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INTRODUCTION



INTRODUCTION

Leptospirosis I s a  disease primarily of animals and 

secondarily of man caused by a group of splrochaetal orga

nisms of the genus Leptospira. It  was f irs t  recognised 

as a human disease, and since then been found to occur] In
h

dogs, cattle , sheep, swine and many species of wild lif e . 

The occurrence of this disease In cattle was firs t reco

gnised in Russia 1n 1935, (Mlchln and Azinow 1935).- The 

economic losses Incurred to livestock Industry due to this

disease are from abortion, decreased milk production and
I

death of calves and rarely adults. |

Because of the lack of specific signs for the disease 

one method of diagnosing leptospirosis is  by detection of 

antibodies In the serum of infected or convalescent animals 

A number of procedures are employed for the detection of 

leptosplral antibodies in the serum. The usual serological 

tests are Microscopic agglutination, plate and capillary 

agglutination,complement fixation, florescent antibody 

technique and passive haemagglutlnation.

The Microscopic agglutination test has been widely 

preferred and used for serodlgnosls of leptospirosis In 

most of the laboratories. Although this test 1s specific 

to  the serotype used, the procedure of the test Involves 

maintenance of large number of Hve leptosplral serotypes



which is  time consuming and offers risk of infection to 

operators. The plate and ca p illa ry  tests described by| 

Stoenner (195A) are comparatively easier to  perform than 

the Microscopic agglutination test since formalinised 

pooled leptosplral antigens are used for the tests and 

continuous maintenance of liv e  cultures is  not required. 

However the sta b ility  and sen sitivity  of these antigens 

have been questioned by several workers (Singh 1970i 

Sandhu and White 1972). The complement fixation test 

involves more complex procedures thus confining its  appli

cation only in specialised laboratories. Fluorescent [

antibody staining technique can also be employed for d ia -
ii

gnosis of leptospirosis. But i t  has been restricted to 

the generic level because the preparation of serotype 1 

conjugates is  not perfected sufficiently for defin itive  

diagnostic use. (White and R istic  1959).

The passive haemagglutination test described by bhang 

and Me comb (195*0 bas been reported to  be sensitive and 

specific to  determine the antibody level in  the hyperinmine 

sera prepared in rabbits (P a lit and sharma 1971). However 

very few reports are available on the comparative evaluatlot 

of passive haemagglutination and the standard microscopic 

agglutination te st. A detailed correlative study in  th is  

f ie ld  has not been carried out so fa r. Therefore the



the following work was undertaken to compare the sensi

t iv ity  stability and potency of passive haemagglutlnatlon 

test to the established microscopic agglutination test 

u tilis in g  rabbit hyperimmune sera as the source of antibody
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REVIEW OF LITERATURE

Incidence

Weil (1 8 86 ) was the f i r s t  to  recognise Je p to s p i- 

ra l jaundice on the  basis of c l in ic a l  f in d in g s . The 

term "W e il's  disease" was f i r s t  used by Glodschmidt 

(1887) to  designate the form of in fe c tio u s  jaundice 

described by W e il. Since then W e il 's  disease was re

ported from many p a rts  of the world (Jaeger 1892s 

Chowdry 19031s Cockayne 1932s and Boggs 1915)*

Le p tosp irosis  as a disease o f c a tt le  was f i r s t  

recognised in  Russia by Michin and Azinow (1935)* Ju n - 

gherr (19A4) reported the  death of three cows due to  

le p to s p iro s is  and he a lso  expressed that c a t t le ,  dogs 

and rodents should be included in  the concept of con

tagious cycle  of le p to s p iro s is  in  UoS.A. Stuard (19^9) 

showed that fo u rty  per cent of the Glasgow house dogs ha\ 

been infected w ith  L . ca nico la . There are a lso  reports 

of le p to s p iro s is  among domestic and w ild  animals from 

va rio u s  pa rts  of th e  world (Keast et a K  1963s Michna 

1967* Watson et al .1976; Sa lt and L i t t l e  (1977) C o rrig a ll 

1978 and Davindonj H iggins et a K  1980).

Inada et a K  (1916) were the f i r s t  to  demonstrate 

these organisms in  the l iv e r  tis s u e  o f a guineapig which 

had been infected w ith  blood from a p atient s u ffe rin g  

from Wei 1' s di sease.



Based on serological survey, various workers have 

shown that leptospirosis  1s prevalent among sheep, goat, 

c a tt le , horses and dogs In d iffe re n t parts of In d ia .

