  1 - 2 1 - 3 1 - J;. 1 - 5 
. % 

1
1
-

%
6

S .  
% Total % Series % Total % Series % Total % Series % Total � Series % Total % Ser1es o Tota o er1es 

-
Mblast 0 0 0 0 0 0 0 0 0 0 0 0 
Pgran 1 . 2  2 . 0  1 . 2  2 . 8  0 . 8  1 . 5  0 . 2  0 . 5  0 . 4  0 . 9  0 . 3  0 . 6  
m (n) 24 . 2  4 1 . 3  22 . 4  52 . 8  18 . 2  32 . 8  1 5 . 8  37 . 3  1 5 . 8  37 . 3  1 7 . 6  40 . 4  
m (e)  0 . 2  0 . 4  0 . 3  0 . 6  0 . 2  0 . 4  0 . 8  1 . 9  0 . 2 0 . 6  0 . 3  0 . 6  
m (b )  0 0 0 . 3 0 . 6  0 . 1 0 . 2  0 . 2  0 . 5  0 . 8  1 . 8  0 . 4  0 . 9  
mm (n) 0 . 9 1 . 6  2 . 1  5 . 0  6 . 0  10 . 9  0 . 6  1 . 4  6 . 4  1 4 . 7  3 . 9 8 . 0  
mm (e)  0 0 0 .  1 0 . 3 0 . 2  0 . 4  0 . 4  1 . 0  0 0 0 . 3  0 . 6  
band (n) 9 . 9 1 6 . 9  7 . 7  1 8 . 2  1 0 . 5  1 8 . 9  4 . 4  1 0 . 5  6 . 2  14 . 2  7 . 2  1 4 . 8  . ,  

' band (e)  0 0 0 . 3  0 . 6  0 .  1 0 . 2  0 . 4 1 . 0  0 . 2  0 . 6  0 . 1 0 . 3  
PMN 2 2 . 1 37 , 8  7 . 9  18 . 6  1 9 . 3 34 . 7  1 9 . 2 45 . 5  1 1 . 6  26 . 6  2 2 . 1 45 . 3  
Eosin 0 0 0 . 1 0 . 3  d 0 0 . 2 0 . 5  0 ''. 0 0 0 
Bas 0 0 0 0 0 0 0 0 0 0 0 0 
Mitoses 0 0 0 0 0 0 0 0 0 . 2  0 . 6  0 0 
Total 58 . 5%  1 00% 42 . 3% 1 00% 5 5 . 6% 100% 42 . 2  100% 4 3 . 5% 1 00% 48 . 9% 100% 

Eblast 0 0 0 0 . 0 . 1 0 . 6  0 . 2  0 . 6  0 . 2  0 . 6  0 0 
Enorm 0 0 0 0 1 . 3  6 . 7  0 . 6  1 . 8  2 . 8  8 . 8  1 . 4  6 . 3  
Norm 0 . 7 97 . 0  1 6 . 8  7 7 . 8  1 1 . 8  60 . 6  1 7 . 2  5 1 . 5  22 . 4  70 . 0  1 3 . 0  56 . 6  
L . norm 0 . 2  3 . 0  4 . 7  2 1 . 6  6 . 0  30 . 9  1 5 . 4 46 . 1  6 . 4  20 . 0  8 . 5  37 . 1  
Mitoses ; 0 0 0 . 1 0 . 6  0 . 2  1 . 2  0 0 0 . 2  0 . 6  0 0 
Total 7 . 8% 100% 2 1 . 6% 100% 1 9 . 5% 1 00% 33 . 3% 100% 3 1 . 9% 1 00% 23 . 0% 100% 

P l . cell 0 0 0 0 0 0 . 1 
Lcyte 29 . 0  35 . 2  1 9 . 6  1 9 . 8  1 8 . 8  1 8 . 4  
Mcyte 0 0 0 0 . 2 0 0 . 3  
Mega 0 . 2  0 . 4  0 . 2  0 0 . 2  0 
Re tic 1 . 2  0 . 3  0 . 5  1 . 6  0 . 4  2 . 0  
Unclass 2 . 8  0 . 3  0 1 . 0  0 . 8  1 . 9  
Disint  0 . 5  0 3 . 3  0 . 2  4 . 4  5 . 4  

H : E  ratio 7 .  5.: 1 2 . 0 : 1 2 . 8 : 1 1 .  3 : 1 1 .  4 : 1 2 . 1 : 1  



APPENDIX IX (a) Clinical pathological data from ballum infected hamsters 
of Experiment I ,  Part I euthanased on day 2 ,  am . 

Hamster 2 - 1 2 - 2 2 - 3 2 - 4 2 - 5 2 - 6 
,...--

PCV 0 . 52 0 . 50 0 . 44 0 . 49 0 . 50 0 . 52 

Hb ( gjd 9v) 1 6 . 2  1 6 . 2  1 3 . 0  1 6 . 4 1 6 .  6 " 1 6 . 6  

MCHC (gj d 9, ) 31 . 2  32 . 4  2 9 . 5  33 . 5  33 . 2  3 1 . 9  

II  0 0 0 0 0 0 

TP (g/2-)  54  54 50 56 54 52 

WBC (x109 I 9,) 5 . 4  1 . 2  4 . 5  1 2 . 7  6 . 3  4 . 8  

PMN (x10 9 l 9. ) 0 . 8 0 . 3 0 . 3  1 . 4  0 . 6  0 . 7  

IMM (xl09 It)  0 0 0 0 0 0 

Eosin (x1 0 9 I .9.. ) 0 0 0 . 1  0 0 0 

Bas (x10 9 I .Q.) 0 0 0 0 0 0 

Lcyte (x109 I 2) 4 . 6  0 . 9  4 . 1 1 1 . 0 5 . 7 4 .  1 

Mcyte (x1 0 9 l t) 0. 1 0 0 0 . 3  0 .  1 0 

Organ Wgt (g)
R 

. 
at1o 

Body Wgt ( g) 

Liver Hgt 
Body Wgt 0 . 0500 0 . 0426  0 . 06 2 7  0 . 0503 0 . 0504 0 . 0485 

.§_Pl_een \.Jgt 
Body Hgt 0 . 00 1 0  0 . 00 1 3  0 . 00 1 6  0 .  00 1 3  0 . 00 1 5  0 . 00 1 0  

Kidney Hgt 
Body Wgt 0 . 0086 0 . 009 7  0 . 0 1 1 6  0 . 0098 0 . 0099 0 . 0079  



APPENDIX IX (b ) Bone marrow differentials of bal l um infected hamsters from Experiment I ,  Part I euthanased on day 2 ,  am. 
. . 

Hamster 2 - 1 2 ""7 2 2 - 3 2 - 4 2 - 5 2 - 6 
% Total % Series % Total % Series % Total . % Series % Total % Series % Total % Series % Total % Series 

Mblast 0 0 0 0 0 0 0 0 0 0 0 0 
Pgran 1 . 3  2 . 8  0 . 8  1 . 9  1 . 0  2 . 2  0 . 2  0 . 5  o � 6  1 . 1  0 . 7  1 . 3  
m (n)  1 8 . 4  ' 39 . 1  24 . 3  57 . 1  1 9 . 7 44 . 9  1 7 . 2  38 . 2  1 7 . 3 34 . 1  1 6 . 3  32 . 3  
m (e)  0 . 4  0 . 8  0 . 7  1 . 6  0 . 5  1 . 1  0 . 2  0 . 5  0 . 9  1 . 9  0 . 7  1 . 3  
m (b )  0 . 1 0 . 3  0 . 3  0 . 8  0 . 2  0 . 4  0 . 2  0 . 5  0 . 9  1 . 9  0 . 4  0 . 8  
mm (n) 1 . 8  3 . 8  1 . 3  3 . 2  4 . 6  1. 0 . 5  1 . 1  2 . 4  4 . 7  9 . 3  1 . 6  3 . 5 
mm (e) 0 . 2  0 . 5  0 . 3  0 . 8  0 . 2  0 . 4  0 . 4  0 . 9  0 . 4  0 . 7  0 . 4  0 . 8  
band (n) 7 . 8  1 6 . 5  4 . 4  1 0 . 3  7 . 6  1 7 . 2  2 . 5  5 . 7 9 . 9  1 9 . 6  5 . 3  1 0 . 4  

' band (e)  0 . 2  0 . 5  0 . 3  0 . 8  1 . 2  2 . 6  0 . 2  0 . 5  0 . 6  1 . 1  0 . 3  0 . 5  
PI>'!N 1 6 . 7  35 . .  6 9 . 8  23 . 0  9 . 0  20 . 6  22 . 7  50 . 5  1 5 . 6  3 1 . 5  25 . 1  49 . 6  
Eosin 0 0 0 0 0 0 0 . 2  0 . 5  0 .,. 0 0 0 
Bas 0 0 0 . 2  0 . 8  0 0 0 0 0 0 0 0 
Mitoses 0 . 1 0 . 3  0 0 0 0 0 0 0 0 0 0 
Total 4 7 . 0% 1 00% 42 . 5% 1 00% 4 3 . 9%  1 00% 4 4 . 9% 1 00% 50 . 7% 1 00% 50 . 5% 1 00% 

Eblast 0 0 0 . 2  0 . 7  0 0 0 . 4  2 . 8  0 . 4  1 . 5  0 . 3  1 . 6  
Enorm 0 . 4  2 . 7  0 . 2  0 . 7  1 . 3  6 . 0  1 . 1  7 . 0  0 . 9  3 . 7 0 . 9  5 . 4  
Norm 1 0 . 1  76 . 1  1 4 . 0  58 . 5  1 1 . 3  5 1 . 5  8 .  1 5 3 . 5 1 5 . 6  6 1 . 9  6 . 7  38 . 8  
L . norm 2 . 7  20 . 4  9 . 4  . 39 . 4  8 . 9  40 . 3  5 . 5  36 . 6  8 . 1 32 . 1  9 . 0  5 1 . 9  
Mitoses ; 0 . 1 0 . 9  0 . 2  0 . 7  0 . 5  2 . 2  0 0 0 . 2  0 . 7  0 . 4  2 . 3  
Total 1 3 . 3% 100% 2 3 . 9% 1 00% 2 2 . 0% 100% 1 5 . 0% ' 1 00% 25 . 1 % 100% 1 7 . 4% 1 00% 

Pl . cell 0 0 0 ,. 0 0 0 
Lcyte 36 . 3  ' 30 . 2  2 9 . 1 34 . 7  28 . 5  3 1 . 5  
Mcyte 0 . 1 0 0 0 0 0 
Mega 0 . 2  0 0 0 . 2  0 . 2  0 . 3  
Re tic 1 . 5  2 . 5  1 . 2  3 . 4  0 0 . 3  
Unclass 1 . 5  0 . 7  1 . 2  1 . 7  0 . 6  0 
Disint 0 0 . 2  2 . 6  0 2 . 1 0 

M : E  ratio 3 . 5 : 1  1 . 1 : 1  1 . 0 : 1 3 . 0 : 1 2 . 0 : 1 2 . 9 : 1 



APPENDIX X (a) Clinical pathological data from ball um infected hams ters 
of Experimen t I ,  Part I euthanased on Day 3, am. 

Hams ter 

PCV 

Hb ( g/ d9.-)  

MCHC ( g/d £)  

II 

TP (g f£) 

tvBC (x 1 0 9 / £) 

PHN (x 1 0  9 / 9-) 

D'J..t1 (x 1 0 9 /0 

Bas ( x 1 0 9 /£)  

Lcyte (x109 /t)  

Mcyt e  (x10 9 /£)  

Organ Wgt (g)
R 

. at1o 
Body Wgt (g) 

Liver Hgt 
Body Hgt 

Spleen Hgt 
Body Hgt 

Kidney tvgt 
Body lvgt  

3 - 1 

0 . 49 

1 6 . 8  

34 . 3  

0 

1 . 2  

0 

0 

0 

6 . 9 

0 

3 - 2 3 - 3 3 - 4 3 - 5 

0 . 44 

1 4 . 4  

32 . 7  

0 

58 

4 • . 5 

1 . 6  

0 

0 

0 

2 . 8  

0 . 1 

0 . 48 

1 5 . 4 

32 . 1  

0 

55 

4 . 6  

0 . 5  

0 

0 . 1 

0 

3 . 9 

0 . 2  

0 . 49 

1 6 . 2  

33 . 1  

0 

53  

1 . 8 

0 . 5  

0 

0 . 2  

0 

1 . 3  

0 . 1 

0 . 42 

1 4 . 2  

3 3 . 8 

1 5-20 § 

58 

1 3 . 7 

5 . 0  

0 . 6  

0 . 1 

0 

7 . 8  

0 . 1 

0 . 054 1 0 . 06 5 1  0 . 0586 0 . 0494 0 . 0629  

0 . 00 1 2  0 . 0022  0 . 00 1 4  0 . 00 1 5  0 . 0043 

o . 0097  o . O l l 7  ·o . 0097 o . oo93 o . o 1 o9 

* Found dead , no sample available 

§ haemoglobinaemia 

3 - 6 *  



APPENDiX X � ) Bone marrow differentials of ball um infected hamsters from Experiment I ,  Part r · euthanased on day 3 ,  am. 

Hamster 

Mblast 
Pgran 
m (n)  
m (e)  
m (b )  
mm (n) 
rnm (e)  
band (n) 

' band (e)  

Eos in 
Bas 
Nitoses 
Total 

Eb last 
Enorm 
Norm 
L . norm 
Mitoses · 
To tal 

P l . cell 
Lcyte 
Mcyte 
Mega 
Re t ic 
Unc lass 
Disint 

M : E  ratio 

3 - 1 3 - 2 3 - 3 3 - 4 3 - 5 
% Total % Series % Total % Series % Total % Series % Total % Series % Total % Series 

0 
0 . 5  
1 8 . 9 
0 . 4  
0 . 3 
4 . 0  
0 . 7  
7 . 7  
0 . 1 
1 2 . 6  
0 
0 
0 
44 . 9% 

0 
0 . 3  
1 4 . 8  
1 5 .  2 . 
0 . 3  
30 . 5% 

0 
22 . 5  
0 
0 . 2  
0 . 3  
0 . 6  
1 . 2  

1 .  5 : 1 

0 
0 . 9  
42 . 0  
0 . 8  
0 . 6  
8 . 8  
1 . 3  
1 7 . 1  
0 . 2  
28 . 1  
0 
0 
0 
1 00% 

0 
0 . 8  
48 . 6  
49 . 7  
0 . 8  
100% 

0 
0 . 7  
18 . 4  
1 . 1 
1 . 0  
1 . 5  
0 . 3  
5 . 8  
0 . 3  
7 . 7  
0 . 1 
0 .  1 
0 . 1 
37 . 0% 

0 
1 . 1  
1 3 . 2 
22 . 1  
1 . 0 
37 . 3% 

0 
24 . 7  
0 
0 . 7  
0 . 3  
0 
0 

1 . 1 • .L 

0 
1 . 9  
49 . 6  
3 . 0  
2 . 6  
4 .  1 
0 . 7  
1 5 . 6  
0 . 7 
20 . 7  
0 . 4  
0 . 4  
0 . 4  
100% 

0 
2 . 9  
35 . 3  
59 . 2  
2 . 6  
1 00% 

0 . 4  
0 . 6  
1 9 . 8  
0 . 5  
0 . 8  
6 . 3  
0 
7 . 6  
0 .  1 
9 . 3  
0 . 1 
0 
0 . 5  
46 . 0% 

0 . 1  
0 . 5  
1 7 . 9  
1 0 . 3  
0 . 3  
29 . 1 % 

0 
.2 3 .  4 
0 
0 . 3  
0 . 5  
0 . 5  
0 . 3  

1 . 6 : 1  

0 . 8  
1 . 4  
4 3 . 0  
1 . 1  
1 . 6  
1 3 . 7 
0 
16 . 4  
0 . 3  
20 . 3  
0 . 3  
0 
1 . 1  
100% 

0 . 4  
1 . 7  
6 1 . 5  
35 . 5  
0 . 9  
1 00% 

0 
0 . 3  
1 4 . 7  
0 . 2  
0 . 2 
1 . 0  
0 
5 . 1  
0 . 2  
1 2 . 5  
0 . 1 ....... 
0 
0 
34 . 3% 

0 
0 . 2  
5 . 9  
3 . 3  
0 
9 . 4% 

0 
5 3 . 9 
0 
0 . 3  
1 . 3  
0 . 9  
0 

3 . 7 : 1  

0 
0 . 9  
42 . 9  
0 . 6  
0 . 6  
2 . 8  
0 
1 4 . 9  
0 . 6  
36 . 3  
0 . 3  
0 
0 
1 00% 

0 
2 . 3  
6 2 . 5  
35 . 2  
0 
100% 

0 
0 . 6  
1 0 . 3  
0 . 6  
0 . 6  
4 . 0  -
0 . 1 
1 2 . 1 
0 .  1 
1 . 8  
0 
0 
0 . 1  
30 . 3% 

0 . 6  
1 . 2  
1 6 . 8  
1 6 . 8  
0 . 7  
36 . 0% 

0 
3 1 . 0  
0 
0 . 1 
0 . 2  
1 . 9  
0 . 5  

0 . 8 : 1 

0 
1 . 9  
34 . 2  
1 . 9 
1 . 9  
1 3 . 2  
0 . 3  
39 . 9  
0 . 3  
6 . 1 
0 
0 
0 . 3  
1 00% 

1 . 6  
3 . 2 
46 . 8  
46 . 5  
1 . 9  
lOO% 

Hamster 3-6 was heavily pregnant therefore a bone marrow differential was not made 



APPENDIX XI (a) Clinical p athological data from ball um infected hamsters of 
Experiment I, Part I euthanased or found dead on day 4 ,  am 

Hamster 4 - 1 4 - 2 4 - 3 4 - 4 4 - 5 4 - 6 4 - 7** 

PCV 0 . 3 1 0 . 52 0 . 1 8  0 .  4 3  0 . 48 0 . 50 

Hb (g/d.t) 1 1 . 0  1 6 . 6  9 . 6  1 3 . 2 1 5 . 6  1 6 . 6  

MCHC (g/d.t) 35 . 5  3 2 . 0  5 3 . 8 30 . 7  32 . 5  33 . 2 

II ,I 0 ,I 20+§ 0 0 

TP ( g /  X.) 80 6 2  96 56 6 2  6 2  

WBC (x10 9 I .t) 14 . 5  1 4 . 7 1 7 . 5  1 2 . 0  5 . 2  1 3 . 2 

PMN (x109 /.t)  7 . 7  6 . 5  9 . 2  7 . 0  2 . 0  4 . 0  

IMM (x109 / .11. ) 1 . 3  0 . 4  2 . 8  1 . 0  0 .  1 0 . 1 

Eosin (x1 0 9 /.11. ) 0 0 0 . 2  0 . 1 0 . 2  0 . 1  

Bas (x109 / .11. ) 0 0 0 0 0 0 

L-�yte (x1 09 /.11. ) 5 . 5  7 . 1 5 . 3 3 . 7 2 . 8  8 . 8  

Mcyte (x10 9 /.11. ) 0 . 6  0 . 7 0 . 4  0 . 2  0 . 2  0 . 1 

Tot . Bil �mol/  .11. 0* 0 0* 5 6 . 86 0 0 

Conj . Bil �mol/.11. 0 0 0 35 . 9 1 0 0 

Organ Wgt (g)  
ratio 

Body Wgt (g)  

Liver Wgt 
0 . 0705 0 . 0436 0 . 0663 0 . 0490 0 . 04 98 0 . 06 1 2  0 . 07 1 1  

Body \-lgt 

Spleen �t 
Body Wgt 0 . 0044 0 . 00 1 9  0 . 0033 0 . 0036 0 . 0020 0 . 0021  0 . 0031  

Kidnex Wgt 
Body Wgt 0 . 0 1 39 0 . 0079  0 . 0 1 2 2  0 . 00 9 1  0 . 0097  0 . 0107  0 . 0 1 48 

** Found dead , no samp le available 

* Free haemoglobin interferred with b ilirubin reading as plasma was 
obviously j aund iced . 

,I Severe j aundice & haemoglobinaemia 

§ Haemoglobinaemia 



APPENDIX XI (b) Bone marrow differentials of bal l um infected hamsters from Experiment I ,  Part . I ,  euthanased on day 4 am. 