Ayyar (1932) reported an outbreak of leptosplral jaundice 

among Madras hounds. The animals were suffering from 

anorexia, discharge from n o s tr ils , c o n ju n c tiv it is , passing 

faeces w ith  blood and sudden death. The outbreak was cau

sed by L . lcterohaemorrhaolae and th is  forms the f i r s t  

record of leptospiro sis In In d ia . During an investigation  

Adlnarayanan e t.a l (1960) found that leptospirosis due to  

serotypes L . selroe. L .medanensis and L .saxkoebing was res

ponsible fo r a disease condition among c a ttle  population
i

in  Uttar Pradesh. But they could not Iso la te  the organisms

as the animals were treated w ith  arsenlcals and a n tib io tic s .-
However, Das and Ghose (1961) observed an unusual disease 

among c a ttle  population in  West Bengal, lo c a lly  known as 

yellow disease. The c lin ic a l symptoms and other findings 

were suggestive of le p to sp iro sis .

Pargaonker (1957) detected leptosplral Infection in  

10.6% of the rats from the c it y  of Hyderabad. He coulcl 

demonstrate the organisms 1n kidney by d ire c t smear exami

nation stained with Fontana's method or sections stained 

w ith L a v a d itl's  techniques. j

The presence of leptosplral infe ction  among sheep 

and goats in  Andhra Pradesh was reported by Pargaonker (1964



He found that out of f i f t y  serum samples from sheep and 

goats w ith h istory of abortions examined, seventeen had 

antibodies to  serotypes of L .pomona. L .hyos and L .hebdomadis 

groups w ith  serum t it r e s  ranging from 300 to  10 , 000* 1

Pal i t  and Sharma (1971) collected a to ta l of 283 seru 

samples from d ifferent species of animals from d iffe re n t par 

of India and screened fo r antibodies to  L .pomona. L .hebdomad 

L .autumnalis. L . icterohaemorrhaoiae. L .canicola and L .poi*

They could observe a s ig n if ic a n tly  high t i t r e  for L .pomona 

w ith  buffaloe sera ( 1<!000  to  1s3000) by the microscopic 

agglutination  te s t . ''

Trip a th y  (1977) observed the presence of leptosplral 

a gglu tin in s  in  c a tt le , sheep and goats. About kk .37% , 17.5* 

and 50% respectively of 151 c a tt le , 7k sheep and 138 goat

serum samples showed the presence of leptospira agglutinins
I

to  antigen pool consisting of L .autumnalis. L .pomona and 

L .w o lf f i.  Rapid microscopic s lid e  agglutination test was 

used in th is  t r i a l .  He also found that a gglu tin ins  to  1 

L .autumnalis were more common in  a ll  the animals when teste< 

w ith  individual antigen.

Serological evidence fo r leptospirosis In  horses was 

made by Rajasekhar e t, a1*(1977). These workers could obsei 

antibodies to  L . lcterohaemorrhaaiae and L .w o lffi in  horse 

sera by MA test*

6  i



Adlnarayanan and James (1980) reported the Isola

tio n  of leptospires from farmstock and w ild lif e  In Kerala.

A total of 28 strains were recovered comprising 14 isolate 

from p1 gs, eight from bandicoots and one each from an{ 

aborted bovine foetus, a sheep, a goat, a rat and mangoose, 

besides the s o lita ry  isolate  from the sewer effluents in  

the Iso la tion  ward of the local piggery. Among the strains 

that could be typed were the members of the sero groups, 

L .autumnalis. L .hebdomadls. L . lavanica and L .tarassovl. 

These are the f i r s t  iso lations from the concerned species
'i

In  the Indian subcontinent*

Serology

There are various procedures employed for the serodla- 

gnosis of leptospirosis. Meyer et al_.(1939) demonstrated 

agglutination test using porcellne plates. He used both 

liv e  and formalin k ille d  antigen* 1

Newman (1950) evaluated the laboratory diagnostic pro

cedures such as complement fix a tio n  and agglutination tests 

while studying canine leptospirosis in  Michigan area* i

Ward (1954) described certain  fundamental facts to  be 

taken In to  account before the serological diagnosis of lepti 

splrosls* He emphasised that the determination of specific 

serotype cannot be made, only on the basis of serology*



I
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The application of serology for the diagnosis of 

leptospirosis was described by Stoenner C1955)• He com

pared the serological findings in herds of cattle recently 

Infected with L .oomona with findings In herds with residual 

serological evidence of past Infection* Howrath (1956) 

evaluated the macroscopic tube agglutination test for the 

diagnosis of leptospirosis. The evaluation of the test was 

made by routine testing of 7313 sera samples during a five 

year period. He described this test as highly specific 

for the detection of leptosplral Infection.

A more simplified method employing only a glass plate 

and a standard dropper that was supplied with cornierc1al
I

antigen was described by Freeman (1957). Galton et al.(195E 

demonstrated a rapid macroscopic slide screening test for 

the serodiagnosis of leptospirosis. A drop of each of the 

pooled antigens were mixed with 0.01 ml of undiluted serum 

and the results were recorded on the basis of macroscopic 

clumping of antigen.

Boulanger (1958) observed that the results of the | 

plate and tube agglutination tests using formalized antigen 

were similar to those of agglutination test, but the c lin i

cal history of each individual animal and of the herd are
i

necessary for the evaluation of the results. Muraschl (195 

described a simple macroscopic tube agglutination test, usi

i



an antigen composed of polystrene latex p a rtic le s  and formol 

k il le d  le p to sp lre s . Employing a rapid s lid e  a gglu tin a tion  

te st Watson et a l*(1976) have shown that 6 . 8% of the sera 

tested from 60 dogs had a s ig n ific a n t t l t r e  ltlO O  or gre a te r.

M icroscopic a gglu tin a tio n  (MA) te st fo r the serodlgnosl 

of le p to s p iro sis  was f i r s t  developed by Schuffner and Mochtar 

(1 9 2 7 ). stoenner (1955) made a detailed  evaluation on the 

e ffe c ts  of density of a ntige n , method of preparation of serun

d ilu t io n s , stra in  of le p to s p ira , Incubation period and age of
1

the c u ltu re  on the re s u lts  of a gglu tin a tio n  te s t .  He found 

that antigen of low c e ll content yielded higher t i t r e  than 

te s ts  w ith  antigen containing a heavy concentration of lepto

splres* The use of antigen d ilute d  between 1>4 to  118 res

u lte d  In  end points about f iv e  fo ld  greater than t l t r e s  obtal 

w ith  undiluted antigen. The geometric mean t l t r e  of sera 

examined In  ten fo ld  s e ria l d ilu tio n s  was about four times 

greater than that of sera examined In  two fo ld  se ria l d i lu 

tion* In  h is  study s ix  s tra in s  of L .pomona showed uniform 

s e n s it iv ity  but v a ria tio n s  were observed among stra in s  of 

L .canlcola and L .1cterohaemorrhaaiae.  The age of the cu ltu re  

had l i t t l e  e ffe ct on the s e n s itiv ity  of the te s t . Whemtests 

were read a fte r two hours of incubation at 37°C, end points 

of only three of the 20 sera were one d ilu t io n  lower, but 

reactions were not as complete as those observed in  te sts  

Incubated fo r four hours at 37°C. Stoenner and Davis (1967)



modified the leptosplral p late  antigen* They found that 

p la te  te s ts  performed w ith  these antigens were as sensitive 

as the MA te s t . Morse and A llen  (1956) observed cross agglt 

tin a tio n  reaction between L .pomona and L. 1 cterohaemorrhaala< 

In  n a tu ra lly  Infected c a tt le . Expert group of WHO (1967) 

considered MA test as the standard te st fo r the serological 

diagnosis of leptospirosis In  man and animals.

The observations made by Higgins and Cayouette (1978 

showed that serological analysis Is  necessary to  differenti< 

leptospiro sis from sim ilar diseases and the serotype Involvi 

These workers tested serum samples frcm d iffe re nt species 

of animals, using MA te st employing s ix  d iffe re n t sero type 

namely L .pomona. L .1cterohaemorrhaalae. L .hardlo. L .se lroe . 

L .orlppotvphosa and l . canicola.

The effects of vaccination w ith two vaccines of 

L .pomona were studied by RIs (1978). He found that the cal

ves vaccinated twice w ith one commercial L .pomona vaccine 

had serum t i t r e s  upto 1«300 and 1:20 by MA and CFT respects 

v e ly . A second commercial vaccine did not e l i c i t  any
i

detectable antibodies, but a ll  the vaccinated as well as tin 

vaccinated calves showed a rapid ris e  in  antibody le ve ls , 

detectable w ith a ll the three te s ts , a fte r challenge w ith a 

high dose of L .pomona*

10



Turner (1967) reported that the word "lysis" j 

used In the agglutination test Is  not applicable because 

the organisms do not get lysed In this te st, as believed 

earlier* Hence the test Is  called as the microscopic 1 

agglutination with live  antigen (HAL) and microscopic 1 

agglutination test wjth k ille d  antigen (HAK).