Hamster 4 - 1 4 - 2 . 4 - 3 4 - 4 4 - 5 4 - 6 
% Total Series % Total % Series % Total . % Series % Total % Series % Total % Series % Total % Series 

:t-1blast 0 0 0 0 0 0 0 0 0 0 0 0 
Pgran 0 . 5  2 . 2 1 . 3  2 . 5  0 . 4  1 . 0 0 . 3  0 . 4  o·. 3 0 . 6  0 . 1  0 . 3  
m (n) 1 8 . 2  76 . 4  1 8 . 1 36 . 1  24 . 6  65 . 2  20 . 5  58 . 8  26 . 6  64 . 4  1 9 .  '• 5 3 . 2 
m ( e )  0 . 3  1 . 3  0 . 5  1 . 0  0 . 1 0 . 3 1 . 5  4 . 4  0 0 0 . 5  1 . 4 
m (b )  0 . 1 0 . 4 1 . 1  2 . 3  1 . 3  3 . 4  1 . 4  4 . 0  0 0 0 . 2  0 . 6  
mm (n) 1 . 6  6 . 7  5 . 7  1 1 . 4  6 . 8  1 8 . 1 2 . 7  7 . 6  6 . 1 1 4 . 9 1 .  2 '  3 . 3  
rnn (e)  0 . 2  0 . 9  0 . 4  3 . 1 0 . 4  1 . 0  0 . 8  2 . 4  0 . 1  0 . 3  0 . 2 0 . 6  
band (n) 2 . 1 8 . 4  1 2 . 0  24 . 0  2 . 7  7 . 2  4 . 9  1 4 . 0  6 . 3  1 5 . 2  3 . 4  9 . 4  

' 
band (e)  0 . 5  2 . 2 0 . 5  1 . 0  0 . 1 0 . 3 0 . 8  2 . 4  0 0 0 . 3  0 . 8  
PHN 0 . 2  0 . 9  1 0 . 2  20 . 5  0 . 8  2 . 0  1 . 4  4 . 0  1 . 9  4 . 5  10 . 8  29 . 6  
Eosin 0 0 0 0 0 0 0 .  1 0 . 4  0 '-. 0 0 . 2  0 . 6  
Bas 0 0 0 . 1 0 . 3  0 . 5  1 . 4  0 0 0 0 0 0 
Mitoses 0 .  1 0 . 4  0 . 1 0 . 3  0 0 0 . 4  1 . 2  0 0 0 . 1  0 . 3  
Total 24 . 6% 1 00% 50 . 0% 100% 37 . 8% 1 00% 34 . 9% 1 00% 4 1 . 3% 1 00% 36 . 5% 100% 

Eb last 0 0 0 0 ·, 0 o · 0 0 0 0 0 . 1 0 . 8  
Enorm 0 . 5  1 . 3  0 . 5  2 . 5  0 . 4  1 . 1  1 . 1  4 . 3  0 . 7  4 . 0  0 .  1 0 . 8  
Norm 24 . 0  5 7 . 4  8 . 8  44 . 3  1 4 . 8  43 . 9  1 0 . 1 39 . 1  8 . 4  50 . 8  5 . 6  45 . 9  
L . norm 1 7 . 2  4 1 . 0  1 0 . 6  5 3 . 2  1 8 . 3 54 . 2  1 4 . 1  54 . 9  . 7 .  2 43 . 5  6 . 4  5 2 . 5  
Mitoses : 0 .  1 0 . 3  0 0 0 . 3  0 . 8  0 . 4  1 . 6  0 . 3 1 . 6  0 0 
Total 4 1 . 9% 100% . 1 9 . 9% 100% 33 . 8% 100% 2 5 . 7%  1 00% 1 6 . 6% 100% 1 2 . 2% 1 00% 

Pl . cell 0 0 0 0 0 0 . 2  
Lcyte 3 1 . 6  26 . 9  26 . 3  37 . 3  36 . 9  4 9 . 1 
Mcyt e  0 0 0 0 . 1 0 0 
Mega 0 . 2  0 . 8  0 . 5  0 . 4  1 . 1  0 . 2  
Re t ic 0 . 2  . 1 .  1 0 . 6  1 . 5  0 . 7  0 . 8  
U:1class 0 . 6  0 . 8  0 . 3  0 1 . 6  0 . 4  
Disin t  0 . 8  0 . 5  0 . 6  0 1 . 9  0 . 4  ' 

M : E  ratio 0 . 6 : 1 2 . 5 : 1 1 . 1 : 1  1 . 4 : 1 2 . 5 : 1 3 . 0 : 1 



APPENDIX XII (a) Clin ical pathological data f rom bal l um infected 
hams ters of experiment I ,  Part I euthanased or 
found dead on day 4, pm . 

Hamster 

PCV 

Hb ( g/d£) 

MCHC (g/.d£)  

II 

TP (g/t)  

WBC (x 1 0 9 /t)  

PMN (x10 !! / 9,) 

Eosin (xl O 'l /t)  

Bas (x 1 0 9 /£)  

Lcyte (x10 9 / t )  

Mcyte (x10 9 I 9, ) 
Organ Wgt (g)

R t •  a 10 
Body Wgt (g) 

Liver Wgt 
Body Wgt 

Spleen Wgt 
Body Wgt 

Kidney Wgt 
Body \.Jgt 

5 - 1 5 - 2 

0 . 1 2  0 . 1 3  

8 . 6 9 . 2  

7 1 . 7  70 . 8  

9 0  80 

1 5 . 1 

6 . 3  

2 . 3  2 . 0  

0 . 2  0 . 6  

0 0 

5 . 1  4 . 9  

1 . 2 2 . 3  

5 - 3 5 � 4 5 _ . 5 

0 . 25 0 . 38 0 . 33 

1 1 . 0  1 3 . 0  1 2 . 0 

44 . 0  3 4 . 2  36 . 4  

20+ § 

75  7 2  74 

1 1 . 7  1 5 . 9  1 8 . 8  

3 . 4  8 . 9  10 . 2  

2 . 8  2 . 5  1 . 3  

0 . 5  0 0 . 6  

0 0 0 

4 . 0  4 . 3  1 . 9  

1 . 1  0 . 2 8 . 6  

5 - 6 5 - 7 *  

0 . 44 

1 4 . 0  

3 1 . 8  

1 5  

60 

1 2 . 8  

6 . 9  

1 . 3  

0 . 3 

0 

2 . 7  

.0 .  5 

0 . 0607 0 . 0692 0 . 0688 0 . 0623  0 . 0602 0 . 0595 0 . 0 708 

0 . 0034 0 . 0038 0 . 005 1 0 . 0049 0 . 0042 0 . 0045 0 . 0043  

0 . 0 1 10 o . 0 1 2 9  o . ai 3 1  o . o 1 28 o . o 1 25 o . o l o6  o . o 1 5 2  

* Found dead , no sample available 

�� Severe j aundice & haemoglobinaemia 

§ Ha.emoglob inaemia 



APPENDIX Xll (b ) · Bone marrow differentials of ballum infected hamsters from Experiment � .  Part I ,  euthanased on day 4 ,  pm. 

Hamster 5 3 5 4 5 - 6 
% Total % Series % Total % Series % Total % Series 

Mblast 0 0 0 0 0 0 
Pgran 1 . 3  5 . 8  1 . 1  3 . 2 1 . 2  3 . 3 
m (n) 14 . 2  65 . 4  20 . 4  6 2 . 3  1 9 . 8  56 . 3  
m (e) 0 0 0 . 5  1 . 0  0 . 5  1 . 3  
m (b) 0 . 8  3 . 8  0 . 3  1 . 0 1 . 2  3 .. 3 
mm (n) 2 . 5  1 1 . 5  3 . 7 1 1 . 4  5 . 3  1 5 . 3  
mm (e) 0 0 0 . 4  1 . 0  1 . 6  4 . 6  
band (n) 1 . 7  7 . 7  5 . 1  1 5 . 6  4 . 4  1 2 . 6  
band (e)  1 . 3  5 . 8  0 . 2 0 . 6  0 . 2 0 . 7  
PMN 0 0 0 . 7  2 . 3  0 . 5  1 . 3  
Eosin 0 0 0 . 1 0 . 3  0 0 
Bas 0 0 0 . 1 0 . 3  0 . 5  1 . 3  
Mitoses 0 0 0 0 0 0 
Total 2 1 . 8% 1 00% 32 . 7% 1 00% 35 . 1 % 1 00% 

Ebliist 0 0 0 0 0 0 
Enorm 0 0 0 . 6  2 . 5  0 . 2  0 . 7  
Norm 7 . 1 5 1 . 5  1 0 . 7  4 1 . 6  5 1 . 1  45 . 1  
L . norm 6 . 7  48 . 5  1 4 . 0  54 . 3  1 8 . 1 54 . 2  
Mitoses 0 0 0 . 4  1 . 6  0 0 
Total 1 3 . 8% 100% 25 . 8% 1 00% 3 3 . 5% 1 00% 

PL cell 0 0 0 
Lcyte 55 . 6  38 . 9  2 9 . 5 
Mcyte 0 0 0 
Mega 0 . 4  0 . 3  0 . 2 
Re tic 2 . 5  0 . 8  0 . 2  
Unclass 0 . 2 0 . 3  0 . 5  
Disint 5 . 0  1 . 2  0 . 9 

M : E  ratio 1 . 6 : 1 1 . 8 : 1 1 . 0 : 1 

Marrow smears from hamsters 5- 1 ,  5-2 , 5-5 were unsuitable for differentials 



APPENDIX XIII (a) Clinical pathological data f rom bal l um infec ted 
hamsters of Experimen t I ,  Part I euthanased on 
day 5 ,  am . 

Hamst er 

PCV 

Hb ( g/ cl£ )  

MCHC (g. Id 9..) 
II 

TP (g .//1.) 

WBC (x l O � I £ )  

PMN (x10 9 / £ )  

IMM (x 1 0 9 / £ )  

Eosin (x l 0 9 It )  

Bas (x 1 0 9 I£ )  

Lcyte (x 1 0 9 /X.)  

Mcyte (x10 9 / £ )  

Organ Wgt (g)
R . at1.o 

Body Wgt (g)  

Liver Wgt 
Body vlgt  

srleen vlgt 
Body Wgt 

Kidney� 
Body Hgt 

6 - 1 6 - 2 

0 . 035  0 . 1 2  

5 . 8  8 . 6  

1 65 . 7  7 1 . 7  

�[ �[ 

98 96 

8 . 7 8 . 7 

3 . 8  4 . 5  

2 . 1 1 . 8  . 

0 . 4  0 . 1 

0 0 

2 . 3  1 . 2  

0 . 3  1 . 0  

0 . 06 1 5  0 . 0584 

0 . 0054 0 . 0023 

0 . 00 1 9  0 . 0 1 38 

6 - 3 6 - 4 6 - 5 6 - 6 *  

0 . 075  0 . 085  0 . 28 

6 . 2  1 2 . 0  1 2 . 6  

82 . 7  1 4 1 . 2  45 . 0  

,[ ,[ ,[ 20+§ 

92  8 2  6 4  

4 . 1  34 . 3  54 . 0  

2 . 0  1 4 . 7  36 . 7  

0 . 8  4 . 1 5 . 4  

0 1 . 0 1 . 1  

0 . 1 0 0 

1 . 0  9 . 9  3 . 2  

0 . 2  4 . 5  7 . 6  

0 . 05 7 2  0 . 0560 o. 06 1 1  0 . 0504 

0 . 0053 0 . 0025 0 . 0033 0 . 0038 

o .  o ro6 0 . 0 1 26 0 . 0 1 30 0 . 0 1 1 1  

* Sample clotted 
-

�[ Severe j aundice & haemogJobinaemia 

§ Haemoglobinaemia 

6 - 7 

0 . 49 

1 4 . 8  

30 . 2  

0 

5 8  

3 . 0  

0 .  7 

0 

0 . 1  

0 

2 . 2  

0 . 1 

0 . 0563  

0 . 0020 

0 . 0094 



APPENDIX ·xni (b ) Bone marrow differentials of ball um infected hamsters from Experiment I ,  Part I euthanased on day 5 ,  am. 

Hamster 6 - 1 6 - 2 6 - 3 6- 4 6 - 5 6 - 6 6 - 7 
% Total Series % Total % Series % Total % Series % Total % Series % Total % Series % Total % Series % Total Series 

Mblast 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pgran 0 . 5  1 . 3  2 . 2  5 . 6  0 . 3 0 . 9 3 . 1 5 . 4  1 . 9  2 . 7  0 . 4  0 . 8  1 . 0 2 . 3  
m (n ) 26 . 0  67 . 8  20 . 7  5 3 . 1 22 . 2  64 . 2  28 . 2  48 . 9  3 1 . 5  45 . 6  37 . 3  75 . 6  22 . 9  52 . 3  
m (e ) 0 . 3  0 . 8  0 . 7  1 . 7  0 . 8  2 . 3  0 . 2  0 . 4  0 . 2  0 . 3  0 . 2 0 . 4  0 . 4  0 . 9  
rr. ( o ) 0 0 0 . 3  0 . 7 0 0 0 . 2  0 . 4  0 . 2  0 . 3  0 0 0 . 3 0 . 6  
rr.m (n) 6 . 3  1 6 . 3  6 . 3  1 6 . 1  5 . 9  1 7 . 0  7 .  1 1 2 . 3  1 2 . 6  1 8 . 2  2 . 9  5 . 6  3 . 4  7 . 7  
mm (e ) 0 . 2  0 . 4  0 . 3  0 . 7  0 . 3 0 . 9  0 0 0 . 2  0 . 3  0 0 0 . 1  0 . 3  
band (n) 4 . 5  1 1 . 7  4 . 8  " 1 2 . 2  3 . 5 .1 0 . 1 9 . 4  1 6 . 3  1 8 . 2  26 . 4  7 . 3  14 . 5  1 0 . 3 23 . 4  
band (e)  0 . 3  0 . 8  2 . 0  5 . 2  1 . 0  2 . 8  0 . 4  0 . 7  0 . 2 0 . 3  0 . 2  0 . 4  0 . 8  2 . 0  
P:t-fN 0 . 2  0 . 4  1 . 4  3 . 5  0 . 5  1 . 4  8 . 4 1 4 . 5  1 . 6  2 . 4  2 . 3  4 . 4  3 . 6  8 . 3  
Eosin 0 0 0 6 0 0 0 0 0 0 0 0 0 0 
Bas 0 0 0 0 0 0 0 0 0 0 0 · o 0 0 
M.itoses 0 . 2  0 . 4  0 . 4  1 . 0  0 . 2  0 . 5  0 . 6  1 . 1  2 . 3  3 . 4  0 . 6  1 . 2  1 . 0  2 . 3  
Total 38 . 4% 100% 38 . 9% 100% 34 . 6% 100% 57 . 7% 100% 6 9 . 0% 100% 5 1 . 3% 100% 43 . 8% 1 00% 

Eblast 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Enorm 0 . 2  0 . 8  0 . 3 1 . 0  0 . 2  1 . 1 0 0 0 . 2  5 . 0  0 0 0 . 8  3 . 1 
Norm 1 4 . 8  7 1 . 8  1 6 . 0  6 1 . 8  20 . 5  6 9 . 0  1 0 . 0  6 7 . 6  2 . 1 45 . 0  9 . 7  7 3 . 4 1 6 . 4  6 7 . 5  
L . norm 5 . 6  2 7 . 3  9 . 4  36 . 1  8 . 9  29 . 9  4 . 6  31 . 0  2 . 3  50 . 0  3 . 5  26 . 6  6 . 8  2 7 . 8  
Nitoses , 0 0 0 . 3  1 . 0  0 0 0 . 2  1 . 4  0 0 0 0 0 . 4  1 . 5  
Total 20 . 6% 1 00% 26 . 0% 1 00% 2 9 . 7 %  100% 14 . 9% 100% 4 . 7% 1 00% 1 3 . 3% 100% 24 . 3% 1 00% 

Pl . cell 0 0 . 1 0 0 0 . 5  0 0 .  1 
Lcyt e  37 . 1  30 . 8  30 . 6  25 . 3  20 . 3  31 . 7  30 . 4  
Mcyte 0 o . 0 0 0 0 0 
1-lega 0 . 3  0 . 5  0 . 5  0 . 4  0 . 5  0 0 . 3  
Re tic 1 . 6  1 . 1  2 . 9  0 . 4  2 . 3  2 . 3  1 . 0  
Unclass 1 . 6  2 . 0  1 . 4  0 . 8  1 . 9  1 . 0  0 . 3  
Disint  0 . 3  0 . 5  0 . 2  0 . 4  0 . 9 0 . 4  0 . 3  

M : E  ratio 1 .  9 : 1 1 . 5 :  l 1 .  2 :  1 3 . 9 : 1 1 4 d . 3 . 9 : 1 1 .  8 : 1  



APPENDIX XII I (c) Organ weight /body weight ratio s from ball um infected 
hamsters of Experiment I ,  Part I found dead on day 5 ,  am . 

Hamster 7 - 1 7 - 2 7 - 3 7 - 4 7 - 5 

Liver Wgt 0 . 0808 0 . 0700 0 . 06 7 2  0 . 0 7 86 0 . 0642 
Body Wgt 

Spleen Wgt 0 . 0050 0 . 0038 0 . 0029  0 . 0057 0 . 0033 
Body Wgt 

Kidne� Wgt 0 . 0 1 4 9  0 .  0"1 39 0 . 0 1 2 1  0 . 0 1 45 0.  0 1 1 7  
Body Wgt 

, __ 



APPENDIX X1V (a) Clinical pathological data from control hamsters 
experiment 

Hams ter 

PCV 

Hb ( g/d'i)  

MCHC ( g / d 9,) 

II 

TP ( g / t) 

WBC (x10 9 I 'lv )  

PMN (x10 9 l£)  

IMH (x10 9 i £ )  

Eosin (x10 9 I t )  

Bas ( x l 0 9 I 9.) 

Lcyte (xl0 5 I 'J., )  

Mcyte (x109 l t )  

Organ \vgt (g)
R . . 

Body Wgt ( g) 
,at10 

J�iver Wgt 
Body Wgt 

Srleen \vgt 
Body Wgt 

Kidney Wgt 
Body iVgt 

8 - 1 

0 . 50 

1 6 . 2  

32 . 4  

0 

52 

1 . 7  

0 . 5  

0 

0 

0 

1 . 0  

0 

0 . 0438 

0 . 00 1 2  

0 . 0086 

I ,  Part I euthanased on day 6 .  

8 - 2 8 - 3 8 - 4 8 - 5 

0 . 50 0 . 50 0 . 5 1  0 . 5 3 

1 6 . 8  1 6 . 8  1 6 . 8  1 7 . 8  

33 . 6  33 . 6  32 . 9  33 . 6  

0 0 0 0 

52 54  50 52 

� . 2 9 . 0  4 . 1  7 . 3  

0 . 5  0 . 7  1 . 8  1 . 4  

0 0 0 0 

0 0 . 2  0 . 1  0 . ] 

0 0 0 0 

2 . 7 7 . 8  2 . 2  5 . 8  

0 0 . 3  0 . 1 0 

0 . 0425  0 �.0466 0 . 0492 0 . 0448 

0 � 00 1 1  0 . 00 1 1  0 . 00 1 1  0 :  .. 0009 

0 . 00 7 2  0 . 0074 0 . 0078 0 . 0074 

of 



APPENDIX XIV (b) Bone marrow differentials of control hamsters from Experiment I ,  Part I euthanased on day 6 .  

Hamster 8 - 1 8 - 2 8 - 3 8 - 4 8 - 5 
% Total % Series % Total % Series % Total % Series % Total % Series % Total % Series 

Mblast 0 . 6  1 . 2  0 . 5  1 . 1 0 0 0 0 0 0 
Pgran 0 . 2  0 . 4  0 . 6  1 . 3  2 . 3  4 . 8  1 . 8  2 . 8  2 . 5  4 . 5  
m (n) 1 6 . 2  30 . 0  15 . 1  31 . 5  1 3 . 4 27 . 1  2 1 . 2  32 . 5  22 . 2  40 . 5  
m(e)  0 . 6  1 . 2  0 . 7  1 . 4  0 . 5  1 . 0  0 . 3  0 . 5  0 . 4  0 . 7  
m (b )  0 . 4  0 . 8  0 . 4  0 . 9  0 . 4  0 . 8  0 . 3  0 . 5  0 . 6  1 . 1  
mm (n) 3 . 6  6 . 8  5 . 1 1 0 . 6  4 . 5  9 . 1 7 . 5  1 1 . 4  3 . 9  7 . 2  
mm (e) 0 0 0 . 2  0 . 4  0 . 6  1 . 2  0 . 3  0 . 5  0 . 3  0 . 5  
band (n) 9 . 8  1 8 . 2  4 . 7  9 . 9 8 . 4  1 7 . 0  8 . 4  1 2 . 9 9 . 2  1 6 . 7  
band (e) 0 . 4  0 . 8  0 . 7  1 . 4  0 . 2  0 . 4  0 . 2  0 . 2  0 . 2  0 . 4  
PMN 2 1 . 6  39 . 9  1 9 . 7 4 1 . 2  1 8 . 9 38 . 1  25 . 2  . 38 . 6  1 5 . 1  2 7 . 5  
Eosin 0 0 0 .  1 0 . 2  0 0 0 0 0 0 
Bas 0 0 0 0 0 0 0 0 0 0 
Mitoses 0 . 4  0 . 8  0 . 1 0 . 2  0 . 3  0 . 6  0 . 2  0 . 2  0 . 5  0 . 9  
Total 54 . 1 % 100% 47 . 9% 100% 4 9 . 5% 100% 65 . 3% 1 00% 54 . 7% 100% 

Eblast 0 . 6 2 . 4 0 0 0 0 0 0 0 . 3  1 . 0  
Enorm 2 . 1 8 . 0  1 . 4  6 . 1 1 . 9  6 . 4  0 . 6  5 . 0  0 . 9  3 . 0  
Norm 1 6 . 7  6 2 . 4  14 . 7  65 . 8  1 9 . 3  66 . 3  8 . 5  6 9 . 1 16 . 8  58 . 1  
L . norm 7 . 3  27 . 2  6 . 1 27 . 3  7 . 3  25 . 3  2 . 9 2 3 . 5 1 0 . 0 34 . 6  
Mitoses 0 0 0 . 2  0 . 8  0 . 5  2 . 0  0 . 3  2 . 5  1 . 0  3 . 3 
Total 26 . 7% 100% 22 . 4% 100% 2 9 . 1 % 100% 1 2 . 4 % 100% 2 8 . 9%  1 00% 

Pl . cell 0 0 0 0 0 . 1 
Lcyte 1 9 . 2 2 9 . 4  2 1 . 3  2 1 . 7  1 6 . 1  
Mcyte 0 0 0 0 0 . 1 
Mega 0 0 . 3  0 . 1 0 . 6  0 . 1 
Re tic 0 . 1 0 0 0 .  1 0 
Unclass 0 0 . 1 0 0 0 
Disint  0 0 0 . 1 0 0 

M : E  ratio 2 . 0 : 1 2 . 1 : 1  1 .  3 : 1 5 . 6 : 1  1 .  9 : 1 



APPENDIX XV : Means , s tandard deviations and ranges of organ weigh t : 
body weight ratios of 10  untreated control hamsters 
from Experiment I, Part I .  

X SD Range 

Liver wgt (g) 
body wgt (g) 0 . 0504 ±0 . 0006 5 0 . 0425  - 0 . 06 1 6  

Spleen wgt (g) 
body wgt (g) 0. OOl l ±0 . 00032 0 . 0009 - 0 . 00 1 2  

Kidney wgt (g) 
body wgt (g) 0 . 008 1 ±0 . 00 1 0  0 . 0072  - 0 . 0 1 0 1  
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Day P .  I .  

Temp am •c 
Temp pm •c 
Haematology 
PCV 
Hb g/dP. 
NCHC g/dP. 
I I  
WBC x 109 /9. 
PHN X 109 h 
IMM x 1 09 /9. 
Lcyte x 109 /9. 
Mcyte x 109 /9. 
Eosin x 109 /9. 
Bas x 109 h 
Retic % 
Blood Biochemistry 
GGT IU/9. 
AAT IU/9. 
AP IU/ 9. 
BUN mmol /9.. 

Tot.  Bil \Jmo l /9.. 
Conj . Bil \Jmol /9.. 
TP g/9. 
Fib g/9. 
Albumin g /9. 
a glob g/9. 
e glob g/9. 
y glob g/9. 

Leptospire detec t ion 
Leptospiraemia (dfm) 
Leptospiraemia (culture) 
MAT (pomona) 
Leptospiruria (dfm) 

Urinanalvsis 
SG 
pH 
Prot 
Blood 
Bil 
Glucose 

-2 

38 . 0  
ND 

0 . 33 
1 1 . 4  
34 . 5  
2 
8 . 3  
4 . 1  
0 
3 . 5  
0 . 7  
0 
0 . 1  
< 1 

6 3 2  
30 
384 
5 . 4  

4 . 2  
0 
86 
8 
28 . 7  
6 . 9  
1 1 . 9  
30 . 6  

ND 
ND 
-ve 
ND 

- 1  

3 8 . 7 
ND 

0 . 32 
1 1 . 0  
34 . 4  
2 
5 . 3  
1 . 5  
0 
3 . 3  
0 . 5  
0 
0 
< 1  

4 34 
68 
405 
6 . 2  

4 . 2  
1 . 05 
80 
4 
2 9 . 0  
8 . 7  
1 5 .  1 
2 3 . 3  

ND 
ND 
-ve 
ND 

(:) 
38 . 0  
39 . 2  

0 . 32 
1 0 . 6  
3 3 . 1 
2 
4 . 8  
1 . 4  
0 
3 . 0  
0 . 3  
0 
0 . 1 
< 1  

35 1 
68 
386 
7 . 1 

4 . 2  
0 
76 
8 
26 . 3  
7 . 4  
1 0 . 1  
24 . 2  

ND 
-ve 
-ve 
ND 

38 . 4  
38 . 8  

0 . 33 
1 0 . 3 
3 1 . 2  
2 
5 . 3  
2 . 0  
0 
2 . 9  
0 . 3  
0 
0 . 1 
< 1  

2 9 5  
58 
3 1 4  
8 . 9  

4 . 2  
1 . 05 
74 
8 
7. 3 . 0  
9 . 6  
1 2 . 1 
2 1 . 4  

-ve 
-ve 
-ve 
-ve 

1 . 0 1 5  1 . 005 1 . 009 1 . 0 1 5  
7 8 7 6 
-ve -ve · -·ve -ve 
-ve -ve -ve -ve 
-ve -ve -ve -ve 
-ve -ve -ve -ve 

ND No t  done 

2 

38 . 0  
38 . 8  

0 . 32 
1 0 . 0  
3 1 . 3  
2 
5 . 9  
1 . 5  
0 
4 . 0  
0 . 4  
0 
0 
< 1  

2 8 3  
42 
458 
8 . 9  

2 . 1  
0 
80 
4 
29 . 3  
9 . 5  
1 4 . 6  
22 . 7  

-ve 
+ve 
-ve 
-ve 

3 

38 . 6  
38 . 4  

0 . 3 1  
9 . 4  
30 . 3  
2 
7 . 0  
1 . 2  
0 
4 . 8  
1 . 1  
0 
0 
< 1  

245 
27 
499 
9 . 8  

2 .  1 
0 
74 
10 
2 5 . 9  
7 . 6  
1 2 . 6  
1 8 . 0  

-va 
+ve 
-v� 
-ve 

4 

38 . 0  
3 9 . 1 

0 . 29 
8 . 9  
30 . 7  
2 
7 . 0  
2 . 8  
0 
3 . 7  
0 . 5  
0 
0 
< 1  

236 
35 
406 
7 . 1  

6 . 3  
1 . 05 
7 4  
4 
26 . 7  
8 . 6  
1 4 . 7  
1 9 . 9 

-ve 
+ve 
-ve 
-ve 

1 . 0 1 5  1 . 0 1 5  1 . 009 
6 i 6 
-ve -ve -ve 
-ve -ve -ve 
-ve -ve -ve 
-ve -ve -ve 

5 

38 . 0  
39 . 1  

0 . 32 
9 . 3  
2 9 . 1 
2 
7 . 4  
2 . 8  
0 
3 . 0  
1 . 4  
0 
0 . 1  
< 1  

202 
4 3  
4 4 4  
5 . 4  

2 .  1 
1 . 05 
76 
6 
2 9 . 7  
8 . 5  
1 3 . 0  
1 8 . 8  

-ve 
+ve 
-ve 
-ve 

1 . 0 1 5  
7 
trace 
-ve 
-ve 
-ve 

6 

37 . 4  
39 . 2  

0 . 3 1 
9 . 4  
30 . 3  
2 
6 . 2  
2 . 4  
0 
3 . 3  
0 . 5  
0 
0 
< 1  

1 7 7 
31  
337 
8 . 0  

2 . 1  
0 
74 
6 
29 . 2  
7 . 1 
1 2 . 3  
1 9 . 5  

-ve 
+ve 
-ve 
-ve 

1 .  0 1 2  
7 
-ve 
-ve 
-ve 
-ve 

7 

37 . 5  
38 . 5  

0 . 3 1 
9 . 8  
3 1 . 6  
2 
6 . 1  
2 . 2  
0 
3 . 0  
0 . 9  
0 
0 . 1 
< 1  

1 6 5  
33 
449 
8 . 0  

4 . 2  
0 
7 2  
4 
26 . 1  
8 . 0  
1 6 . 1  
1 7 . 8  

+ 
+ve 
-ve 
-ve 

1 . 009 
6 
-ve 
-ve 
-ve 
-ve 

8 

37 . 7  
39 . 2  

0 . 25 
8 . 2  
32 . 8  
2 
7 . 7  
3 . 3  
0 
4 . 1  
0 . 3  
0 
0 
< 1  

1 79 
78 
4 1 1 
8 . 9  

4 . 2  
1 . 05 
74 
2 
3 1 . 2  
6 . 5  
1 6 . 5  
1 7 . 9  

+ 
+ve 
-ve 
-ve 

9 

37 . 9  
3 9 . 0  

0 . 27 
9 . 0  
33 . 3  
1 0+ 
8 . 0  
2 . 8  
0 
4 . 3  
0 . 9  
0 
0 
< 1  

1 7 2  
7 1  
5 1 9  
8 . 0  

1 8 . 9  
1 0 . 5  
76 
8 
25 .. 9 
9 . 1 
1 4 . 1  
1 8 . 8  

+++ 
+ve 
-ve 
+ 

1 . 0 1 0  1 . 009 
6 7 
-ve -ve 
-ve -ve 
-ve -ve 
-ve -ve 

1 0  

38 . 0  
38 . 2  

0 .  3 1  
1 0 . 0  
3 2 . 3 
1 5+ 
1 3 . 7  
3 . 0  
0 
9 . 2  
1 . 5  
0 
0 
< 1  

2 7 8  
6 6  
7 50 
1 3 . 4  

7 5 . 6  
33 . 6  
8 2  
8 
28 . 6  
1 1 . 7  
1 4 . 7  
1 9 . 0  

-ve 
+ve 
-ve 
+ 

1 1  

38 . 6  
39 . 1  

0 . 27 
8 . 2  
30 . 4  
so 
1 2 . 9  
5 . 3  
0 
6 . 2  
1 . 2  
0 
0 . 3  
< 1  

2 7 1  
49 
843 
8 . 9  

58 . 8  
2 9 . 4  
76 
6 
28 . 4  
1 1 . 8  
1 3 . 9  
1 5 . 9  

-ve 
-ve 
trace 
+ 

1 2  

39 . 1  
39 . 2  

0 . 25 
7 . 8  
3 1 . 2  
so 
9 . 7  
3 . 2  
0 
5 . 9  
0 . 6  
0 
0 
< 1  

307 
47 
8 1 0  
7 . 1  

56 . 7  
2 9 . 4  
7 2  
4 
26 . 4  
1 0 . 8  
1 6 . 9  
1 3 . 9  

-VP. 
-ve 
1 : 48 
++ 

1 3  1 4  

3 8 . 1 
39 . 1  

0 . 24 
7 . 6  
3 1 . 7  
25 
9 . 6  
3 . 5  
0 
5 . 4  
0 . 6  
0 . 1  
0 . 1  
< 1  

288 
5 1  
766 
8 . 0  

42 . 0  
1 8 . 9  
74 
8 
2 7 . 1  
9 . 8  
1 4 . 1  
1 5 . 1 

-ve 
-ve 
1 : 4 8  
++ 

38 . 4  
38 . 6  

0 . 24 
7 . 4  
30 . 8  
1 0- 1 5  
1 1 . 3  
3 . 2  
0 
7 . 7  
0 . 3  
0 . 1  
0 
< 1  

286 
57 
799 
5 . 4  

25 . 2  
1 0 . 5  
7 4  
4 
28 . 4  
1 1 . 5  
1 5 . 5  
1 4 . 6  

-ve 
-ve 
1 : 48 
+++ 

1 5  

3 9 . 4  
Euth 

0 . 22 
7 . 4  
33 . 6  
10- 1 5  
7 . 5  
2 . 3  
0 
4 . 7  
0 . 5  
0 
0 
< 1  

203 
57 
792 
4 . 5  

1 0 . 5  
4 . 2  
76 
1 0  
2 7 . 5  
1 0 . 0  
1 4 . 9  
1 3 . 7  

-ve 
-ve 
1 : 96 
+++ 

1 . 007 1 . 0 1 2  1 . 0 1 6  1 . 0 1 1  1 . 0 1 1  1 . 0 1 8  
7 7 6 7 7 6 
trace ++ +++ ++ + trace 
-ve -ve -ve -ve -ve -ve 
trace ++ +++ ++ + trace 
trace + +++ +++ ++ trace 

+ Sccasional leptospire saen or Small quantities of substance present in urine 
++ Several leptospircs seen or Moderate quantities of substance present in urine 
+r+ Many leptospires seen or Large quantities of substance present in urine 
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Day P .  I .  -2 -1  0 2 - 2  - 1  0 2 

Temp am •c 38 . 8  39 . 8  38 . 6  38 . 6  38 . 7  37 . 8  38 . 5  38 . 4  38 . 6  38 . 8  
Temp pm •c ND ND 38 . 8  39 . 6  38 . 2  ND ND 38 . 8  39 . 2  38 . 4  

Haematologx 
PCV 0 . 33 0 . 32 0 . 33 0 . 32 0 . 29 0 . 3 1 0 . 30 0 . 31 0 . 29 0 . 27 
Hb g /dR. 1 1 . 4  1 1 . 4  1 1 . 0  1 0 . 2  9 . 3  1 0 . 6  1 0 . 0  1 0 . 0  9 . 3  8 . 3  
MCHC g/dR. 34 . 6  35 . 6  33 . 3  3 1 . 9  3 2 . 1 34 . 2  33 . 3  32 . 3  32 . 1  30 . 7  
I I  2 2 2 2 2 2 2 2 2 2 
WBC x 109 / R.  6 . 8  9 . 1 6 . 5  4 . 9  6 . 1  7 . 1  5 . 9  9 . 3  8 . 7  8 . 4  
PMN X 109 /R. 1 . 4 3 . 2  1 . 4  1 . 4  0 . 7  3 . 1 1 . 3  1 . 7  5 . 2  3 . 6  
IMM X 1 0 9 /R. 0 0 0 0 0 0 0 0 0 0 
Lcyte x 109 / R.  4 . 9  5 .  '• 4 . 9  3 . 3 4 . 8  3 . 4  4 . 0  7 . 0  2 . 9  4 . 5  
Mcyte x 1 0 9 / R.  0 . 4  0 . 3  0 . 1  0 . 2  0 . 6  0 . 5  0 . 6  0 . 5  0 . 6  0 . 3  
Eosin x 1 0 9 / R.  0 0 0 . 1 0 0 0 0 0 0 0 
Bas x 1 0 9 / R.  0 . 1 0 . 3  0 . 1  0 0 0 . 1 0 0 . 2  0 0 
Retic % < 1 < 1  < 1  < 1  < 1  < 1  < 1 < 1 < 1  < 1  

Blood Biochemistr::t 
GGT IU/R. 208 1 32 1 1 3  99 82 503 349 323 254 1 86 
AAT IU/R. 28 36 32 29 35 24 34 34 35 33 
AP IU/R. 6 34 5 6 3  5 1 8  443 563 421 399 38 1 206 2 1 4  
BUN mmol/R. 4 . 5  5 . 4  5 . 4  7 . 1  6 . 2  5 . 4  6 . 2  5 . 4  6 . 2  5 . 4  
Tot .  Bil lJmol/R. 8 . 4  6 . 3  6 . 3  4 . 2  4 . 2  6 . 3  4 . 2  8 . 4  8 . 4  8 . 4  
Conj . Bil IJmol/.1. 2 . 1  1 . 05 0 0 0 2 . 1  1 . 05 1 . 0 5  0 0 
TP g / R.  74 70 70 70 66 7 6  7 8  7 6  6 8  7 0  
Fib g / R.  6 8 6 4 2 6 8 6 2 6 
Albumin g/R. 28 . 0  2 7 . 7  27 . 6  28 . 5  27 . 1  27 . 2  24 . 6  28 . 7  26 . 4  25 . 2  
a glob g/R. 6 . 7  4 . 2  6 . 3  8 . 1  8 . 0  7 . 2  4 . 8  7 . 0  7 . 9  8 . 3  
a g l ob g / R.  1 4 . 7  1 1 . 7  1 2 . 4  1 3 . 5  1 3 . 6  1 3 . 7 1 4 . 9  1 2 . 3  1 2 . 9  16 . 3  
y glob g/R. 1 8 . 7  18 . 5  1 7 . 7  1 6 . 0  1 5 . 4  22 . 0  25 . 7  2 2 . 0  1 8 . 9  14 . 1  
LeEtOSEire detection 
Lep tospiraemia (dfm) P lasma not examined for Leptospires by dfm. Plasma not examined for Leptospirea by d fm 
Leptospiraemia (culture) Plasma not cultured Plasma not cultured 
MAT (pomona) -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve 
Leptospiruria (dfm) Urin� not examined for Leptospires by dfm Urine not examined for Leptospires by dfm 
Urinanal::tsis 
SG 1 . 0 1 5  1 . 005 1 . 00 3  1 . 0 1 5  1 . 0 10 1 . 0 1 5  1 . 00 2  1 . 00 3  1 . 02 1  1 . 000 
pH 6 8 7 7 6 6 7 7 7 6 
Prot -ve -ve ··ve ., -ve -ve -ve -ve -ve -ve -ve. 
Blood -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve 
Bil -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve 
Glucose -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve 
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APPENDIX XIX: Clinical pathological data from pomona infected calf 1 4  

Day PI -2 - 1  0 2 3 4 

Temp am . °C 38 . 7  39 . 4  38 . 6  38 . 6  38 . 0  38 . 4  38 . 6  
Temp pm °C ND ND 38 . 6  3 9 . 6  39 . 0  39 . 8  39 . 4  

Haematology 
PCV 0 . 32 0 . 33 0 . 32 0 . 3 1 0 . 3 1 0 . 30 0 . 28 
Hb g/dR. 10 . 5  '1 0 . 6  1 0 . 6  9 . 8  9 . 8  9 . 4  8 . 2  
MCHC g/dR. 32 . 8  32 . 1 31 . 1  31 . 6  31 . 6  3 1 . J  29 . 3  
I I  2 2 2 2 2 2 2 
WBC x 1 09 /R.  6 . 3  1 0 . 5  9 . 8  6 . 4  7 . 5  1 0 . 1  5 . 8  
PHN x 1 09 /R.  2 . 1  2 . 8  4 . 2  3 . 1  2 . 9  5 . 4  2 . 0  
lM:-1 x 109 /R. 0 0 0 0 0 0 0 
Lcyte X 10�/R.  3 . 3  6 . 6  5 . 0  2 . 6  3 . 9  4 . 5  3 . 4  
Mcyte X l09 /'J.  0 . 9  1 . 1  0 . 5  0 . 5  0 . 7  0 . 1 0 . 4  
Eosin x 1 0 s / R.  0 0 0 0 0 0 0 
Bas x 109 / �  0 0 0 0 0 . 1 0 . 1 0 
Re tic % < 1  < 1  < 1  < 1  < 1  < 1 < 1  

Blood Biochemist!! 
GGT IU/R. 373 267 236 1 9 1  156  144  1 34 
AAT IU/R. 27 3 1  56 29 31 27 23  
AP IU/R. 700 697 599 673 5 1 9  525 593 
BUN mruol/R.  4 . 5  5 . 4  7 .  1 7 . 1 7 . 1  5 . 4  7 . 1  

Tot , Bil IJmol/R. 6 . 3  6 . 3  8 . 4  6 . 3  4 . 2  4 . 2  1 6 . 8  
Conj . Bil . )Jmol/1.  1 . 05 2 . 1  1 . 05 1 . 05 1 . 05 0 1 . 05 
TP g/R. 74 76 72 74 74 68 70 
Fib g/R. 4 8 4 6 4 2 4 
Albumin gh 2 7 . 4  2 9 . 1 2 8 . 4  2 8 . 8  2 8 . 6  2 9 . 6  35 . 2  
a glob g/t 5 . 2  6 . 8  5 . 6  7 . 2  7 . 8  6 . 2  1 . 5  
fl glob g/R. 1 4 . 8 1 4 . 6  1 5  • . 0 1 3 . 1 1 4 . 6  1 3 . 0  1 5 . 3  
y glob g/R. 22 . 7  1 7 . 6  1 9 . 0  1 9 . 0  1 9 . 0  1 7 . 2  14 . 1  