Fluorescent antibody technique was used by many 

workers for the diagnosis and Identification of lepto

splral serotypes (0acres,196l; Coffin and Maestrone,1961
I

and Stalhelm, 1971 )•

Although Ezell et al_. (1952) have shown the asso» 

elation of a strain specific soluble antigen for Leptospira 

I t  was Chang and Mccomb (195*0 who f irs t  Isolated an Ery

throcyte sensitizing substance (ESS) that can be used for 

passive haemagglutinatlon (PHA) test for detecting lepto

splral antibodies. They successfully Isolated the lepto

splral ESS fran five strain of leptosplrae(L.lctero-  

haemorrhaqlae. L .canicola. L .pomona. L .hebdomadis and 

L .autumnalis) .  The principles and techniques of performing 

PHA test for the detection of leptospirosis was also laid 

down by them. They found that the leptosplral ESS was 

genus specific and not serotype specific as against the 

observation of Ezell et al_. (1952) with the soluble antigen



Cox (1955) described a haemolytlc reaction which

Involved sheep red blood cells sensitized with leptosplral
l

extracts, leptosplral anti serum and complement. Later|on 

Chang et a l« (1957) showed that erythrocyte lysis (HL) 

test can be performed with ESS as antigen for sensitization 

of the red cells  and was more sensitive than the PHA test.

The use of extracts from non pathogenic L .blflexa 

as antigen 1n the HL test was described by Cox In 1957*

He found that I t  could be used for HL test for the diagnosis 

of leptospirosis. The method of standardization and sta

b iliza tio n  of these extracts were also described by him.

In 1957 Cox et aK  evaluated the use of HL test employing 

L .blflexa extract as antigen 1n the serodiagnosls of human 

leptospirosis and suggested that the MA test could be advan- 

tagiously replaced with HL procedure.

In 1958, Cox et a K  studied the antibody response to 

different types of antigens of L .blflexa such as whole cell 

suspension HL antigen, HL antigen adsorbed on to  rabbit RBC 

and leptospiral extract prepared with 50% and 70% ethanol 

and 50% ether. It was found that the whole cell suspension 

stimulated both MA and HL antibodies! the HL antigen homolo

gous antibody and cell extract MA antibodies. They also 

found that the HL antibody system 1s not operative In lepto

splral agglutination, precipitation and complement fixation

12
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reactions. Characterization of the HL antigen revealed 

that It  contains polysaccharide which is  probably com- 

plexed, in some low molecular weight nitrogenous material. 

Sharp (1958) observed that an ESS prepared from L .australis 

reacted with antibodies to 26 pathogenic serotypes. He 

also showed that sera from 104 patients with proven lepto

splral Infection had rising antibody t lt re  to the above 

antigen. Eighty six of 90 patients considered to be Infe

cted with leptosplrae on the basis of rising agglutination 

lysis tltre s  exhibited rising t ltre s  for ESS antibody in 

the sensitized erythrocyte lysis (SEL) test. No ESS anti

body was detected by the SEL test In paired sera and 182 

of 198 patients with non leptosplral pyrexia. In another 

experiment 99 of 104 proven leptosplral Infections, ESS 

antibody appeared along with or before the HL antibody, 

but In 9 of 24 patients the ESS antibody disappeared 

before the HL antibody. High tltre s  of ESS antibody were 

obtained with SEL tests on sera stored at -20SC upto five 

years. He also shewed that the SEL test on paired sera 

was useful In the diagnosis of leptospirosis, particularly 

when the epidemic necesslates the examination of large 

number of patients.

Pal i t  and Gulasekharam (1973) used a genus specific 

substance extracted from a water leptosplra for sensitiza

tion of sheep RBC. They found that such sensitized cells 

could be preserved by freeze drying without any effect on 

its  serological a ctivity . It  was also suggested that thest



freeze dried sensitive  reagent could be used 1n the | 

screening te st for diagnosis of leptospirosis*

The use of PHA te st for the diagnosis of human 

leptospiro sis  was evaluated by Sulzer et a M l9 7 5 ) .  A 

soluble alcohol extract of an Andamana stra in  adsorbed 

to  human 'O ' negative erythrocytes and preserved by
I

pyruvic aldehyde fix a tio n  was used as the antigen* They 

showed that the over a l l  s e n s itiv ity  and s p e c ific ity  of 

PHA te st was 92 and 95 per cent respectively In  compari

son w ith  69% and 83% w ith the presumptive s lide  agglu

tin a tio n  te s t .