LeEtosEire detection 
Lep tospiraemia (dfm) ND ND ND -ve -ve -ve -ve 
Lep tospiraemia · (culture) ND ND -ve +ve +ve +ve +ve 
MAT (pomona) -ve -ve -ve -ve -ve -ve -ve 
Leptospiru-ria (dfm) ND ND ND -ve -ve -ve -ve 

Urinanalys is 
SG 1 . 005 1 . 005 1 . 006 1 . 0 1 5  1 . 0 1 5  1 . 006 1 . 009 
pH 6 6 6 . 5 6 7 5 
Pro t  -ve -ve -ve -ve -ve -ve -ve 
Blood -ve -ve -ve -ve -ve -ve -ve 
Bil -ve -ve -V E. -ve -ve -ve -ve 
Glucose -ve -ve -ve -ve -ve -ve -ve 

* Slight haemoglobinaemia 
ND Not done 
+ Occasional leptospire seen 
++ Several leptospires seen 

------ -- -, 

5 

38 . 0  
39 . 1  

0 . 22 
6 . 8  
30 . 9  
5- 10* 
1 1 . 0  
2 . 0  
1 . 3  
5 . 4  
2 . 3  
0 
0 
< 1  

102  
7 7  
630 
1 0 . 7  

35 . 7  
8 . 4  
70 
6 
25 . 7'  
9 . 4  
1 3 . 5  
1 5 . 4  

+ 
+ve 
-ve 
++ 

1 . 0 ).6 
6 
trace 
trace 
-ve 
-ve 
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I 
! Day PI I -2 -1 0 2 3 4 

Temp am • c  39 . 2  38 . 8  38 . 2  38. 3 38 . 8  39. 1 38 . 8  
Temp pm •c NO ND 38 . 4  38 . 8  38. 3 39 . 3  39 . 5  

Haematolog:z: 
PCV 0 . 33 0 .• 32 0 . 33 0 . 32 0 . 33 0 . 36 0 . 29 
Hb g/di 1 1 . 0  10 . 8  1 0 . 8  1 1 . 0 10 . 6  1 0 . 9  9 . 2  
MCHC g /dt 33. 3 33 . 8  32 . 7  34 . 4  32. 1 30 . 3  3 1 . 7  
I I  2 2 2 2 2 2 2 
WBC x 10 9 / t  9 . 6  5 . 4  7 . 5  5 . 5  8 . 0  5 . 5  5 . 0  
PMN x 10 9 / £  5 . 5  1 . 4 1 . 2  1 . 3  0 . 8  1 . 2  1 . 0 
IMM x 10 9 / t  0 0 0 0 0 0 0 
Lcyte x 10 9 / t  3 . 8  3 . 4  5 . 2  3 . 6  6 . 5  4 . 1  3 . 5  
Mcyte x 1 0 9 / t  0 . 3  0 . 5  1 . 1  0 . 6 0 . 6  0 . 3  0 . 6  
Eosin x 10 9 / t  0 0 0 0 0 0 0 
Bas x 1 09 /t 0 0 . 1 0 0 0 . 1 0 0 
Retic % < 1  < 1  < 1 < 1 < 1 < 1 < t 

Blood Biochemistr� 
GGT IU/R. 227 1 58 1 16 103 101 8 7  7 1  
AAT IU/ t 20 5 1  4 1  3 1  32 29 27 
AP IU/ t 374 403 3911 340 3 1 6  337 4 6 1  
BUN mmol / t  4 . 5  6 . 2  4 . 5  4 . 5  4 . 5  4 . 5  5 . 4  

Tot .  Bil \Jmol/i 1 2 . 6  4 . 2  6 . 3  6 . 3  8 . 4  9 . 45 1 2 . 6  
Conj . Bil IJmOl/£ 4 . 2  2 . 1  0 1 . 05 2 . 1 1 . 05 1 . 05 
TP g/t  82  86 82 80 82 58 80 
Fib g/t 2 4 6 2 2 2 4 
Albumin g/R.  31 . 6  28 . 7  3 1 . 9  29 . 9  35 . 1  24 . 4  31 . 5  
u glob g/t. 7 . 4  7 . 5  6 . 1  7 . 6  7 . 8  4 . 1  8 . 1 
B glob g/t 1 7 . 2  1 6 . 1  1 5 . 2  1 5 . 8  1 7 . 9  1 6 . 5  1 6 . 0  
y glob g/t 2 3 . 8  29 . 9  26 . 7  24 . 8  1 9 . 1  1 5 . 9  20 . 4  

LeEtosEire detect ion 
Leptospiraemia (dfm) ND ND NO -ve -ve -ve -ve 
Leptospiraemia (culture) ND ND -ve -ve +ve +ve +ve 
�.AT (pomona) -ve -VE> -ve -ve -ve -vc -ve ,. 
J"eptospiruria (dfm) ND ND ND -ve -ve -ve -ve 

Urinanal;tsis 
SG 1 . 007 1 . 003 1 . 0 1 0  1 . 006 1 . 005 1 . 005 1 . 005 

· pH 5 4 5 5 6 6 5 
Prot -ve -ve -ve -ve -ve -ve -ve 
Blood -ve -ve -ve -ve -ve -ve -ve 
Bil -ve -ve -ve -ve -ve -ve -ve 
Glucose -ve -ve -ve -ve -ve -ve -ve 

* Severe haemoglobinaemia 
ND Not done 
+ Small quantities of substance present 
+++ Large quantitiE>s of substance present 
++ Several leptospires seen 

- -� - --·--

5 6 

38 . 1  39 . 1  
40 . 0  39 . 7  

0 . 26 0 . 1 6 
8 . 0  5 . 2  
30 . 8  32 . 5  
2 25+ 
4 . 6  1 1 . 7  
1 . 0  3 . 0  
0 1 . 1  
3 . 3 4 . 9  
0 . 3  2 . 7  
0 0 
0 0 
< 1 < t 

6 1  5 
25 1 6 3  
3 1 1  4 1 3  
7 . 1  1 2 . 5  

6 . 3  50. 4 
2 . 1  2 . 1  
74  88  
6 8 
2 8 . 6  2 8 . 2  
8 . 5  1 5 . 4  
1 3 . 4  1 6 . 6  
2 1 . 5  1 9 . 7 

-ve ++ 
+ve +ve 
-ve -ve 
-ve ++ 

1 . 0 1 4  1 . 0 1 5  
5 7 
-ve +++ 
-ve +++ 
-ve + 
-ve -ve 
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Day P I  - 2  - 1  0 2 3 4 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  

Temp am •c 
Temp pm •c  

38 . 2  39 . 4  38 . 2  
ND ND 38 . 2  

38 . 0  38 . 0  38 . 2  38 . 0  38 . 1  
38 . 5  38 . 9  39 . 0  39 . 2  38 . 8  

38 . 0  38 . 5  
38 . 0  38 . 4  

37 . 7  38 . 2  
39. 3 38 . 8  

37 . 8  37 . 2  
38 . 8  39 . 1  

39. 1 38 . 6  38 . 8  39 . 6  
39 . 0  3 9 . 4  39 . 1  Euth 

Haemat� 
PCV 
Hb g/dt 
MCHC g/dt 
II 
W'3C: X 109 / t  
PNN x 1 09 / l  
IMM x 109 /i  
Lcyte x 1 0 9 h 
Mcyte x 1 09 / 9. 
Eosin x 1 0 9 /t 
Bas x 1 09 h 
Ret�.c % 
Blood Biochemis try 
GGT IU/t 
AAT IU/i 
AP IU/l 
BUN mmol /l 

Tot . Bil  11mol/l 
Conj . Bil  IJmol h 
TP g/l 
Fib g/t  
Albumin g / t  
a glob g / t  
a glob g/t  
y glob g / 9. 

0 . 40 
1 3 . 4  
33 . 5  
2 
8 . 2  
2 . 7  
0 
4 . 7  
0 . 7  
0 . 1 
0 . 1 
< 1  

3 1 4  
2 6  
267 
4 . 5  

8 . 4  
2 . 1  
84 
4 
3 1 . 6  
6 . 2  
1 9 . 1 
2 3 . 0  

Leptospire detection 
L�p tospiraemia (dfm) ND 
Leptospirnemia (culture) ND 
�T (pomona) -ve 
Leptospiruria (dfm) ND 

0 . 36 
1 2 . 4  
34 . 4  
2 
6 . 9  
1 . 4  
0 
5 . 1 
0 . 3  
0 
0 . 1 
< 1  

205 
43 
378 
5 . 4  

4 . 2  
2 . 1 
80 
4 
3 1 . 5  
6 . 8  
1 4 . 2  
23 . 2  

ND 
ND 
-ve 
ND 

0 . 39 
1 3 . 0  
33. 3 
2 
8 . 6  
1 . 9  
0 
5 . 7  
0 . 9  
0 
0 
< 1 

198 
40 
357 
5 . 4  

8 . 4  
2 . 1  
78 
2 
32 . 2  
6 . 2  
1 6 . 4  
2 1 . 2  

ND 
-ve 
-ve 
ND 

0 . 40 
1 3 . 4  
33. 5 
2 
6 . 8  
1 . 2  
0 
4 . 6  
1 . 0  
0 
0 . 1 
<: 1  

1 5 1  
35 
278 
7 . 1 

4 . 2  
0 
80 
4 
32 . 0  
8 . 4  
1 5 . 7  
20 . 0  

-ve 
+ve 
-ve 
-ve 

0 . 38 
1 1 . 9  
31 . 3  
2 
7 . 0  
1 . 2  
0 
4 . 6  
1 . 3  
0 
0 
< 1  

1 18 
36 
258 
5 . 4  

6 . 3  
2 . 1  
78 
2 
3 1 . 0  
8 . 1 
1 6 . 3  
20 . 7  

-ve 
+ve 
-ve 
-ve 

Urinanalysis 
SG 1 . 007  1 . 004 1 . 0 1 1  1 . 006 1 . 001  
pH 6 7 6 8 6 
Prot -ve -ve -ve -ve -ve 
Blood -ve -ve -ve -ve -ve 
1311 -ve -ve -ve -ve -ve 
Glucose -ve -ve -ve -ve -ve 

ND : Not done · 

+ Occasional leptospire seen 

0 . 40 
1 2 . 3  
30 . 8  
2 
6 . 7  
1 . 9  
0 
3 . 9  
0 . 9  
0 
0 
< 1  

1 1 3  
35 
3 1 3  
5 . 4  

4 . 2  
1 . 05 
74 
2 
32 . 3  
5 . 6  
1 5 . 5  
1 8 . 7  

-ve 
+ve 
-ve 
-ve 

0 . 39 
1 2 . 5  
32 . 1  
2 
7 . 1  
2 . 0  
0 
4 . 3  
0 . 8  
0 
0 . 1 
< 1 

97 
39 
327 
4 . 5  

8 . 4  
2 . 1  
78 
4 
3 1 . 4  
8 . 7  
1 6 . 3  
1 7 . 7  

-ve 
+ve 
-ve 
-ve 

1 .  002 1 .  001  
7 6 
-ve -ve 
-ve -ve 
-ve -ve 

0 . 39 
1 2 . 0  
30 . 8  
2 
7 . 4  
1 . 6  
0 
4 . 6  
1 . 1  
0 . 1  
0 
< 1  

6 1  
29 
289 
5 . 4  

2 . 1  
0 
76  
6 
29 . 3  
8 . 3  
1 2 . 0  
20 . 4  

-ve 
+ve 
-ve 
-ve 

0 . 38 
1 2 . 4  
31 . 8  
2 
9 . 1  
2 . 1  
0 
5 . 8  
1 . 2  
0 
0 
< 1  

80 
29 
276 
7 . 1  

4 . 2  
0 
76 
6 
31 . 9  
7 . 5  
1 5 . 0  
1 5 . 6  

-ve 
+ve 
-ve 
-ve 

o .  36 
1 1 . 8  
3 1 . 1  
2 
8 . 7  
1 . 8  
0 
5 . 4  
1 . 5  
0 
0 
< 1  

7 3  
27 
260 
6 . 2  

2 . 1 
0 
80 
8 
30 . 3  
8 . 6  
1 9 . 6  
1 3 . 5  

-ve 
+ve 
-ve 
-ve 

0 . 36 
1 1 . 2  
31 . 1  
2 
1 1 . 4  
3 . 1 
0 
7 . 3  
0 . 9  
0 
0 . 1  
< 1  

7 8  
38 
4 1 6  
5 . 4  

4 . 2  
0 
74 
6 
28 . 6  
8 . 1  
14 . 7  
1 4 . 7  

+ 
+ve 
-ve 
-ve 

1 . 005 1 . 006 1 . 008 1 . 001 
5 6 5 5 
-ve -ve -ve -ve 
-ve -ve -ve -ve 
-ve -ve -ve -ve 

-ve -ve · -ve -ve -ve -ve 

0 . 36 
1 1 . 8  
3 2 . 8  
5 
9 · '· 
1 . 4 
0 
7 . 1  
0 . 8  
0 
0 
< 1  

73 
40 
279 
5 . 4  

6 . 3  
2 . 1  
78 
6 
31 . 5  
9 . 9  
1 4 . 2  
16 . 3  

0 . 39 
1 1 . 4  
29 . 2  
2 
1 2 . 9  
2 . 7  
0 
8 . 4  
1 . 5  
0 
0 . 3  
< 1  

66 
35 
282 
5 . 4  

4 . 2  
1 . 05 
80 
6 
32. 1 
8 . 9  
1 7 . 5  
1 3 . 5  

0 . 38 
1 2 . 0  
3 1 . 6  
2 
9 . 6  
2 . 6  
0 
6 . 0  
0 . 8  
0 
0 . 2  
< 1  

6 1  
34 
272  
5 . 4  

4 . 2  
0 
76  
6 
31 . 8  
1 0 . 1  
1 3 . 1 
1 3 . 1 

0 . 36 
1 1 . 2  
3 1 . 1  
2 
8 . 6  
3 . 3  . 
0 
4 . 6  
0 . 7  
0 
0 
< 1  

54 
33 
305 
5 . 4  

2 . 1 
1 . 05 
72 
6 
29 . 6  
8 . 8  
14 . 3  
1 3 . 3  

0 . 37 
1 1 . 4  
30 . 8  
2 
1 1 . 4 
3 . 8  
0 
6 . 7  
0 . 9  
0 . 1  
0 
< 1  

54 
45 
328 
4 : 5  

2 . 1  
0 
7 2  
6 
3 1 . 8  
9 . 3  
14 . 1  
10 . 9  

0 . 33 
1 0 . 2  
30 . 9  
2 
9 . 5  
2 . 8  
0 
6 . 2  
0 . 4  
0 . 1 
0 
< 1  

42 
51 
322 
6 . 2  

4 . 2  
1 . 05 
68 
4 
32 . 3  
7 . 7  
1 2 . 9  
1 1 . 1 

0 . 30 
9 . 8  
32 . 7  
2 
1 0 . 2  
2 . 0  
0 
8 . 1  
0 . 1 
0 
0 
< 1  

35 
39 
284 
4 . 5  

2 . 1  
0 
62  
4 
2 8 . 6  
6 . 2  
1 4 . 0  
9 . 2  

+ -ve -ve -ve -ve -ve -ve 
+ve +ve -ve -ve -ve -ve -ve 
trace 1 : 96 1 : 96 1 : 384 1 : 192  1 : 96 1 : 48 
-ve -ve -ve -ve -ve -ve -ve 

1 . 0 1 9  
6 
-ve 
-ve 
-ve 
-ve 

1 . 0 1 0  1 . 006 
6 6 
-ve -ve 
-ve -ve 
-ve -ve 
-ve -ve 

1 . 0 1 0  1 . 020 1 . 020 1 . 006 
6 6 6 6 
-ve trace -ve -ve 
-ve -ve -ve -ve 
-ve -ve -ve -ve 
-ve -ve -ve -ve 



APPENDIX XXII : Clinical 

Day PI 

Temp am °C 
Temp pm °C 

Haematolog:z: 
PCV 
Hb g/di 
MCHC g/di 
II 
WBC x 10 9 / R.  
PMN x 10 9 / R.  
IMM x 10 9 / R.  
Lcyte x 10 9 /R.  
Mcyte x 10 � / t  
Eosin x 10 9 / t  
Bas x 1 0 9 /R.  
Re tic % 

Blood BiochemistE:z:: 
GGT IUf g,  
AAT IU/ 1  
AP IU/ 1 
BUN mmol/1 

Tot .  ·Bil 1Jmol/R. 
Conj . Bil 1Jmol / R.  
TP g/ 1 
Fib g/R. 
Albumin g/R. 
a glob g/1 
tl glob g/1  
y glob g/1  

LeEtosEire detect ion 
Lep tospiraemia (dfm) 
Leptospiraemia (culture) 
KA.T (pomona) 
Leptospiruria (dfm) 

Urinanal:z:sis 
SG 
pH 
Prot 
Blood 
Bil 
Glucose 

* 
ND 
+ 
++ 
+++ 

pathological data from pomona infected calf 1 7  

-2 - 1  0 2 3 

38 . 4  39 . 2  38 . 8  38 . 6  38 . 6  38 . 7  
ND ND 38 . 4  39 . 2  39 . 4  4 0 . 0  

0 . 35 0 . 36 0 . 38 0 . 35 0 . 36 0 . 35 
1 1 . 4  1 1 . 4  1 2 . 8  10 . 5  1 1 . 8  1 0 . 5  
32 . 6  3 1 . 7  33 . 7  30 . 0  32 . 8  30 . 0  
2 2 2 2 2 2 
8 . 7  7 . 7  8 . 0  1 1 . 5  10 . 6  9 . 8  
2 . 0  1 . 7  1 . 2  2 . 9  2 . 4  3 .  7 
0 0 0 0 0 0 
6 . 5  5 . 7  6 . 2  7 . 4  7 . 1 5 . 5  
0 . 2  0 . 3  0 . 6  1 . 3  1 . 1  0 . 5  
0 0 0 0 0 0 . 1 
0 0 0 0 . 1 0 0 
< 1  < 1  < I  < 1  < 1  < 1  

2 7 1  1 8 1  1 7 5  1 2 2  9 9  1 0 1  
2 2  39 36 27 26 27 
540 677  476  336 318  356 
5 . 4  6 . 2  5 . 4  7 . 1 7 . 1  5 . 4  

6 . 3  6 . 3  8 . 4  4 . 2  4 . 2  4 . 2  
1 . 05 0 0 1 . 05 1 . 05 0 
76 74 72 74 76 70 
6 6 4 8 4 4 
2 7 . 7  19 . 2  28 . 7  26 . 8  29 . 7  29 . 3  
5 . 8  6 . 7  5 . 3  7 . 1  8 . 4  6 . 5  
1 3 . 0  1 4 . 4  14 . 2  1 1 . 8  1 5 . 7 1 4 . 5  
2 3 . 6  1 7 . 8  1 9  •. 8 20 . 5  1 8 . 1 1 5 . 8  

ND ND NO -ve -ve -ve 
ND ND -ve +ve +ve +ve 
-ve -ve -ve -ve -ve -ve 
ND ND ND -ve -ve -ve 

1 . 007 1 . 004 1 . 0 1 1  1 . 009 1 . 004 1 . 005 
5 6 6 7 6 6 
-·ve -ve -ve -ve -ve -ve 
-ve -ve -ve -ve -ve -vc 
-ve -ve -ve -ve -ve -ve 
-ve -ve -ve -ve -ve -ve 

Severe haemoglobinaemia 
Not done 
Occasional leptospire seen 
Several leptospires seen 
Large quantities of substance present 

4 

39. 1 
39 . 4  

0 . 32 
9 . 8  
30 . 6  
2 
5 . 8  
1 . 8 
0 
3 . 5  
0 . 5  
0 
0 
< 1  

82 
30 
470 
7 . 1 

4 . 2  
0 
68  
4 
26 . 7  
8 . )  
1 6 . 3  
1 2 . 5  

-ve 
+ve 
-ve 
-ve 

1 . 00 1  
6 
-ve 
-ve 
-ve 
-ve 

5 

- · . -· ·- . .  