M orris et al_.(1977) studied the antibodies involved 

1n PHA te s t . They found that PHA t l t r e s  were p a ra lle l to  

the MA t l t r e s  during the primary response. In the ana

mnestic response PHA t l t r e s  ra p id ly  declined and were not 

detectable by the end of the 24th week of study, although 

antibodies were detectable by MA te s t . The PHA t l t r e s  

were usually lower than MA t l t r e s  but there was l i t t l e  

co rre la tio n  between the two te s ts . D1 sulphide bond redu

ction  and gel f i l t r a t io n  studies In  both experimental as 

well as f ie ld  cases indicated that IgM was the major 

immunoglobulin class detected by the PHA te st while the 

MA te st detected both I gM and IgGS antibodies*

14



A comparative study of common serological tests ,

used for the diagnosis of leptospirosis was reported | 

by Abdulla (196A). He observed that the plate and capl-
i

lla ry  agglutination test using formalized antigen gave 

results closely comparable to the microscopic aggluti

nation test. The sta b ility , sensitivity and the speci

f ic ity  of the antigens used for the tests were found to be 

satisfactory*

In a comparative study of macroscopic slide agglu

tination test with microscopic agglutination test, 

Solorzano (1967) observed considerable differences between 

MA test and rapid macroscopic slide agglutination test* 

There were higher number of positive reactors to L .wolffi 

live  antigen In the MA test than with L .selroe formalinlzei 

antigen* He also found a lower number of reactors to, 

L .canicola and L. 1cterohaemorrhaalae with the MA test than 

with the macroscopic agglutination test. These results 

were considered to be due to the differences in the sensi

t iv ity  of formallnized antigens of L .seiroe from that of 

L .canicola and L .icterohaemorrhaqlae.

Singh (1970) evaluated the agglutination lysis, 

plate agglutination and complement fixation tests for 

their efficacy in screening sheep experimently Infected 

with L .pcmona. He found that agglutination lysis and com

plement fixation tests were superior to plate test and

15
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among these two te s ts , the ly s is  test appeared to  be 

preferable because of It s  s e n s itiv ity  and s im p lic ity ,

Negl et ah, (1971) studied the antibody response 

of c a ttle  to  L«pomona. The response was measured by 

HA, HA and hamster protection te s ts . They found that 

calves vaccinated w ith L .pomona bacterln produced both 

IgG and IgM classes of antibodies that persisted for one 

year. Although the vaccinated calves Sid not develop 

serum microscopic agglutination  t lt r e s  using a sta rtin g  

d ilu tio n  of IslOO , they had protective antibodies as 

determined by the hamster protection te s t . However hae

maggluti nation test was able to  detect L .pomona antibodies 

In serum samples that were negative by routine MA te s t .

P a llt  and Sharma (1971) made a comparative study 

of MA, PHA and CF tests using rabbit and buffaloe ca lf 

hyperimmune sera fo r the detection of leptosplral a n ti

bodies. The antigens used fo r MA, PHA and CF te sts were 

liv e  leptosplres, Chang and Mccombs antigen and washed 

merthlolated leptosplres re sp e ctive ly . Three d ifferen t 

serotypes of leptosplres were employed 1n th is  study 

( L. 1cterohaemorrhaalae. L .pomona and L .autumnalis) .  The 

MA test In  rabbit and buffaloe c a lf  Immune sera showed 

high homologous t lt r e s  and low or n e g lig ib le  heterologous 

reaction. The PHA and CF te st In  rabbit serum showed 

high cross reaction, but the same w ith buffaloe serum 

was only n e g lig ib le .
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The use of whey and serum for MA te st fo r the , 

detection of leptosplra  antibodies was studied by ^

Hussalnl (1 9 7 6 ). Whey and serum from 123 animals from 

three herds showed that whey a gglu tin a tio n  te st Is  a 

dependable one, as there was a close re la tio n  between
I

the whey and serum a gglu tin a tion  te s t . He also  found 

that a t l t r e  of 1 tk  g iv in g  50% a g g lu tin a tio n , using whey 

can be considered as d iagnostic t l t r e  as i t  compared | 

w ell the ItlO O  t l t r e  fo r serum.
'I

Dawe et a K  (1976) evaluated the MA, PHA te st and 

serum n e u tra liza tio n  te s ts  fo r the detection of le p to l 

s p ira l a ntibodies. Of the te s ts  done, only the MA and 

n e u tra liza tio n  te sts  could give any d ifference 1n the 

antibody responses between p rin c ip a l and control groups. 

The antibody t l t r e s  determined by n e u tra liza tio n  te st

were higher than those determined by the homologous MA.
il

The re s u lts  of th e ir  study suggested that the PHA test 

using heterologous antigen Is  not a v a lid  method fo r 1 

detecting anti leptosplra l antibodies In  swine.
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MATERIALS AND METHODS j

(1 )  Glassware

Glassware used fo r preparation of medium werei 

chem ically cleaned by soaking overnight in  sulphuric 

dlchrcmate cleaning m ixture, prepared by adding 35  ml 

of saturated potassium dlchrcmate to  1000 ml of sul — | 

phurlc a c id . The fo llow in g  day glassware were removed 

from the above solution and washed well 1n running tap 

water and then rin sin g  In  d is t i l le d  w ater. They were
i

f i l l e d  to  the neck w ith  0.1M phosphate buffer (PH 7*2), 

autoclaved at 120°C for 20 minutes, cooled, the buffer 

solution  discarded; again autoclaved at 120°C for 2oj  
minutes, and then stored a t room temperature u n til used.