39 . 4  
39 . 9  

0 . 23  
7 . 3  
3 1 . 7  
25+ * 
1 2 . 1 
4 . 3  
1 . 0 
5 . 8  
1 . 0 
0 
0 
< 1  

90 
82 
279 
1 1 . 6  

29 . 4  
2 . 1  
82 
12 
24 . 6  
22 . 2  
8 . 9  
1 4 . 0  

+ 
+vP. 
-ve 
++ 

1 . 0 1 0  
5 
+++ 
+++ 
-ve 
-ve 
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DAY PI -2 - 1  0 2 3 4 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  

Temp am oc 38 . 4  38 . 6  38 . 4  38 . 0  38 . 4  38 . 5  38 . 7  38. 4  38 . 3  38 . 3  38 . 5  39 . 3  38 . 2  39 . 0  38 . 0  38 . 0  38 . 9  39 . 0  
Temp pm oc ND ND 38 . 5  38 . 8  38 . 9  38 . 0  38 . 8  39 . 1  39. 3  39 . 2  38 . 6  39 . 3  39 . 2  39 . 2  39 . 0  39 . 8  39 . 3  Euth 

Haematolog:l 
PCV 0 . 32 0 . 36 0 . 34 0 . 34 0 . 37 0 . 35 0 . 30 0 . 33 0 . 30 o .  31  0 . 31 0 . 28 0 . 30 0 . 28 0 . 29 0 . 32 0 . 3 1 0 . 27 
Hb g/d9.. 10 . 8  1 1 . 6  1 1 . 4  1 0 . 6  1 1 . 8  10 . 8  9 . 2  9 . 9  9 . 3  9 . 4  9 . 4  8 . 8  9 . 1  8 . 6  8 � 8  9 . 6  9 . 6  8 . 4  
MCKC g/d9.. 3 3 . 8  32 . 2  3 3 . 5 3 1 . 2  3 1 . 9  30 . 9  30 . 7  30 . 0  31 . 0  30 . 3  30 . 3  3 1 . 4  30 . 3  30 . 7  30 . 3  30 . 0  3 1 . 0  3 1 . 1  
II 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
WBC x 1 09 /9.. 1 1 . 8  1 0 . 6  9 . 5  6 . 0  1 0 . 5  8 . 4  8 . 8  9 . 6  1 0 . 6  1 0 . 6  8 . 4  9 . 8  8 . 3  9 . 1 9 . 2  9 . 5  1 0 . 2  9 . 5  
PMN x 109 /9.. 3 . 9  3 . 5  2 . 9  1 . 1  3 . 6  1 . 6  2 . 1  3 . 1 2 . 9  3 . 9  1 . 3  2 . 3  2 . 7  2 . 5  2 . 1  2 . 0  2 . 7  2 . 9  
IMH x 109 /9.. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Lcyte x 1 09 /9.. 7 . 4  5 . 8  6 . 0  4 . 7  6 . 1 6 . 2  6 . 2  5 . 7  5 . 8  6 . 5  6 . 4  7 . 2  5 . 1  6 . 3  6 . 6  6 . 3  7 . 0  6 . 4  
Mcyte x 109 /9.. 0 . 5  1 . 0 0 . 7  0 . 1 0 . 7  0 . 6  0 . 4  0 . 9  1 . 2  0 . 2  0 . 7  0 . 4  o . s  0 . 3  o . s  1 . 2  0 . 4  0 . 2  
Eosin x 109 /9.. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Bas x 109 /9.. 0 0 . 1 0 0 . 1 0 . 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Retic % <1  < 1  < 1  < 1  <1  <1  <1  <1 <1 < 1 < 1 < 1 < 1 <1 < 1  < 1 < 1 < 1  

Blood Biochemistri 
GGT IU/ 9.. 948 684 601  SOS 4 4 1  391  356 J28 269 297 257 236 224 201 146 146 1 38 1 1 1  
AAT IU/.2. 24 4 1  38 39 30 25 23  23  20  19  25 20 26 30 22 32 27 23  
AP IU/  .2. 503 563 645 459 456 492 570 499 5 10 499 622 5 1 8  553 650 574 587 485 580 
BUN mmol/.2. 7 . 1  5 . 4  5 . 4  7 . 1 5 . 4  5 . 4  6 . 2  5 . 4  7 . 1 7 . 1 5 . 4  6 . 2  5 . 4  6 . 2  5 . 4  6 . 2  5 . 4  6 . 2  

Tot . Bil llmol/9.. 4 . 2  4 . 2  6 . 3  4 . 2  4 'J 2 . 1  2 . 1 6 . 3  2 . 1  4 . 2  2 . 1  2 . 1  4 . 2  2 . 1  1 . 05 2 . 1  4 . 2  2 . 1  
Conj . Bil llmol/9.. 0 0 0 0 0 0 0 0 0 0 0 0 1 . 05 0 0 0 1 . 05 0 
'l'P g/.2. 78 78 74 60 80 70 70 74  66 66 68 68 66 62 60 66 66 66 
Fib g/9.. 6 6 8 4 4 2 4 6 6 4 2 6 4 4 4 6 2 4 
Albumin g/'J. 24 . 9  28 . 6  2 7 . 8  30 . 8  32 . 8  30. 7 2 7 . 2  28 . 5  2 8 . 0  2 7 . 0  29 . 1  2 8 . 4  2 9 . 1 2 7 . 0  26 . 5  31 . 4  33 . 9  35 . 2  
a glob g/'J. 6 . 7  5 . 3  5 . 7  5 . 0  7 . 8  5 . 3  6 . 8  7 . 1 5 . 0  6 . 5  6 . 5  5 . 8  6 . 5  7 . 5  6 . 6  6 . 4  6 . 5  4 . 3  
a glob g/9.. 1 3 . 3  1 4 . 1 1 2 . 6  l.O .  8 1 4 . 1  1 2 . 0  1 3 . 6  1 2 . 3  1 1 . 2  1 2 . 0  1 3 . 7 10 . 7  1 1 . 7  1 0 . 3  1 1 . 0 1 1 . 1  1 2 . 4  1 1 . 0  
y glob g/.2. 27 . 1  24 . 0  1 9 . 9  1 9 . 4  2 1 . 4  2a . o  1 8 . 5  1 8 . 2  1 5 . 9  1 6 . 6  16 . 7  1 7 . 1  1 4 . 8  1 3 . 2  1 1 . 9  1 1 . 1  1 1 . 2 1 1 . 5  

Le£toseire detection. 
Leptospiraemia (dfm) Plasma not examined for Leptospires by dfm 
Leptosp1.raemia (culture) Plasma not cultured 
MAT (pomona ) -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve 
Leptospiruria (dfm) Urine not examined for Leptospires by dfm 

Urinanalysis 
SG 1 . 005 1 . 0 1 0  1 . 005 1 . 0 1 0  1 . 0 10  1 . 005 1 . 00 1  1 . 020 1 . 008 1 . 0 1 0  1 . 006 1 . 005 1 . 0 1 1  1 . 0 1 0  1 . 009 1 . 006 1 . 009 1 . 009 
pH 5 6 7 7 6 7 5 . J . 6 .  5 .  5 . 5 . 5 .  6 6 . 6 6 6 
Prot -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve 
Blood -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve 
Bil -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ye -ye -ye -ve -ve -ve -ve 
Glucose -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve 
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Day PI -2 - 1  0 2 3 4 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  

Temp am •c  38 . 2  38 . 6  38. 5 38 . 0  38 . 4  38 . 2  38 . 1  38 . 0  38 . 5  39 . 0  39 . 0  39 . 5  38 . 8  38 . 6  38 . . 6 39 . 6  39 . 0  3 9 . 0  
Temp pm • c  ND ND 38 . 8  38 . 8  39 . 0  38 . 2  38. 9  39. 3 39 . 4  3 9 . 0  39 . 3  39 . 1  39 . 3  38 . 4  38 . 8  39 . 8  39 . 6  Euth 

Haematology 
PCV 0 . 39 0 . 38 0 . 39 0 . 36 0 . 38 0 . 3 1 0 . 38 0 . 37 0 . 33 0 . 30 0 . 28 0 •. 28 0 . 26 0 . 27 0 . 30 0 . 27 0 . 32 0 . 28 
Hb g/d9. 1 3 . 4  1 3 . 0  1 3 . 2  1 2 . 0  1 1 . 8  9 . R  1 1 . 8  1 1 . 4  1 0 . 4  9 . 2  8 . 4  9 . 0  8 . 0  8 . 3  9 . 0  8 . 2  9 . 8  8 . 6  
MCH.C g/d9. 34 . 4  34 . 2  33 . 8  33. 3 31 . 1  31 . 6  31 . 1  30 . 8  3 1 . 5  30 . 7  30 . 0  32 . 1  30 . 8  30 . 7  30 . 0  30 . 4  30 . 6  30 . 7  
II 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
WBC x 1 09 /.!. 7 . 2  8 . 3  9 . 2  10 . 0  9 . 6  7 . 2  1 0 . 0  5 . 6  1 1 . 6 1 1 . 8  9 . 8  7 . 0  8 . 6  1 0 . 8  8 . 9  8 . 8  9 . 9  1 2 . 9  
PMN X 109 /.!. 2 . 5  3 . 5  4 . 2  4 . 3  2 . 4  1 . 4  3 . 0  1 . 8  3 . 8  4 . 5  3 . 9  2 . 5  2 . 5  4 . 8  1 . 1  1 . 8  2'

. 8 6 . 1  
IMM x 1 09 /9.  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Lcyte x 109 /9. 4 . 5  4 . 6  4 . 6  5 . 5  6 . 7  5 . 5  5 . 7  3 . 0  7 . 2  7 . 1  5 . 3  4 . 2  5 . 6  5 . 2  6 . 9  6 . 4  6 . 6  6 . 7  
Mcyte x 1 09 /9., 0 . 2  0 . 2  0 . 4  0 . 2  0 . 4  0 . 2  0 . 9  0 . 6  0 . 6  0 . 1 0 . 6  0 . 3  0 . 5  0 . 8  0 . 8  0 . 4  0 . 3  0 . 1  
Eosin x 1 09 /t 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 2  0 . 2  0 
Bas x 109 /9.  0 0 . 1 0 0 0 . 1 0 . 1 0 . 4  0 0 0 . 1 0 0 0 0 . 1 0 . 1 0 0 0 
Ret ic % < 1  < 1  < 1  < 1  < 1  < 1  < 1  < 1  < 1  < 1  < 1  < 1  < 1  < 1  < 1  < 1  < 1  < 1  

Blood Biochemistry 
GGT IU/9. 476 283 255 2 1 2  188 1 65 162  1 56 1 25 1 10 104 92 78  76  68 57 47 45 
AAT IU/R. 3 1  39 28 36 30 33 30 27 2 1  20 28 23 23 29 32 33 38 38 
AP IU/ R. 374 428 382 344 362 333 358 254 292 3 1 8  392 373 4 36 483 488 490 564 509 
BUN mmol/R. 4 . 5  5 . 4  4 . 5  7 . 1  7 .  1 5 . 4  5 . 4  5 . 4  6 ·l . �  6 . 2  5 . 4  5 . 4  5 . 4  5 . 4  5 . 4  5 . 4  6 . 2  5 . 4  

Tot .  Bil 11mol/R. 4 . 2  4 . 2  6 . 3  4 . 2  4 . 2  4 . 2  8 . 4  0 . 2  2 . 1 4 . 2  3 . 3  3 . 3  2 . 1  3 . 3  2 . 1  4 . 2  4 . 2  4 . 2  
Conj . Bil vmol/R. 2 . 1  1 . 05 0 0 0 0 2 . 1 0 0 0 1 . 05 1 . 05 0 0 0 1 . 05 1 . 05 1 . 05 
TP g/9. 66 60 60 74 62 80 62  64  60 62 60 60 56 56 60 56 58 56 
Fib g/R. 4 6 4 4 2 6 2 6 6 6 4 6 4 2 4 6 2 6 
Albumin g/9. 26 . 9  22 . 6  24 . 5  3 1 . 6  28. 0 34 . 2  27 . 1  25 . 2  26 . 7  27 . 7  26 . 5  25 . 0  26 . 5  27 . 7  28 . 3  26 . 8  30 . 6  28 . 6  
c:x glob g/9. 7 . 1  '• · 8  7 . 5  8 . 3  7 . 3  8 . 0  8 . 2  7 . 7  7 .  1 7 . 2  6 . 6  7 . 7  6 . 7  7 . 5  8 . 1  7 . 0  7 . 1 4 . 7  
fl glob g/9. 1 3 . 7 10 .' 4  1 1 . 3  1 6 . 0  1 3 . 1 1 5 . 0  1 3 . 3  1 0 . 0  10 . 6  1 2 . 2  1 4 . 1  1 3 . 0  1 1 . 6  1 0 . 9  1 3 . 1 1 0 . 3  1 2 . 0  1 1 . 6 
·f glob g/R. 1 4 . 3  1 6 . 3  1 2 . 7  . 1 4 . 0  1 1 . 6  1 3 . 8  1 1 . 5  1 l . 1 9 . 6  8 . 9  8 . 9  8 . 3  7 . 2  8 . 0  6 . 7  6 . 0  6 . 3 5 . 2  

Le]2tOSJ2ire detection 
I .  Lep tospiraemia (dfm) Plasma not examined for Leptospires by dfm 

Lep tospiraemia (culture) Plasma not cultured 
MAT (pomona) -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve 
Lep tospiruria (dfm) Urine not examined for Leptospircs by dfm 

Urinanalysis 
SG 1 . 004 1 . 002 1 . 002 1 . 00 1  1 . 005 1 . 001 1 . 001 1 . 0 1 1  1 . 005 1 . 006 1 . 001 1 . 004 1 . 004 1 . 005 1 . 006 1 . 0 1 1  1 . 009 1 . 005 
pH 5 6 7 8 5 5 7 5 7 5 . 5 5 5 6 5 . 6 6 6 
Prot -ve -ve -ve -ve -ve -ve -ve ·· -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve 
B lood .;.ye -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -v e -ve -ve -ve 
Bil -ve -ve -ve -ve -ve -ve -ve -ve ··ve -ve -ve -ve -ve -ve -ve -ve -ve -ve 
Glucose -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve 



APPENDIX XXV :  Clinical pathological data from the bled calf 20 

Day PI -2 - 1  0 2 3 4 5 6 7 8 9 1 0* 1 1  1 2  

Temp am °C 38 . 0  38 . 0  38 . 2  38 . 0  38 . 0  38 . 0  38 . 0  37 . 5  37 . 6  37 . 8  38 . 4  38 . 5  3 9 . 0  38 . 1  38 . 3 .  
Temp pm ° C ND ND 38 . 8  38 . 4  38 . 0  38 . 5  38. 7 3 9 . 0  38 . 8  39 . 2  3 9 . 0  38 . 8  39 . 3  39 . 6  Euth 

Haematolog:):: 
PCV 0 . 33 0 . 34 o .  32 0 . 33 (1 . 34 0 . 32 0 . 32 0 . 35 0 . 3 1 0 . 3 1 0 . 30 0 . 29 0 . 28 0 . 1 8  0 . 22 
Hb g/dR. 1 1 . 0  1 1 . 0  1 0 . 2  1 0 . 3 10 . 5  1 0 . 8  9 . 7  1 1 . 0  9 . 4  1 0 . 0  9 . 0  8 . 7  8 . 4  5 . 8  6 . 8  
MCHG g/dR. 33 . 3  32 . 4  3 1 . 9  31 . 2  30 . 9  33 . 8  30 . 3  3 1 . 4  30 . 3  32 . 3  30 . 0  30 . 0  30 . 0  32 . 2  30 . 9  
II 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
WBC x 109 /R.  9 . 0  8 . 0  1 2 . 0  1 0 . 0  1 0 . 9  1 3 . 4  1 0 . 6  6 . 8  1 1 . 9  1 1 . 7  9 . 6  9 . 4  7 . 9  7 . 9  9 . 6  
PMN x 109 /R. 3 . 3  2 . 5 4 . !1  4 . 3  2 . 6  2 . 3  2 . 7  1 . 5  4 . 0  4 . 2  2 . 6  3 . 0  1 . 3  2 . 1 2 . 6  
IMM x 109 /R. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Lcyte 1: 109 /R. 5 . 5  5 . 4  7 . 1  5 . 5  7 . 6  9 . 8  7 . 1  5 . 0  7 . 5  6 . 7  6 . 6  5 . 8  6 . 2  4 . 9  6 . 5  
Mcy te x 109 /R. 0 . 2  0 . 1 0 . 1 0 . 2  0 . 4  1 . 2  0 . 8  0 . 3  0 . 4  0 . 8  0 . 4  0 . 5  0 . 4  0 . 7  0 . 4  
Eos in x 1 09 /i 0 0 0 0 0 0 0 0 0 0 0 . 1 0 0 0 . 1  0 
Bas x 109 / R.  0 0 0 0 0 0 . 1 0 0 0 0 0 0 . 1 0 0 , 1  0 . 2  
Retic % <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 < 1 < 1  < 1  

Blood Hiocheroist!l 
GGT IU/R. 628 437 375 332 309 267 252 238 205 1 84 1 84 184 1 5 1  1 1 3  90 
AAT IU/R. 29 66 7 1  4 1  37 33 32 25 28 27 30 29 28 26 23 
AP IU/ R. 597 7 14 572 477  530 507 501 567 4l.8 437 691  588 507 680 663 
BUN mmol/R. 7 . 1  5 . 4  5 . 4  7 . 1  5 . 4  5 . 4  6 . 2  7 . 1 5 . 4  5 . 4  5 . 4  5 . 4  5 . 4 5 . 4  4 . 5  

Tot . Bil 11mol/R. 4 . 2  6 . 3  6 . 3  6 . 3  4 . 2  4 . 2  4 . 2  2 . 1  2 . 1  2 . 1  2 . 1  2 . 1  4 . 2  2 . 1  2 . 1  
Conj . Bil j.lmol/R. 0 0 0 0 1 . 05 0 0 0 0 0 0 0 0 0 0 
TP g/i 74 7 0 68 74 74 68 70 72 66 68 66 66 66 56 62  
Fib g/9.. 8 4 4 8 2 4 4 6 6 6 4 6 4 2 4 
Albumin g/R. 25 . 5  25 . 7  24 . 3  27 . 8  29 . 2  28 . 7  2 7 . 1 27 . 9  26 . 3  2 7 . 5  2 7 . 7  26 . 8  2 7 . 7  25 . 9  26 . 6  
a glob g/R. 5 . 7  6 . 5  7 . 6  6 . 9  7 .  7 5 . 4  7 . 5  7 . 8  5 . 9  7 . 0  6 . 1  6 . 5  7 . 4  6 . 2  6 . 6  
e glob g/'1. 1 4 . 1  1 3 . 9  1 2 . 9  1 4 . 4  1 5 . 8  1 2 . 6  1 3 . 3 1 2 . 3 1 1 . 7  1 2 . 5  1 2 . 9  1 3 . 1 1 2 . 9  1 0 . 2  1 3 . 2  
y glob g/R. 20 . 7  1 9 . 9  1 9 . 3  1 7 . 0  1 ') .  3 1 7 . 3  1 7 . 9  1 8 . 2  1 6 . 1 1 4 . 9  1 5 . 4  1 3 . 7 1 4 . 1 1 1 . 8  1 1 . 7  

Le2tos2ire detection 
Leptospiraemia (dfm) Plasma not examined for Leptospiref!l by dfm 
Leptospiraemia (culture) Plasma not cultured 
MAT (pomona) -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve 
Leptospiruria (dfm) Urine not examined for Leptospires by dfm 

Ur inanallsis 
SG 1 . 004 1 . 0 1 0  1 . 092 1 . 0 1 0  1 . 005 1 . 005 1 . 00 1 1 . 0 1 0  1 . 008 1 . 006 1 . 00 1 1 . 005 1 . 004 1 . 0 1 0  1 . 009 
pH 5 6 7 7 5 7 7 5 6 5 . 5 5 .  5 . 6 . 5 . 
Prot -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve 
Blood -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve 
Bil -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve 
Glucose -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve 

* Calf bled pm 



APPENDIX XXVI : Bone marrow differentials from control and pomona infected calves 

Calf 1 8  (control) Calf 1 9  
(Bled 

(control) Calf 20 control) Calf 1 2  Calf 1 3  Calf 1 1  calf 1 6  Calf 1 5  
% Total % Series % Total % Series % Total % Series % Total % Series % Total % 3eries % Total % Series % Total % Series % Total % Series 