(2 )  Rabbit sera for media preparation. j 

About 30-40 mis of blood was removed aseptl sa lly

from healthy rabbits  fre e  from le p tosp lra l antlsodles, 

by cardiac puncture and dispensed in  10 ml qua n tltie p  

In  one ounce screw capped v ia ls .  The c lo t was allowed 

to  contract at room temperature. When serum was 

rated, the v ia ls  were inverte d  several times so 

some of the c e lls  were resuspended. The serum 

suspension was seperated and haemolysis was then 

by rapid fre ezing  at -20°C and thawing at 37#C. 

haemolysed serum samples were in activa te d  at 56!E

s sepe- 

that 

ce ll

A Induced
I

These 

°C for
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30 minutes and were s te r iliz e d  by f i l t r a t io n .  The 

s t e r i l i t y  was tested by p la tin g  on blood agar and i

Incubating at 37°C fo r 24-48 hours. The above 

s te r i le ,  haemolysed serum was stored at -20°C 1n 

10 ml quantities In  screw capped v ia ls  fo r further 

use*

2 (b )  Bovine sera

Blood collected from f iv e  to  six  months old bull
j

calves free from leptospiral antibodies were processed 

1n the same way as described for rabbit sera.

(3 )  Medium i

Throughout th is  work, Korthof's medium was used for 

the propagation of the antigen. One l i t r e  of the medium 

was prepared as f o llo w s :- 

Reagents

Peptone (Bactoneopeptone) 

Nacl

0 .8  gram 

1 .4  grams 

0.0 2  gram 

0.04 gram 

0.04 gram 

0.24 gram 

0.8 8  gram 

to  1000 ml

Na2 C03

Kcl

Cacl2

KH2 P04

Na2 HPoit 2H2o

Double d is t il le d  water
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A fte r dissolving a l l  the Ingredients, the medium 

was heated in  a waterbath fo r 20 minutes to  pre cip ita te  

the Phosphates and then cooled. The p re cip ita te  was 

removed by f i lt r a t io n  through Whatman f i l t e r  paper No.12. 

The re su ltin g  medium was bottled in  90 ml quantities in  

screw capped b o ttle s . The medium thus dispensed was 

autoclaved at 120°C fo r 15 minutes and stored at room 

temperature u n til used. Before use the medium was 

supplemented with haemolysed rabbit serum/haemolysed 

bovine serum at 10% level and d istrib u te d  in three to  

f iv e  ml quantities in  one ounce screw capped v ia ls  and 

stored at A°C. J
(A ) Antigen

Leptospira serotypes used in  these experiments were 

obtained from In s titu te  of Tropical Medicine, Amsterdam. 

The serotypes used were Leptospi ra autumnal is  and 

L .pyroaenes. These two serotypes were maintained in | th is  

laboratory in  Korthof's/Fletchers medium.

Propagation of antigen for Microscopic agglutination test 

Inoculation of the medium was done w ith a s te r ile  

Pasteur pipette using an inoculum of about one tenth 

volume of the medium. The inoculated tubes were incuba

ted at 30°C in  a BOO incubator to  ensure maximum growth 

of the organisms. These cultures were used as antigen
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of incu b a tio n , when i t  was found to  contain  1*8 x 10 '  

organisms per m l. The p u r it y ,  m o t i l i ty  and growth were 

checked p e rio d ic a lly  under dark f ie ld  illu m in a tio n .

( 5 )  Hyperimmune sera

The method of P a lit  and Sharma (1971) was followed 

fo r ra is in g  hyperimmune sera 1n ra b b its . Hyperimmune 

sera against L .autumnalis and L .pyroqenes were raised 

seperately in  adult ra b b its . Before imm unization, rabbits 

were screened for the presence of le p to s p ira l a ntib odie s. 

Three healthy adult ra b b its  free from le p to s p ira l a n ti

bodies were used fo r each serotype. The ra b b its  were 

given a to ta l of s ix  intravenous in je c tio n s  at f iv e  day 

in te rv a ls . The i n i t i a l  dose of 1 ml was ra ise d  u niform ly 

at each in je c tio n  in  such a way that the  f in a l dose was 

6 ml (Ta b le  1 ) .  At in te rv a ls  the ra b b its  were examined 

c u lt u r a l ly  by in o cu la tin g  two drops o f blood In  K orth o f's  

medi urn.