!-!blast 0 . 6  1 . 3  1 . 1  1 . 7  0 . 4  0 . 8  0 . 1  0 . 3  0 0 0 . 9  4 . 1 1 . 0 3 . 9  2 . 1  6 . 0  
Pgran 1 . 1  2 . 5  3 . 4  5 . 1  1 . 9  3 . 7  1 . 9 4 . 5  0 . 5  1 . 8  0 . 8  3 . 6  1 . 0 3 . 9  1 . 9  5 . 4  
m (n) 9 . 8  2 1 . 7  26 . 6  39 . 8  1 3 . 8  26 . 1  1 4 . 2  33 . 3  8 . 3  27 . 8  6 . 1  2 7 . 9  14 . 5  54 . 9  9 . 8  2 7 . 2  
m (e) 1 . 5  3 . 3  1 . 7  2 . 5  0 . 4  0 . 7  0 . 8  1 . 8  1 . 8  6 . 8  1 . 7  7 . 7  0 . 3  1 . 0 3 . 3 9 . 3  
m (b ) 0 . 2  0 . 4  0 . 6  0 . 8  0 0 0 0 0 0 0 . 1 0 . 5  0 0 0 0 
mm (n) 4 . 6  10 . 2  6 . 8  1 0 . 2  4 . 9  9 . 2  5 . 9  1 3 . 7 3 . 8  1 2 . 6  2 . 9  1 3 . 5  2 . 3  8 . 8  1 1 . 4  32 . 2  
mm (e) 1 . 1  2 . 5  1 . 1  1 . 7  0 . 8  1 . 5  0 . 4  0 . 9  0 . 7  2 . 4  0 . 6  2 . 7  0 0 0 . 6  1 . 6 
band (n) 1 1 . 8  26 . 2  1 0 . 2 1 5 . 3  1 3 . 2 2 5 . 0  9 . 5  22 . 3  10 . 4  34 . 9  6 . 5  29 . 7  2 . 8  10 . 8  5 . 4  1 5 . 3  
band (e) ! . 1 2 . 5  1 . 1  1 . 7  0 0 0 . 3  0 . 6  0 . 5  1 . 8  0 . 5  2 . 3  0 . 5  2 . 0  0 . '3  0 . 8  
PMN 1 3 . 1 29 . 1 1 3 . 0  1 9. 5  1 6 . 9  32 . 3  9 . 3  21 . 7  3 . 2  1 0 . 8  1 . 5  6 . 8  3 . 9  1 4 . 7  0 . 7  1 . 9  
Eosin 0 0 0 0 0 . 4  0 . 7  0 . 1 0 . 3  0 . 4  1 . 2  0 0 0 0 0 0 
Bas 0 0 0 0 0 . 2  0 . 4  0 . 1  0 . 3  0 0 0 . 2  0 . 9  0 0 0 . 1  0 . 3  
Mitoses 0 . 2  0 . 4  1 . 1  1 . 7  0 0 0 . 1 0 . 3  0 . 2  0 . 6  0 . 1 0 . 5  0 0 0 0 
Total 44 . 9% 1 00% 66 . 7% 100% 52 . 9% 1 00% 4 2 . 7% 100% 29 . 9% 100% 2 1 . 7% 100% 26 . 4% 1 00% 35 . 5% 1 00% 

Eblast 0 . 2  0 . 4  0 0 0 . 2  0 . 5  0 . 1 0 . 3  0 . 2  0 . 3  0 0 0 . 8  1 . 1  0 . 5  0 . 8  
E .  norm·- 2 . 8  5 . 6  1 . 7  7 . 7  1 . 4  3 . 4  1 . 1  2 . 3  1 . 4  2 . 2  2 . 5  3 . 5  5 . 4  7 . 9  1 . 5  2 . 4  
Norm 1 7 . 7  35 . 7  1 0 . 2  46 . 2  1 6 . 7  4 1 . 5  1 8 . 2  35 . 9  24 . 8  37 . 1  30 . 4  4 1 . 6  24 . 4  35 . 5  26 . 2  42 . 6  
L .  norm 28 . 9  58 . 4  9 . 6  4 3 . 6  20 . 8  5 1 . 7  31 . 2  6 1 . 6  40 . 1  59 . 9  39 . 9  54 . 5  38 . 1  55 . 5  32 . 5  52 . 8  
Mitoses 0 . 2  0 . 4  0 . 6  2 . 6  1 . 2  2 . 9  0 0 0 . 4  0 . 5  0 . 3  0 . 4  0 0 0 . 9  1 . 4 
Total 49 . 5% 1 00% 2 2 . 0% 100% 40 . 3% 1 00% 50 . 6% 1 00% 66 . 9% lOO�; 73 . 1 %  1 00% 68 . 7% 100% 6 1 . 6% 1 00% 

P l . cell 0 0 0 0 0 0 0 0 
Lcyte 1 . 1  4 . 0  2 . 5  2 . 7  0 . 7  3 . 6  1 . 6  0 . 6  
Mcyte 0 c 0 0 . 2  0 . 5  0 0 0 0 . 4  
Mega 0 . 4  0 . 6  0 . 2 0 . 1 0 . 4  0 . 2  0 . 3  0 . 1 
Re tic 2 . 9  2 . 3  2 . 3  1 . 3  1 . 4  0 . 4  1 . 0 0 . 5  
Unclass 0 2 . 3  1 . 2  1 . 0 0 0 . 2  0 0 . 6  
Disint 1 . 1  2 . .3 0 . 4  1 . 0 0 . 7  0 . 8  2 . 1  0 . 8  

100% 1 00% 100% 1 00% 1 00% 100% 1 00% 100% 

M : E  Ratio 0 . 9  3 . 0  1 . 3  0 . 8  0 . 4  0 . 3  0 . 4  0 . 6  



APPENDIX XXVII: Haematological and urinary results from untreated control heifers 

a) Untreated control heifer: nurnber 1 9  

Day P . I .  0 2 3 4 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 6  

Temp . • c  39 . 2  38 . 5  38 . 6  38 . 3  38 . 3  33 . 3  38 . 4  38 . 2  38 . 3  38 . 4  38 . 0  38 . 0  38 . 6  38 . 5  38 . 8  38 . 5  
PCV 0 . 36 0 . 35 0 . 36 0 . 36 0 . 35 0 . 34 0 . 36 0 . 34 0 .  34 o .  34 0 . 34 0 . 36 0 . 33 0 . 32 0 . 32 0 . 32 
Hb g/dR. 1 2 . 0  1 1 . 8 ND ND 1 0 . 8 1 1 . 0  ND 1 1 . 4  ND ND 1 0 . 8 ND ND 1 0 . 2  ND 10 . 4  
MCHC g/dR. 33 . 3  33. 7 ND ND · 30.  9 32 . 4  ND 3 3 . 5  ND ND 3 1 . 8  N:> ND 3 1 . 9  ND 32 . 5  
II 5 5 5 5 5 5 5 5 5 5 7 . 5  7 . 5  7 . 5  5 7 . 5  5 
TP g/R.  66 66 66 62 64 66 66 66 76  64  68  70 64 66 66 66 
WBC x 10 9 / R.  7 . 0  8 . 0  6 . 3  8 . 4  7 . 7  7 . 6  7 . 7  7 . 5  6 . 7  6 . 7  6 . 2  5 . 8  6 . 7  7 . 3  7 . 1  6 . 6  
Urinary pH 7 . 0  8 . 0  8 . 5  8 . 0  8 . 0  7 . 5  8 . 0  7 . 5  8 . 5  9 . 0  9 . 0  8 . 0  8 . 0  7 . 5  8 . 0  8 . 5  
Urinary SG 1 . 031  1 . 03 1  1 . 038 1 . 042 1 . 04 1  1 . 03 1  1 . 042  1 . 03 1  1 . 007 1 . 030 1 . 029 1 . 036 1 . 037 1 . 037 1 . 038 1 . 025 

b) Untreated control heifer: number 67 

Temp . • c 38 . 9  38 . 5  39 . 1  38 . 7  38 . 9  38 . 8  38 . 2  38 . 6  38 . 0  38 . 7  3 9 . 0  37 . 8  3 9 . 0  38 . 9  38 . 7  38 . 4  
PCV 0 . 35 0 . 34 0 . 35 0 . 33 0 . 33 0 . 35 0 . 33 0 . 32 0 . 36 0 . 36 0 . 33 0 . 35 0 . 34 0 . 3 1  0 . 35 0 . 33 
Hb g/dR. 1 1 . 6  1 0 . 6  ND ND 1 0 . 6  1 0 . 6  ND 1 0 . 4  ND ND 1 0 . 0  ND ND 9 . 4  ND 1 0 . 0  
MCHC g/dR. 33 . 1  31 . 2  ND ND 32 . 1  30 . 3  ND 32 . 5  ND ND 30. 3 ND ND 30 . 3  ND 30 . 3  
I I  5 5 5 5 7 . 5  5 5 5 7 . 5  5 5 5 5 5 5 5 
TP g/R.  70  66  66 62 66 62 62 86 66 72 66 70 66 66 75 64 
WBC x 10 9 / R.  4 . 2  8 . 3  4 . 7  8 . 6  7 . 6  8 . 8  6 . 1  6 . 7  7 . 8  8 . 2  7 . 7  7 . 8  9 . 9  7 . 8  7 . 8  7 . 7  
Urinary pH 8 . 0  9 . 0  8 . 0  8 . 0  8 . 0  8 . 0  8 . 0  8 . 0  8 . 5  9 . 0  8 . 5  9 . 0  8 . 5  7 . 0  8 . 5  7 . 0  
Urinary S G  1 . 023 1 . 023 1 . 039 1 .  031  1 . 030 1 . 023 1 . 04 3  1 . 032 1 . 037 1 . 038 1 . 02 1  1 . 023 1 . 026 1 . 028 1 . 03 1  1 . 025 

MAT ' s  from both heifers remained negative 
ND : Not done 
Urine was negative for protein , b lood , bilirubin and glucose on all days 



APPENDIX XXVIII:  Haematological and urinary results from negative control heifers 

a) Heifer inoculated with non-4.nfected media Number 44 

Day P . I .  0 2 3 4 5 6 7 8 9 1 0  1 1  1 2  1 4 . 1 6  

Temp • c  38 . 7  38 . 2  39 . 2  39 . 2  38 . 8  3 9 . 0  38 . 9  38 . 9  38 . 4  39 . 2  38 . 8  38 . 1  38 . 5  38 . 7  38 . 8  
PCV 0 . 38 0 . 37 0 . 40 0 . 37 0 . 34 0 . 35 0 . 34 0 . 38 0 . 35 0 . 34 0 . 33 0 . 35 0 . 32 0 . 3 1 0 . 32 
Hb g/dR. 1 2 . 4  1 2 . 0  ND ND 1 0 . 6 1 1 . 0  ND 1 1 . 6  ND ND 1 1 . 0  ND ND ND 1 0 . 2  
MCHC g/dR. 32 . 6  32 . 4  ND ND 3 1 . 2  3 1 . 4  ND 30 . 5  ND ND 3 3 . 3  ND ND ND 3 1 . 9  
II 5 5 5 5 5 5 5 7 . 5  5 7 . 5  1 0  1 0  1 0  7 . 5  7 . 5  
TP g/R. 7 2  7 0  70 70 66 70 70 82 72 72 7 2  70 66 68 72 
WBC x 109 /9., 8 . 9  1 1 . 5  6 . 8  9 . 6  7 . 5  7 . 2  6 . 7  9 . 3 8 . 2  7 . 5  7 . 7!  8 . 4  8 . 7  7 . 7  6 . 8  
Urinary pH 9 . 0  9 . 0  9 . 0  ND 8 . 5  9 . 0  ND 9 . 0  8 . 5  9 . 0  'Z . 5  8 . 5  8 . 5  8 . 5  8 . 5  
Urinary SG 1 . 0 7 7  1 . 0 7 7  1 . 04 3  ND 1 .  037 1 . 040 ND 1 . 028 1 . 0 1 6  1 . 035 1 . 048 1 . 029 1 . 022 1 . 03 2  1 . 036 

b) Heifer inoculated with non-infected liver and kidney homogenate Number 6 1  

Temp . • c  38 . 8  38 . 8  38 . 9  3 9 . 1 38 . 6  38 . 7  38 . 3  3 8 . 1 38 . 5  38 . 2  38 . 7  38 . 6  38 . 6  3 8 . 8  38 . 8  
PCV 0 . 35 0 . 34 0 . 36 0 . 34 0 . 36 0 . 33 0 . 32 0 . 3 1 0 . 33 0 . 30 0 . 3 1  0 . 34 0 . 32 0 . 32 0 . 30 
Hb g/dR. 1 1 . 8  1 1 . 4  ND ND 1 2 . 0  1 0 . 2  ND 1 0 . 0  ND ND 9 . 8  ND ND ND 1 0 . 0  
MCHC g/dR. 33 . 7  33 . 5  ND ND 3 3 . 3 30 . 9  ND 32 . 3  ND ND 3 1 . 6  ND ND ND 33 . 3  
II 10 7 . 5  5 7 . 5  10 10 10 10 1 5  1 5  5 1 0  10 5 1 0  • ' TP g /9.. 72 70 7 0  66 66 70 66 70 72 70 70 74 74 82 76 
WBC x 109 / 9.. 6 . 8  9 . 5  9 . 0  9 . 8  1 1 . 1  1 0 . 7 9 . 0  6 . 5  1 1 . 8  9 . i  8 . 2  8 . 3  1 0 . 9 9 . 8  9 . 9  
Urinary pH 8 . 0  8 . 0  7 . 0  9 . 0  9 . 0  8 . 0  8 . 8  8 . 0  8 . 0  9 . 0  8 . 5  7 . 5  8 . 0  9 . 0  8 . 0  
Urinary SG 1 . 025 1 . 025 1 . 033 1 . 025 1 . 028 1 . 0 1 5  1 . 026 1 . 020 1 . 00 3  1 . 030 1 . 026 1 . 027 1 . 026 1 . 02 3  1 . 0 2 1  

MAT ' s from both heifers remained negative 
ND : Not done 
Urine was negative for protein, blood , bilirubin , and glucose on all days 



) 

APPENDIX XXIX: Haematological and urinary results from heifers infected using balcan.ica infected hamster livers and kidneys 

a) Balancica infected heifer : number 1 
�-

Day P . I  0 1 2 3 4 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 6  

Temp . •c  38 . 8  38 . 7  38 . 8  38 . 8  38 . 6  38 . 4  38 . 4  38 . 9  38 . 5  38 . 5  39 . 8  37 . 8  38 . 8  38 . 5  38 . 3  38 . 6  
PCV 0 . 36 0 . 38 0 . 38 0 . 40 0 . 36 0 . 34 0 . 35 0 . 33 0 . 38 0 . 34 0 . 35 0 . 35 0 . 32 0 . 33 0 . 3 1 0 . 30 
Hb g/R. 1 2 . 4  1 2 . 6  ND ND 1 1 . 2  10 . 6  ND 1 0 . 2  ND ND 1 1 . 0 ND ND 1 0 . 0  ND 9 . 0  
MCHC g/.dR. 34 . 4  33. 2 ND ND 3 1 . 1  3 1 . 2  ND 30 . 9  ND ND 31 . 4  ND ND 30 . 3  ND 30 . 0  
II 5 5 5 5 5 5 5 5 7 . 5  7 . 5  5 1 0  7 . 5  7 . 5  7 . 5  7 . 5  
TP g/R. 70 66 66 78 68 64 66 66 68 68 68 66 64 66 68 64 
WBC x 1 09 /R. 6 . 3  - 9 .  2 9 . 1 1 1 . 3  9 . 4  1 1 . 7  9 . 0  1 1 . 2  9 . 8  1 0 . 4  9 . 7  9 . 9 9 . 2  8 . 8  1 0 . 5  8 . 8  
MAT -ve - ve -ve -ve -ve -ve -ve -ve -ve -ve 1 : 24 1 : 96 1 : 384 1 : 768 1 : 768 1 : 384 
Urinary pH 9 . 0  9 . 0  8 . 0  8 . 0  8 . 5  8 . 5  8 . 0  8 . 0  8 . 0  9 . 0  8 . 0  8 . 0  9 . 0  7 . 5  8 . 5  8 . 5  
Urinary SG 1 . 030 1 . 035 1 . 039 1 . 035 1 . 028 1 . 031  1 . 028 1 . 025 1 . 037 1 . 040 1 . 0 3 1  1 . 032 1 . 033 1 . 028 1 . 033 1 . 026 

b)  Balcanica infected heifer : number 53 

Temp . •c  38 . 3  38 . 5  38 . 2  38 . 6  38 . 8  38 . 4  38 . 3  38 . 3  38 . 7  38 . 6  38 . 0  38 . 1  38 . 7  38. 3 38 . 3  38 . 6  
PCV 0 . 38 0 . 39 0 . 36 0 . 34 0 . 34 0 . 35 0 . 34 0 . 33 0 . 36 0 . 35 0 . 33 0 . 35 0 . 3 1 0 . 35 0 . 3 1 0 . 32 
Hb g/dR. 1 2 . 6  1 2 . 2  ND ND 1 0 . 6  1 1 . 0  ND 1 0 . 6  ND ND 1 0 . 6  ND ND 1 1 . 1  ND 9 . 8  
MCHC g/dR. 33. 2 3 1 . 3  ND ND 31 . 2  3 1 . 4  ND 32 . 1  ND ND .32 . 1  ND ND 3 1 . 7  ND 30 . 6  
II 5 5 5 5 5 5 5 5 5 5 5 7 . 5  5 5 7 . 5  5 
TP g/R. 72 74 74 60 66 70 68 66 72 72 72 72 68 74  68 72 
WBC x 1 09 /R. 4 . 4  8 . 3  7 . 2  8 . 4  7 . 5  7 . 9  7 . 4  7 . 4  6 . 7  6 . 3  6 . 1  6 . 0  7 . 9  6 . 4  7 . 2  7 . 2  
MAT -ve -ve -ve -ve -ve -ve -ve -ve -ve 1 : 96 1 : 192  1 : 384 1 : 768 1 : 768 1 : 7 68 1 : 384 
Urinary pH 6 . 0  6 . 5  8 . 0  8 . 0  8 . 0  8 . 0  8 . 5  8 . 0  7 . 5  8 . 5  9 . 0  8 . 0  9 . 0  8 . 0  8 . 0  8 . 0  
Urinary SG 1 . 030 1 . 039 1 . 039 1 . 048 1 . 033 1 . 036 1 . 037 1 . 01 9  1 . 020 1 . 035 1 . 024 1 . 0 33 1 . 022 1 . 028 1 . 025 1 . 028 

ND Not done 
Urine remained negative for protein, blood , bilirubin and glucose on all days 



APPENDIX XXIX: cont . Haematological and urinary results from heifers infected using balcanica :!.nfecteci livers and kidneys .  

c )  Balcanica infected heifer : number 59 

0 2 3 4 5 6 7 8 9 !0  1 1  1 2  1 3  1 4  1 6  

Temp . •c 38 . 7  38. 4  39 . 1  38 . 3  39 . 0  38 . 9  38 . 8  38 . 0  38 . 3  39 . 9  38 . 2  37 . 5  38 . 8  38 . 9  38 . 7  38 . 5  
PCV 0 . 35 0 . 36 0 . 34 o .  37 0 . 3 1 0 . 3 1  0 . 3 1 0 . 34 0 . 34 0 . 32 0 . 33 0 . 33 0 . 30 0 . 34 0 . 28 0 . 27 
Hb g/dR. 1 1 . 2  1 1 . 2  ND ND 9 . 4  9 . 8  ND 1 0 . 6  ND ND 1 0 . 6  ND ND 1 1 . 2  ND 8 . 4  
MCHC g/dR. 32 . 0  31 . 1  ND ND 30 . 3  31 . 6  ND 31 . 2  ND ND 32 . 1 ND ND 32 . 9  ND 3 1 . 1  
ll 5 5 5 5 5 5 5 5 5 7 . 5  5 5 7 . 5  5 5 5 
TP g/R. 66 64 64 70 60 60 60 62  62  64 64 66 60 62 60 60 
WBC x 1 09 /R.  8 . 3  9 . 3  7 . 7  8 . 2  8 . 3  9 . 5  1 0 . 1 9 . 3  8 . 2  10 . 5  1 0 . 7  8 . 3  8 . 9  1 0 . 9  8 . 3  85 
MAT -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve 1 : 24 1 : 96 1 : 1 92 1 : 192  1 : 384 
Urinary pH 8 . 0  8 . 5  9 . 0  8 . 5  8 . 5  9 . 0  9 . 0  8 . 0  8 . 5  9 . 0  9 . 0  9 . 0  9 . 0  8 . 5  9 . 0  8 '. 5  
Urinary SG 1 . 020 1 . 029 1 . 031  1 . 030 1 . 025 1. 023 1 . 025 1 .  030' 1 . 026 1 . 032 1 . 024 1 . 035 1 . 023 1 . 0 1 8  1 . 020 1 . 024 

d) Balcanica infected heifer : number 64 

Temp . •c 38 . 8  38 . 3  38 . 8  38 . 3  38 . 4  38 . 6  38 . 2  38 . 2  39. 2 37 . 8  38 . 4  37 . 9  38 . 5  38 . 6  38 . 6  38 . 3  
PCV 0 . 40 0 . 39 0 . 38 0 . 37 0 . 38 0 . 39 0 . 39 0 . 37 0 . 37 0 . 39 0 . 36 0 . 39 0 . 36 0 . 32 0 . 31 0 . 32 
Hb g/d9. 1 3 . 2  1 2 . 8  ND ND 1 2 . 8  1 1 . 8  ND 1 1 . 8  NO ND 10 . 8  ND ND 9 . 8  ND 9 . 6  
MCHC g/dR. 3 3 . 0  32 . 8  ND ND 3 3 . 6  30 . 3  ND 3 1 . 9  ND ND 30 . 0  ND ND 30 . 6  ND 30 . 0  
ll 15 1 0  5 5 5 10 10  1 0  10  10  5 10  1 5  1 0  10  1 5  
TP g/R. 68 72 7 2  6 0  68  66 68 70 76 70 68 70 66 68 66 66 
lffiC x 1 09 /R. - 8 . 5  6 . 6  5 . 9  8 . 2  8 . 4  9 . 3  8 . 4  9 . 6  9. 2 8 . 7  6 . 7  7 . 8  7 . 7  10 . 5  8 . 5  7 . 7  
MAT -vc -\re -ve -ve -ve -ve -ve -ve -ve -ve 1 : 24 1 : 96 1 : 192  1 : 384 1 : 768 1 : 768 
Urinary pH 8 . 0  8 . 5  8 . 0  8 . 5  8 . 0  9 . 0  8 . 0  8 . 5  7 . 5  9 . 0  9 . 0  8 . 0  8 . 0  8 . 5  8 . 5  8 . 5  
Urinary SG 1 . 020 1 . 025 1 . 038 1 . . 031  1 .  027 1 . 031  1 . 032 l .  027 1 . 003 1 . 028 1 . 026 1 . 031 1 . 026 1 . 0 1 8  1 . 031  1 . 028 