At weekly in te rv a ls , s ta rtin g  from the date of ino

c u la t io n , blood samples (about 5 ml each) were co lle cte d  

from the  ear ve in  of each animal t i l l  A9th  day of inocu

la t io n . The sera seperated from these samples were ina

c tiv a te d  at 56°C fo r 30 minutes and stored at -20°C for 

antibody t i t r a t io n  a fte r adding m erth io late  to  a f in a l



concentration of 1 *10 , 000.  !

A week follow ing the la st In je c tio n  about 15 ml 

of blood was colle cte d  from each animal by cardiac pun

ctu re  and allowed to  stand overnight at roan temperature. 

The serum seperated was Inactivated at 56°C fo r 30 minutes 

and stored at -20°C a fte r adding m erth iolate  to  a fin a l 

concentration of 1>10,000. These serum samples formed 

the hyperimmune sera fo r d iffe re n t tests*

( 6 ) Preparation of Antlge n-e rythrocyte  s e n s itiz in g
i

substance (ESS) fo r passive haemagglutination te s t .

Leptospira autumnalIs and L .pyroqenes were grown in  

l i t r e  volumes of K orthof's  medium supplemented w ith  10% 

rabbit serum/bovine serum. The inoculated media were
i

Incubated fo r seven to  ten days at 30°C. The growth and 

p u rity  were tested before they were removed fo r concen

tra tio n *  The growth was found s a tisfa cto ry  between the 

seventh and tenth day of in o cu la tio n . For concentration, 

the c u ltu re  was dispensed In  s te r ile  te s t tubes in  10 ml 

q u a n titie s  and centrifuged at 250g ( 1A000 rpm) for A5 

minutes. Immediately a fte r ce ntrifu ga tio n  the sediments 

o f leptospires were removed and pooled. One l i t r e  of
i

le p to sp lra l cu ltu re  yielded about 500 mgm of wet c e ll 

which was resuspended in  f iv e  ml of phosphate buffered 

salin e  PH 7.2 (PBS).
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Preparation of Leptosplral ESS

In 5 ml of the le p to sp lra l suspension In  PBS, j 

0 .2 5  gm of pure sodium taurocholate was dissolved and 

incubated f i r s t  at 37°C for 2 hours and then at ^®C 

fo r 16-20 hours. Following the incubation", k5  ml abso

lu te  alcohol was added and the alcohol b ile  s a l t -  

leptospira  m ixture was mixed thoroughly and kept fo r 

f lo c c u la tio n  at A°C fo r two hours. The p re c ip ita te  was 

c o lle cte d  by ce ntrifu g a tio n  at 1500 rpro fo r f iv e  minutes 

and resuspended in  f iv e  ml of the PBS, PH 7 .2 . The res

u lt in g  f a in t ly  tu rb id  solution constituted the leptospira l 

ESS.

Sheep red blood c e lls

Sheep red blood c e lls  were co lle cte d  in  A1sever's 

solution  (Cruickshank 1568) from healthy adult sheep from 

the slaughter house K u ria ch ira , T r ic h u r . The RBC were 

then washed th ric e  In  PBS and preserved at A°C u n til used.

(7 )  T it ra t io n  of ESS

The optimum d ilu t io n  of antigen required fo r maximum 

se n sitiza tio n  of the red c e lls  for the PHA te st was deter 

mined by the conventional checker board t i t r a t io n  de scri

bed by P a lit  and Gulasekharam (1 9 73 ). A se ria l two fold  

d ilu t io n s  of the ESS preparation were made in  PBS, s ta r

t in g  w ith  an I n i t i a l  d ilu t io n  of 1 :2 . To one ml of the 

d ilu te d  ESS, 0.1 ml of the 10% sheep RBC was added. The 

ESS erythrocytes mixture was kept at 37°C in  water bath
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fo r one hour. The erythrocytes were kept dispersed 

In  the d ilu te d  ESS by gently shaking the mixture In 

every 15 minutes. The sensitized erythrocytes thus 

prepared were washed twice In  PBS by centrifugation 

at 1500 rpm fo r f iv e  minutes, resuspended in  one ml 

of the same d ilu e n t. P o sitive  and negative sera 

were d ilu te d  s e ria lly  In  a perspex haemagglutination 

p late  using PBS and to  each d ilu tio n  sensitized ery

throcytes were added at the rate of 0.1 ml to  0*4 ml 

of the serum d ilu tio n s . Then the plate  was kept at 

30°C for 16-20 hours. Agglutination was Indicated 1 

by c le a rly  v is ib le  aggregates or agglutinates 

(Table  I I )