NO :  Not done 
Urine remained negative for protein, blood, bilirubin and glucose on all days 



APPENDIX XXX: Haematological and urinary result eo from heifers infected using balanica culture 

a) Balcanica infected heifer : number 27 

Day P. I .  0 2 3 4 5 6 7 8 9 1 0  1 1  1 2  1 3  . 1 4  1 6  

Terep . •c 38 . 3  37 . 5  39 . 1 40 . 8  38 . 9  38 . 8  38 . 6  38 . 2  38 . 5  38 . 7  39 . 0  38 . 6  38 . 8  30 . 0  38 . 7  38 . 6  
PCV 0 . 35 0 . 35 0 . 38 0 . 32 0 . 32 0 . 33 0 . 33 0 . 3 1 0 . 34 0 . 35 0 . 34 0 . 35 0 . 32 0 . 30 0 . 30 0 . 30 
Hb g/d'l. 1 1 . 6  1 1 . 4  ND ND 1 0 . 0  1 0 . 8  ND 1 0 . 0  ND ND 10 . 6  ND ND 9 . 4  ND 9 . 4  
MCHC g/d'l. 33 . 1  32 . 6  ND ND 3 1 . 3  32 . 7  ND 32 . 3  ND ND 31 . 2  ND ND 3 1 . 3  ND 3 1 . 3  
II 5 5 5 5 5 5 5 5 5 5 7 . 5  5 5 5 5 5 
TP g/R. 66 66 66 66 68 70 68 70 68 70  68  66  66 66 66 66 
WBC x 109 /R. 4 . 9  7 . 1 6 . 9  8 . 4  6 . 1  7 . 9  6 . 7  6 . 9  6 . 4  7 . 5  7 . 1  8 . 6  8 . 9  7 . 5  8 . 4  7 . 5  
MAT -ve -ve -ve -ve 1 : 96 1 : 384 1 : 384 1 : 768 1 . 768 1 : 768 1 : 768 1 : 1 536 1 : 1 536 1 : 1 536 1 : 1536 1 : 384 
Urinary pH ' 8 . 0  8 . 5  8 . 0  8 . 5  8 . 5  9 . 0  8 . 0  7 . 5  8 . 0  9 . 0  8 . 5  8 . 0  8 . 5  8 . 0  7 . 5  8 . 5  
Urinary SG 1 . 040 1 . 04 1  1 . 043 1 . 043 1 . 03 1  1 . 030 1 . 04 1  1 .  041  1 . 0 1 0  1 . 029 1 . 034 1 . 028 1 . 025 1 . 023 1 . 037 1 . 030 

b) Balcanica infected heifer : nurnber 39 

Temp . •c 39 . 3  38 . 1  38. 3 38 . 9  39 . 3  38 . 8  38 . 5  38 . 2  38 . 4  38 . 3  38 . 7  38 . 5  38 . 6  38 . 5  38 . 2  39 . 1  
PCV 0 . 39 0 . 36 0 . 38 0 . 38 0 . 37 0 . 39 0 . 36 0 . 37 0 . 38 0 . 34 0 . 35 0 . 37 0 . 34 0 . 30 0 . 33 0. 32 
Hb g/dR. 1 2 . 6  1 1 . 2  ND ND 1 1 . 4  1 2 . 2 ND 1 1 . 2  ND ND 1 0 . 8  ND ND 9 . 6  ND 9 . 8  
MCHC g/dR. 32 . 3  3 1 . 1  ND ND 30 . 8  31 . 3  ND 30 . 3  ND ND 30 . 9  ND ND 32 . 0  ND 30 . 6  
II 5 5 5 � 5 5 5 5 5 5 5 5 5 5 7 . 5  5 
TP g/'1.  58  60 60 54 54 62 54 62 60 56 58 60 56 56 58 60 
\•IBC X 109 /R. 9 . 9  1 1 . 0  6 . 2  9 . 8  1 0 . 5  1 1 . 1 6 . 7  7 . 6  7 . 8  7 . 9  7 . 9  8 . 0  9 . 8  9 . 6  10 . 0  9 . 4  
MAT -ve -ve -ve -ve -ve -ve 1 : 24 1 : 48 1 : 96 1 : 384 1 : 768 1 : 768 1 : 768 1 : 768 1 : 768 1 : 384 
Urinary pH 7 . 0  7 . 5  8 . 0  6 . 5  8 . 0  7 . 5  7 . 0  7 . 0  6 . 0  8 . 0  7 . 0  8 . 0  8 . 5  7 . 5 7 . 5  7 . 5  
Urinary SG 1 . 030 1 . 034 1 . 039 1 . 050 1 . 032 1 . 032 1 . 04 3  1 . 04 3  1 . 0 1 5  1 .  045 1 . 022 1 . 023 1 .  027 1 . 033 1 . 036 1 . 028 

ND : Not done 
Urine was negative for protein , blood , bili.rubin and glucose on all day s .  



APPENDIX XXX cont . :  Haematological and urinary results from heifers infected uuing balcar1ica culture 

c )  Infected heifer: number 4 1  

Day P .  I .  0 2 3 4 5 6 7 8 9 1 0  1 1  1 2  1 3 " 1 4  1 6  

Temp . • c  38 . 9  38 . 6  38 . 5  40 . 3  3 9 . 0  38 . 4  38 . 5  38 . 2  38 . 2  38 . 8  37 . 8  38 . 0  38 . 8  38 . 9  38 . 3  38 . 7  
PCV 0 . 32 0 . 34 0 . 34 0 . 3 1 0 . 30 0 . 31 0 . 32 0 . 30 0 . 32 0 . 28 0 . 29 0 . 30 0 . 29 0 . 36 0 . 28 0 . 24 
Hb g/di 1 0 . 6  1 0 . 8  ND ND 9 . 6  9 . 4  ND 9 . 2  ND ND 9 . 8  ND ND 1 1 . 0 ND 7 . 8  
}!CHC g/di 33. 1 3 1 . 8  ND ND 32 . 0  30 . 3  ND 30 . 7  ND ND 33. 8 ND ND 30 . 6  ND 32 . 5  
II 7 . 5  7 . 5  5 10  10  5 7 . 5  7 . 5  5 1 0  1 0  5 10  10  5 5 
TP g/R. 66 72 72 70 70 72 7 2  7 2  7 6  7 0  6 8  72 68 70 68 68 
WBC x 109 /R. 8 . 6  9 . 2  7 . 8  10 . 6  8 . 3  1 0 . 4  6 . 7  6 . 4  6 . 8  7 . 1  6 . 3  6 . 8  7 . 8  6 . 8  7 . 3  7 . 1  
MAT -ve -ve -ve -ve 1 : 24 1 : 96 1 : 192  1 : 384 1 : 768 1 : 768 1 : 1 5 36 1 : 1536 1 : 1536 1 : 1536 1 : 536 1 : 768 
Urinary ?H 7 . 0  7 . 0  9 . 0  8 . 5  8 . 5  9 . 0  8 . 5  8 . 0  9 . 0  8 . 5  8 . 0  7 . 5  8 . 5  8 . 5  9 . 0  8 . 0  
Urinary SG 1 . 020 1 . 026 1 . 04 3  1 . 047 1 . 028 1 . 032 1 . 03 1  1 . 025 1 . 022 1 . 035 1 . 024 1 . 028 1 . 026 1 . 027 1 . 026 1 . 022 

d)  Infected heifer:  number 62 

Temp •c 39 . 2  39 . 2  38 . 8  38 . 8  38 . 8  38 . 8  38 . 7  38 . 3  38 . 3  38 . 6  38 . 5  38 . 1  39 . 0  38 . 7  38 . 8  38 . 3  
PCV 0 . 37 0 . 35 0. 34 0 . 34 0 . 36 0 . 34 0 . 34 0 . 33 0 . 33 0 . 31 0 . 30 0 . 30 0 . 30 0 . 29 0 . 32 0 . 27 Hb g/di 1 1 . 8  1 1 . 6  ND ND 1 1 . 4  1 1 . 0  ND 1 0 . 0  ND ND 9 . 8 . ND ND 8 . 8  ND 8 . 8  
MCH C g/di 3 1 . 9  33 . 1  ND ND 31 . 7  32 . 4  ND 30 . 3  ND ND 32 . 7  ND ND 30 . 3  ND 32 . 6  
II 7 . 5  5 5 7 . 5  7 . 5  5 5 5 10  5 5 7 . 5  7 . 5  7 7 . 5  5 
TP g/R. 72 74 74 66 7 2  7 0  72 66 72 72 68 66 72 66 76 68 
WBC X 1 09 h 1 1 . 8  1 ! . 3  6 . 3  1 0 . 5  1 5 . 0  9 . 6  9 . 7  9 . 6  9 . 5  8 . 7  1 0 . 5  1 0 . 3  9 . 3  1 1 . 2  1 1 . 8  9 . 7  
}fAT -ve -ve -ve -ve -ve 1 : 24 1·: 48 1 : 1 92 1 : 384 1 : 768 1 : 768 1 : 768 1 : 768 1 : 1 5 36 1 : 768 1 : 768 
Urhary pH 8 . 0  8 . 0  8 . 0  9 . 0  8 . 5  9 . 0  8 . 0  8 . 0  ll. O  8 . 5  8 . 0  8 . 0  8 . 5  8 . 0  9 . 0  9 . 0  
Urinary SG 1 . 020 1 . 025 1 . 0 4 1  1 . 031  1. . 034 1 . 030 1 . 028 1 . 0 1 7  1 . 003 1 . 022 1 . 030 1 . 027 1 . 024 1 . 028 1 . 032 1 . 02 1 

ND : Not done 



APPENDIX XXX1 :  Results of in vitro Experiment A: Tube haemolysis of washed and unwashed RBC ' s  taken from calves soon af ter birth to 47 days of age 

Day 0 Day 6 Day 1 1  Day 1 8  Day 2 5  

Calf T 1 1 6  79000 1 Scamp MP3 T1 16  79000 1 Scamp MP3 T 1 1 6  7900 0 1  Scamp MP3 T 1 1 6  79000 1 Scamp MP3 T 1 16 7900 0 1  Scamp MP 3  

63 washed unborn 53% 80% 77% 91% 49% ND NO 35% 60% 79% 8 1 %  8L�% Died 

unwashed 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

65 washed unborn 62% ND m> 46% 79% 90% 88% 86% tube broken 

unwashed 0% 0% 0% 0% 0% 0% 

66 washed 47% 66% 5 1 %  69% 66% 7 9% 84% 86% 66% ND ND 57% 89% 89% 93% 94% 78% 69% 7 3% 74% 

unwashed 0 %  0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

67  washed unborn 98% ND ND 89% 97% 8 1 %  8 7 %  84% Died 

unwashed 0% 0% 0% 0% 0% 0% 

68 washed 83% 98% 70% 97% 6 9% 76% 83% 84 % 92% ND ND 72% 88% 84% 80% 80% 72% 59% 55% 55% 

unwa shed 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

6 9  washed unborn 46% 81% 76% 79% 57% ND ND 4 1 %  68% 93% 95% 9 1 %  46% 7 0% 74% 82% 

unwashed 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0 %  

70,1 washed unborn 77% 89% 100% 89% ND 66% 66% ND 
unwashed 0% 0% 0% 0% 0% 0% 

7 2,1 washed 57% 98% 95% 97% tube broken ND 70% 100% " NO 
unwashed 0% 0% 0% 0% 0% 0% 

73 washEd 80% 96% 97% 95% 85% 98% 100% 96% ND 94% 95% ND 78% 60% 60% 67% 

unwashed 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0 %  

76 washed 58% 88% 100% 89% SO% 79% 84% 85% ND 4 3% 64% ND Died 
um�ashed 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

7 8  washed 94% 97% 95% 98% 79% 9 1 %  100% 92% ND 8 1 %  89% ND tube broken 68% 60% 64% 57% 
un�1ashed 0% 0% .. 0% Oi:: 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

Growth 
of Dense Dense Light Light Dense Moderate Light Light Dense Modera te Dense Light Dense Dense Dense Moderate Dense Dense Moderate Dense 

organisms 

ND: Not done 

* Con taminated culture therefore not incubated with RBC ' s  
§ RBC ' s  prepared for SEM 
,I Treated with systemic antibiotics containing streptopen : incubation discont:l.nued 



APPENDIX XXXI continued : 

Day 32 Day 40 Day 4 7  MAT 

Calf T l l 6  790001  hardjo balcanica 79000 1 §  T l l 6  79000 1 Scamp *MP3 pomona hardjo 

6 3  washed haemolysis present -ve -ve 
unwashed no haemolysis present 

65 washed 47% 53% 2% 5% haemolysis present 57% 80% 55% ND -ve +ve 
unwashed 0% 0% 0% 0% no haemolysis present 0% 0% 0% 

66 washed 34% 67% 1% 4% haemolysis present 68% 59% 7 1 %  ND -ve +ve 
unwashed 0% 0% 0% 0% no haemolysis present 0% 0% 0% 

67 washed -ve -ve 
unwashed 

68 washed 65% 59% 2% 5% haemolysis present 8 1 %  83% 7 1 %  ND -ve +ve 
unwashed 0% 0 %  0% 0% no haemolysis present 0% 0% 0% 

69 washed 30% 55% 1 %  4 %  haemolysis present 44% 64% 83% ND +ve -ve 
unwashed 0% 0% 0% 0% no haemolysis present 0% 0% 0% 

70" washed -ve +ve 
unwashed 

7 2,1 washed -ve +ve 
unwashed 

73  washed .34% 68% 1 %  7 %  haemolysis present 82% 95% 93% ND ..;.ve +ve 
unwa shed 0% 0% 0% '•' 0% no haemolysis present 0% 0% 0% 

76 washed -ve +ve 
unwashed 

78 washed 54% 73% 1 %  7%  haemolysis present 9 1 %  93% 9 1 %  ND -ve +ve 

Growth 
of Dense Dense Dense Light Dense Dense Dense Moderate 

organisms 

ND :  Net done 

* Contaminated 'culture therefore not incubated with RBC ' s  
§ RBC ' s  prepared for SEM 
,, Treated with systemic antibiotics cor.taining streptopen : incubation discontin�ed 
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APPENDIX XXXII 

Hams ter 

Treatment 
PCV 
Hb (g/di) 
MCHC (g/d i) 
II 
WllC (xl0 9 /R.) 
TP 

M b last 
P gran 
m (n) 
m (e) 
m (b) 
mm (n) 
mm (e) 
band (n) 
band (e) 
PMN 
Eosin 
Bas 
Mitosis 
Total 

E blast 
E . Norm 
Norm 
L Nnrm 
Mitosis 
Total 

Pl. . cell 
L cyte 
M cyte 
Mega 
Re t ic 
Unclass 
Disin t 

M : E  

Haematological and Bone Marrow Data o f  Control and Irradiated Hamsters 

Hamsters Eutha.nased 3 days Post Irradiation 

2 3 4 5 6 7 B 

Control Control Control 600R 600R 600R BOOR BOOR 
0 . 4 7 0 . 46 0 . 49 0 . 4 7 0 . 4 7  0 . 4 5 0 . 4 9  0 . 4 7 
1 5 . 8  15 . 2  16 . 2  1 5 . 0  1 5 . 6  1 5 . 4  16 . 6  1 5 . 8  
3 3 . 6  33 . 0  3 3 . 1 3 1 . 9  33. 2  34 . 2  33. 9 33 . 6  
0 0 0 0 0 0 0 0 
14 . 6  1 1 . 6  1 4 . 4  3 . 6  3 . 1 1 . 8  1 . 3  1 . 5  
60 58 62 56 54 57 55 55 

0 0 0 0 0 . 2  0 0 0 . 2  
1 . 1  0 0 . 8  2 . 0  0 . 7  0 . 5  0 . 6  0 . 2  
27 . 3  22 . 4  1 5 . 6  B . O  1 7 . 8  20 . 1  1 7 . 6  1 7 . 9  
0 . 9  0 . 7  0 . 4  0 . 2  0 . 4  0 . 3  0 0 . 2  
0 0 0 0 0 0 0 . 3  0 
s . s  6 . 4  4 . 1  9 . 5  1 0 . 4  4 . 7  7 . 3  8 . 6  
0 . 2  0 0 0 . 2  0 . 2  0 . 3  0 0 
10 . 8  9 . 9  6 . 6  1 8 . 0  1 7 . 0  1 2 . 3  24 . 3  1 9 . 3  
0 . 5  1 . 6 1 . 0  0 . 2  0 . 2  0 0 . 6  0 . 2  
1 0 . 9  14 . 4  7 . 4  27 . 7  1 8 . 6  26 . 9  33 . 1  t,0 . 1  
0 0 . 5  0 0 . 2  0 0 0 . 3  0 
0 0 0 0 0 0 0 0 
0 . 2  0 0 0 0 0 0 0 
52 . 3% 55 . 9% 35 . 9% 65 . 9% 6 5 . 5% 6 5 . 0% 84 . 27. 86 . 9% 

0 0 0 . 2  0 . 9  0 0 0 0 
0 . 5  0 . 3  1 . 0 4 . 4  0 . 6  6 . 8  0 0 
1 6 . 2  16 . 3  24 . 4  9 . 5  1 1 . 9  1 1 . 5  1 . 2  0 . 5  
7 . 5  7 . 6  8 . 0  5 . 5  1 3 . 0  4 . 2  5 . 5  4 . 7  
0 . 3  0 0 . 4  0 . 2  0 0 0 0 
24 . 8 %  24 . 3% 34 . 07. 20 . 4% 25 . 4% 22 . 5% 6. 7% 5 . 1 % 

0 0 . 2  0 . 2  0 . 2  0 . 2  0 . 3  0 . 6  0 . 5  
1 7 . 2  1 8 . 9  2 5 . 6  9 . 7 7 . 4  10 . 7  6 . 4  5 . 6  
0 0 0 0 . 4  0 0 0 0 
0 . 3  0 . 3  0 . 4  0 . 9  0 . 2  0 . 3  0 . 3  0 . 2  
2 . 3  0 0 . 6  0 . 6  0 . 6  0 . 8  1 . 2  0 . 9  
2 . 3  0 . 3  2 . 7  1 . 3  0 . 4  0 . 5  0 . 3  0 . 7  
0 . 5  0 0 . 6  0 . 4  0 . 4  0 0 . 3  0 

2 . 1 : 1  2 . 3 : 1 1 . 1 : 1  3 . 2 : 1 2 . 6 :  1 2 .  9 :  1 1 2 . 6 : 1  1 7 :  1 

from Experiment VIII . part I 

9 1 0  1 1  1 2  1 3  

BOOR 1000R l OO OR 1 000R 1 000R 
0 . 46 0 . 48 0 . 4 1  0 . 4 3  0 . 46 
1 5 . 0  15 . 6  1 3 . 8  1 4  · '' 1 5 . 4  
32 . 6  32 . 5  33 . 7  3 3 . 5  33 . 5  
0 0 0 0 0 
1 . 5  1 . 4  0 . 7  1 . 1  1 . 0  
54 62  54  58 58 

0 . 8  0 0 0 0 
2 . 1  0 0 0 0 
1 2 . 6  38 . 7  2 8 . 7 3 1 . 3  3 1 . 0  
1 . 3  0 0 0 1 . 0 
0 . 5  0 0 0 0 
4 . 4  8 . 6  4 . 1  4 . 2  2 . 0  
0 0 0 0 0 
1 2 . 6  1 0 . 2  8 . 2  9 . 4  9 . 0  
0 . 3  1 . 1  0 0 . 5  0 
56 . 7  29 . 6  4 6 . 2  4 3 . 8  48 . 0  
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
9 1 . 2% 28 . 2% 8 7 . 0% 89 . 1 % B2 . 0% 

0 0 0 0 0 
0 . 5  0 0 0 0 
1 . 6  0 0 0 0 
2 . 8  1 . 6  4 . 1  0 . 5  1 . 0  
0 0 0 0 0 
4 . 9% 1 . 67. 4 . 1 % 0 . 5% 1 . 0% 

0 0 0 0 1 . 0  
3 . 1 1 . 1  4 . 7  5 . 8  6 . 0  
0 0 0 0 0 
0 . 3  0 . 5  0 . 6  0 . 5  0 
0 . 5  2 . 2  0 . 6  1 . 6 4 . 0  
0 3 . 2  2 . 3  2 . 1 3. 0 
0 3 . 2  0 . 6  0 . 5  3. 0 

1 8 . 6 : 1  55 : 1  2 1 : 1  1 7 1 ; 1  82 : 1  



APPENDIX XXXII continued 

Hamsters Euthanased 7 days Post Irradiation 

Hamster 2 3 4 5 6 7 8 9 1 0  1 1  1 2  1 3  

Treatme-nt Control Control Control 600R 600R 600R BOOR BOOR BOOR 1000R 1 000R iOOOR 1000R 
PCV 0 . 46 0 . 48 0 . 48 0 . 44 0 . 44 0 . 44 0 . 46 0 . 46 0 . 46 0 . 40 0 . 113  0 . 38 0 . 40 
Hb (g/d'l. ) 14 . 6  14 . 6  16 . 0  14 . 8  14 . 6  1 5 . 0  u • .  3 1 5 . 2  1 5 . 0  1 3 . (;  1 3 . 6  1 2 . 8  1 3 . 6  
MCHG (g/dR. ) 31 . 7  30 . 4  33 . 3 33 . 6  33. 2  34 . 1  32 . 2  33 . 0  32 . 6  33 . 5  3 1 . 6  33 . 7  34 . 0  
II 0 0 0 0 0 0 0 0 0 0 0 0 0 
WBC (x 10 9 /'1.)  7 . 6  6 . 6  1 0 . 7  2 . 5  1 . 5  1 . 3  0 . 9  1 . 2  0 . 7  0 . 6  0 . 1  0 . 2  0 . 2  
TP 54 56 62 54 52 50 56 58 56 66 56 62 58 

M blast 0 . 1 0 0 0 0 . 1  0 . 1 0 . 2  ND 0 ND 0 . 7  ND ND 
P gran 0 . 8  0 0 . 4  0 . 4  0 . 7  0 . 4  0 . 2  0 . 3  2 . 9  
m (n) 1 7 . 6  27 . 0  24 . 9  22 . 3  42 . 7  36 . 3  54 . 8  2 9 . 1 56 . 0  
m (e) 0 . 1  0 0 . 4  0 0 . 1 0 . 1 0 . 2  0 0 
m (b ) 0 0 0 0 0 0 0 , 2  0 0 . 7  
mm (n) 4 . 5  2 . 9  2 . 9  3 . 5  2 . 2  3 . 7  2 . 6  0 . 3  2 . 5  
mm (e) 0 0 0 0 . 4  0 0 . 3  0 . 2  0 . 6  0 
band (n) 8 . 9  1 0 . 7 8 . 2  8 . 2  6 . 0  6 . 6  3 . 8  1 . 8 0 
band (e) 0 . 1 0 0 . 2  1 . 0 . 0 . 6  0 . 6 0 . 3  0 0 
PMN 1 8 . 0  16 . 9  1 1 . 2  39 . 4  1 3 . 9  1 3 . 2  1 3 . 3 1 1 . 4 0 . 4  
Eosin 0 0 0 0 0 0 . 6  0 0 0 
Bas 0 0 0 0 0 0 0 0 0 
Mitosis 0 0 0 0 0 0 0 0 0 
Total 50 . 2% 57 . 5% 48 . 1 % 80 . 2% 66 . 4 %  6 6 . 9% 75 . 6% 4 3 . 8% 64 . 7% 

E blast 0 0 . 2  0 0 . 2  0 0 0 0 1 . 8  
E .Norm 1 . 4 0 . 6  0 . 8  1 . 2  0 . 3  2 . 1  0 . 5  5 . 1  8 . 0  
Norm 1 3 . 7 1 3 . 0  1 8 . 4  1 . 4 6 . 7  1 1 . 3  7 . 5  9 . 0  2 . 9  
L .  Norm 9 . 1 3 . 1  4 . 5  2 . 4  1 . 8  5 . 1  5 . 8  2 8 . 8  5 . 5  
Mi tosis 0 . 3  0 0 . 2  0 0 0 0 0 0 
Total 24 . 4 %  16 . 9% 23 . 9% 5 . 3% 8 . 8% 18 . 5% 1 3 . 8% 42 . 9% 1 8 . 2% 

Pl . cell 0 0 0 0 . 6  0 . 1 0 . 3  0 0 0 
1 cyte 2 3 . 0  2 3 . 4  26 . 0  7 . 8  1 7 . 7 1 2 . 3  9 . 4  8 . 7  5 . 1 
M cyte 0 0 0 . 4  0 . 2  0 . 1 0 0 0 . 3  0 . 4  
Nega 0 . 4  0 . 2  0 . 4  0 . 2  0 . 1 0 0 0 0 
Re tic 1 . 1  0 . 6  0 . 4  3 . 3  3 . 9  1 . 1  0 . 7  2 . 4  8 . 4  
One lass 0 . 9  1 . 0 0 . 4  1 . 8  1 . 9 0 . 7  0 . 5  0 . 6  2 . 6  
Disint 0 0 . 2  0 . 4  0 . 6  0 . 9  0 . 3  0 0 . 4  0 . 7  

M : E  2 . 1 : 1  3 . 4 : 1 2 . 0 : 1 1 5 . 1 : 1 7 . 6 : 1  3 . 7 : 1  5 . 5 : 1 ND 1 . 1  ND 3 . 6 : 1  ND ND 

ND :  Not done 



APPENDIX XXXIII Summary of clinical and pathological data from Experiment VIII , part II.  

Pathological Lesions of the Organs 

Hamsters Day of Number Range of Range of Haemoglobin- Carcase Haemoglobin- Spleen Liver Kidney 
death found PCV II aemia appearance uria 

dead 

C l-C6 5 0 0 . 42-0 . 52 0 None Normal None Normal Normal Normal 

C7 1 1  0 0 . 4 7  0 None Normal None Normal Normal Normal 

Cf.l-C 1 2  1 4  0 0 . 45-0 , 5 1  0 None Normal None Normal Normal Normal 

Irrl 3-Irr 1 8  5 0 0 . 35··0 . 4 3  0 Ne ne Pale None Thin , pale Slightly pale Normal 

Irr1 9-Irr24 1 1  0 0 . 29-0 . 36 0 None Pale None Thin , pale Slightly pale Normal 
emaciated 

Inf25-Inf31  6 2 0 . 1 7-0 . 25 Yellow Severe Moderate Present Red , friable Red, friable Red, friable 
to severe enlarged enlarged enlarged 
j aundice 

Inf32-Inf33 7 0 0 , 23-0 . 4 4  Yellow Severe Severe Present Red , friable Red , friable Red , friable 
slight - none j aundice - none enlarged enlarged enlarged 

normal 

Inf34-Inf35 9 2 ND ND ND Severe Present Red , friable Red, friable Red , friable 
jaundice enlarged enlarged enlarged 

Inf36-Inf37 1 0  0 0 . 26-0 . 030 Yellow Moderate Moderate Present Red , Friable Red , Friable Red , friable 
- slight - slight - none enlarged enlarged enlarged 

jaundice 

Inf 38 1 4  0 0 . 50 0 None Normal None Normal Normal Normal 

II 39-II40 5 0 o . o6!o . 23 Yellow Severe Slight Present Thin , red Red ,  friable Enlarged , friable , 
- normal - none jaundice friable slightly enlarged either pale or red , 

- none with dark red 

II4 1-II48 6 3 0 . 07�0 . 36 2Yellow 2Severe 5Slight Present Thin , re:! Red ,  Friable streaks in the 

3normal 2none jaundice- friable slightly enlarged cortex plus 

3notle red urine within 

II49-II50 7 0 . 36 0 None Pale or slight Present Thln , red Red , friable the pelvis of 

j aundice friable slightly enlarged most animals 

II51 1 0  ND ND ND Slight Present Thin , red Red , friable 
jaundice friable slightly enlarged 

II52 1 1  0 0 . 07 Yellow Severe Slight Present Thin , red Red friable 
fria lie slightly enlarged 

ND : Not done (animals found dead) 
* Those animals with PCV 1 s  0 . 2 3 and above had an II of 0 ,  and n o  signs o f  j aundice . 



APPE!iDIX XXXIV Bone Marrow Differentials of Hamsters from Experiment VIII Part II 

Hams ter Cl C2 C3 C4 CS C6 C7 ea C9 ClO Cll Cl2 IRR20 IRR21 IRR22 IRR23 IRR24 

M blast 0 . 3  0 . 1 0 . 4  0 0 . 2  0 0 . 1 0 . 5  0 0 . 1 0 0 . 1  0 0 . 2  0 . 6  0 . 5  0 . 2  
P Grarr 0 . 9  1 . 5  0 . 6  1 . 2  1 . 5  0 . 6  1 . 6  2 . 1 1 . 7  1 . 3  1 . 4 1 . 3  1 . 5  2 . 4  6 . 5  3 . 4  2 . 0  
m (m) 7 . 9  2 3 . 0  1 5 . 1  9 . 5  9 . 9  1 1 . 2  1 0 . 4  19 . 0  1 6 . 7 1 3 . 9  1 7 . 8  1 7 . 4  1 3 . 5  1 0 . 6  16 . 5  14 . 7  1 3 . 6  
m (e) 0 . 1  0 . 7  0 . 4  0 . 9  1 . 0  1 . 8  0 . 9  1 . 2  1 . 2 0 . 4  1 . 1  0 . 4  0 0 0 0 0 
m (b) 0 . 4  0 . 1  0 . 1  0 . 2  0 . 1 0 0 . 4  0 . 2  0 . 9  0 . 2  0 0 . 1 0 0 . 2  0 0 . 1  0 
mm (m) 2 .  5 . 2 . 7  1 . 9  3 . 3 3 . 8  2 . 0  2 . 5  3 . 4  3 . 7  3 . 4  3 . 1  2 . 6  1 1 . 2  9 . 3  6 . 7  s . o  3 . 1  
mm (e) 0 . 2  0 . 3  0 . 1 0 . 5  0 0 . 4  0 . 3  0 . 2  0 . 1 0 . 1 0 . 3  0 0 0 0 0 0 
band (n) 8 . 1  7 . 2  8 . 0  8 . 7  4 . 1 7 . 0  8 . 4  8 . 7  8 . 9  7 . 1  8 . 0  8 . 8  20 . 9  20 . 5  1 1 . 1  7 . 8  3 . 9  
band (e) 0 . 4  0 . 3  0 . 6  0 . 5  0 . 6  0 . 8  1 . 4  0 . 2  0 . 3  0 . 1 0 . 3  0 . 3  0 . 3  0 0 0 . 1  0 
PMN 6 . 4  9 . 8  1 2 . 2  1 5 . 1 5 . 6  1 0 . 4  1 1 . 3  14 . 6  1 5 .  1 1 5 . 8  1 9 . 3  1 2 . 0  9 . 4  1 1 . 5  1 3 . 6  6 . 3  3 . 3 
Eosin 0 . 2  0 . 5  0 . 5  0 . 8  0 . 4  0 . 6  0 . 4  0 . 7  0 . 5  0 . 1 0 . 1  0 . 3  0 0 0 0 0 
Bas 0 0 0 0 . 1 0 0 0 0 0 . 3  0 0 0 0 0 0 0 0 
Mitosis 0 . 2  0 . 1  0 . 4  0 . 4  0 . 7  0 0 0 . 2  0 . 4  0 . 1 0 . 1 0 . 1 . 0 . 3  0 . 2  0 . 3  0 0 
Total 27 . 8% 46 . 2% 40 . 2% 4 1 . 1% 27 . 4% 34 . 7% 37 . 8% 50. 8% 4 9 . 8% 4 2 . 5% 5 1 . 7% 4 3 . 8% 5 7 . 0% 54 . 9% 55 . 3% 37 . 9% 26 . 1 % 

E blast  0 . 1  0 0 . 1 0 . 1 0 . 3  0 0 0 . 2  0 0 0 0 0 0 . 4  0 . 3  0 . 4  0 . 4  
E .Norm 1 . 5  0 . 9  0 . 7  1 . 2  1 . 2  0 . 6  0 . 9  1 . 2  0 . 9  0 . 7  0 . 9  0 . 8  0 . 3  1 . 4  2 . 9  0 . 9  1 . 1  
Norm 1 6 . 9  18 . 7  1 8 . 5  1 1 . 5  1 6 . 8  18 . 9  1 6 . 2  1 5 . 8  8 . 5  1 2 . 2  1 1 . 0  1 3 . 2  8 . 4  1 3 . 8  1 1 . 1  1 7 . 6  23 . 3  
L . Norm 36 . 0  26 . 1  2 3 . 1 1 7 . 4  23. 7  24 . 1  28 . 0  1 7 . 5  1 8 . 5  1 2 . 7 1 3 . 3  1 7 . 5  1 0 . 4  1 4 . 8  1 3 . 5  2 1 . 2  23 . 8  
Mitosis 0 . 7  0 . 5  0 . 8  1 . 0  0 . 8  0 . 6  1 . 4  0 . 9  0 . 2  0 . 4  0 . 3  0 . 4  0 . 3  1 . 0 0 . 3  0 . 8  1 . 5  
Total 55 . 3% 46 . 1 % 4 3 . 2% 31 . 1% 42 . 9% 4<+ . 2% 46 . 5% 35 . 5% 28 . 2% 25 . 9% 25 . 5% 3 1 . 8% 1 9 . 3% 3 1 . 5% 28 . 2% 4 1 . 0% 50 . 1 % 

P l .  cell 0 0 0 0 . 1 0 0 0 0 0 0 0 0 0 0 0 . 1 0 0 
l cyte 1 3 . 5  6 . 7  1 4 . 5  2 7 . 0  29 . 4  20 . 7  1 3 . 2  1 1 . 3  21 . 2  3 1 . 0  22 . 8  24 . 1  8 . 9  9 . 1  1 5 . 0  20 . 7  22 . 7  
M cyte 0 . 1 0 . 1 0 0 0 . 2  0 0 0 0 0 0 0 0 0 . 2  0 0 0 
Mega 0 . 2  0 . 2  0 . 2  0 . 3  0 . 1 O . t1 0 0 . 3 0 . 2  0 . 1 0 0 . 3  0 . 5  0 . 2  0 0 . 4  0 . 2  
Re tic 1 . 2  0 . 7  0 . 6  0 . 3  0 0 1 . 0  2 . 1 0 . 5  0 . 3  0 0 7 . 6  0 0 . 3  0 0 . 4  
Unclass 1 . 0  0 0 . 5  0 . 1 0 0 0 . 3  0 0 0 . 2  0 0 0 . 5  3 . 0  0 0 0 . 1 
Disjnt 1 . 0  0 0 . 7  0 0 0 1 . 2  0 0 0 0 0 6 . 1  1 . 0 0 0 . 1  0 . 3  

M : E  Ratio 0 . 50 : 1 1 :  1 0 .  9 :  1 1 .  3 :  1 0 . 6 : 1 0 . 8 : 1  0 . 8 : 1 1 . 4 : 1 1 . 8 :  1 1 . 6 :  1 2 . 0 : 1 1 . 4 : 1  3 . 0 : 1  1 .  7 : 1  2 . 0 :  1 0 . 9 : 1  0 . 5 : 1 



Appendix XXXIV continued 

Hams ter In£ 2 7  In£28 In£29 In£30 Inf31  In£32 In£33 In£36 In£ 37 In£38 

M blast- 0 . 2  0 . 3  0 . 2  0 . 2  0 . 4  0 0 . 2  0 . 8  0 . 2  0 
P Gran 2 . 2  3 . 2  2 . 7  1 . 4 1 . 5  1 . 5  1 . 7  7 . 4  2 . 7  1 . 3  
m (m) 1 3 . 2  1 9 . 6  1 7 . 4  1 9 . 1  1 2 . 4  2 1 . 0  19 . 7  30 . 9  1 3 . 9  1 3 . 9  
m (e) 0 . 2  0 . 9  1 . 3  1 . 1  1 . 1  0 . 7  1 . 6  0 1 . 2  1 . 0  
m (b) 0 0 , 1  0 0 . 1  0 . 2  0 . 1  0 , 1 0 . 5  0 . 3  0 . 1  
mm (m) 2 . 1  5 . 2  4 . 7  4 . 7  3 . 9  5 . 5  3 . 0  6 . 0  2 . 1  3 . 3  
mm (e) 0 . 4  0 . 4  0 . 2  0 . 1 0 . 3  0 . 1 0 . 3  0 0 0 . 4  
band (n) 1 . 9  4 . 0  2 . 5  7 . 2  4 . 2  4 . 4  1 . 1  6 . 1  2 . 1  9 . 5  
band (e) 1 . 1  1 . 0 0 . 6  0 . 5  0 . 8  0 . 4  1 . 2  0 0 . 5  0 . 4  
PMN 0 . 2  1 . 4 1 . 2  1 . 6  0 . 6  2 . 1  3 . 4  26 . 7  0 . 3  1 7 . 1 
Eosin 0 . 7  0 . 5  0 . 6  0 . 7  0 . 8 0 . 6  0 . 8  0 . 9  0 . 4  0 . 1  
Bas 0 . 3  0 . 3  0 0 0 . 4  0 0 . 9  0 . 9  0 0 . 2  
Mitosis 0 . 8  1 . 1  1 . 2  0 . 8  0 . 1 0 . 9  0 . 5  1 . 1  1 . 1  0 
'fotal 2 3 . 4% 38 . 0% 32 . 6% 3 7 . 6 %  26 . 8% 37 . 2% 34 . 3% 78 . 5% 24 . 8% 4 7 . 2% 

E blast 0 . 1 0 . 4  0 0 . 1 0 0 0 . 1 0 0 0 . 1 
E . Norm 0 . 8  1 . 1  1 . 0 1 . 1  0 . 6  0 . 7  0 . 9  0 . 9  0 . 3  0 . 8  
Norm 1 1 . 4  1 3 . 9  1 2 . 8  14 . 7  1 8 . 9  1 1 . 4  4 . 8  4 . 4  4 . 0  1 1 . 6 
L. Norm 33. 1 2 2 . 0  2 5 . 0  1 6 . 0  30 . 0  1 3 . 8  32 . 4  1 . 8  39 . 6  1 3 . 4  
Mitosis 0 . 6  0 . 8  1 . 4 0 . 8  0 . 3 0 . 5  o . t. 0 1 . 3  0 
Total 46 . 0% 38 . 2% 40 . 3% 32 . 8% 49 . 8% 26 . 4% 38 . 6 %  7 . 0% 4 5 . 2% 25 . 8% 

Pl cell 0 0 0 0 0 0 0 0 0 . 2  0 
L. cyte 30 . 6  2 3 . 6  26 . 7  2 9 . 6  2 3 . 4  36 . 1  2 6 . 6  1 2 . 8  29 . 6  26 . 7  
M cyte 0 0 0 0 0 0 0 0 0 0 
Mega 0 . 1  0 . 1  0 . 4  0 . 1 0 0 . 3 0 . 2  0 . 6  0 . 1  0 . 3  
Re tic 0 0 0 0 0 0 0 1 . 1  0 0 
Unc lass 0 0 . 1 0 0 0 0 0 . 3  0 0 0 
Disint 0 0 0 0 0 0 0 0 0 0 

M : E  Ratio 0 . 5 : 1 1 :  1 0 . 8 : 1  1 .  2 : 1 0 . 5 : 1 1 . 4 :  1 0 . 9 : 1  1 1 . 2 : 1  0 . 6 : 1  1 .  8 : 1 
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