The optimum d ilu t io n  of the antigen required 

for se n sitiza tion  was the highest d ilu t io n  of the 

antigen which when coated on to  the c e lls  showed hae- 

m agglutination w ith the highest d ilu tio n  of the homo

logous anti serum. In the fin a l test the sheep RBC was 

sensitized w ith the predetermined optimum d ilu tio n  of 

the antigen and then reacted with the te st serum samples 

fo r determination of antibody t i t r e s .  The highest d i lu 

tio n  of serum showing haemagglutlnation was considered 

as the t i t r e  of the serum.
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( 8 ) S e n s itiza tio n  of sheep red c e l ls  fo r PHA test* 

Ten per cent suspension of RBC in  PBS was used 

s e n sitiza tio n *  To one ml of the d ilu te d  antigen, 0 . 

of th e  red c e ll suspension was added and the mixture

fo r 

1 ml 

was

allowed to  react at 37°C fo r one hour w ith  in te rm itte n t

shaking. These c e l ls  were washed tw ice  in  PBS and ijesus- 

pended in  the same b u ffe r to  get a f in a l concentration
i

of one per cent c e l ls .  T h is  co n s titu te d  the s e n sitize d

sheep RBC fo r PHA te s t s . j

Te st procedure fo r m icroscopic a g g lu tin a tio n  te s t .  |

Each serum sample was d ilu te d  w ith  PBS in  two fol<

ind ilu t io n s  s ta rtin g  w ith  an i n i t i a l  d i lu t io n  of 1j 50 

perspex haem agglutination p la te s . With a p ip e tte  from 

each d ilu te d  serum sample, a drop was tra n sfe rre d  to  ano> 

th e r perspex p la te . To the tra n s fe rre d  drop of d ilu te d  

serum, one drop of antigen was added thus doubling the 

d ilu t io n  of the serum. In  a l l  the te s t procedures, posi*
|i

t iv e  and negative c o n tro ls  were kept. A fte r mixing! by 

gentle  shaking the p la te s  were incubated a t 30°C fo r 3 -4  

hours and then a loopful of the  m ixture was examinejd 

under dark f ie ld  microscope fo r evidence of a gglu tin a tio i

on ofThe end p o in t was taken as the highest f in a l d ilu ti<  

the serum, in  which about 50% or more of the leptosplres 

were agglutinated*



Procedure fo r passive haem agglutination0

S e ria l two fo ld  d ilu t io n s  of the anti serum were 

made in  PBS, s ta rtin g  w ith  an i n i t i a l  d i lu t io n  of 1«5 

in  *U* bottom perspex p la te s . To  each w ell contai

ning four columes d ilu te d  serum, one volume of one 

per cent se nsitize d  sheep RBC was added. Appropriate 

c o n tro ls  were also  s e t. The antigen antibody m ixture 

was incubated at 37°C fo r  one hour, then a room tem

perature fo r  overnight before the re s u lts  were recorded. 

The highest d ilu t io n  o f serum showing haemagglutination 

was considered as the end t i t r e  of the serum.

S t a b i l i t y  and potency of antigen.

The ESS antigens were stored at -20°C fo r three 

months and again te sted  against the same serum samples 

mentioned above In  order to  evaluate the  s t a b i l i t y  and 

potency of the antigens*
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Throughout th is  work Korthof's medium supplemen

ted w ith  10% rabbit serum was used fo r the propagation 

of antigen. A fter Inocu la tion , the cultu res were incu

bated at 30®C. Seven to  ten days old cultures were| 

found to  contain 1.8 x  10^ organisms per ml which was 

used for microscopic agglutination te s t . (Figures 1 &2). 

The organisms were also grown in  Korthof's medium supple 

mented w ith  bovine serum but the growth obtained was not 

sa tisfa cto ry  to  the required le v e l, so th a t, medium 

enriched w ith  rabbit serum was used fo r the preparation 

of antigens fo r d iffe re n t tests*

Leptosplraemia could not be detected in  any of the 

Inoculated ra b b its , when blood was cultured at various 

In te rva ls  of the experimental period* The optimum d ilu 

tio n  of the antigen required for maximum sensitization  

of the red c e lls  for PHA test as determined by checker 

board t i t r a t io n  was found to  be 1t2 fo r both the sero

types employed In  th is  study. |

The re su lts  of microscopic agglutination and 

passive haemagglutination te sts  conducted on the sera 

collected from six ra b bits  at various In te rv a ls  are 

summarised in  tables I I I  and IV . None of the serum

RESULTS
II
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sanples co llected before the experiment revealed le p to - 

splra l antibodies against the two serotypes testedl On
i

the seventh day of ino cu la tio n , the samples collected 

from a l l  the three animals Inoculated w ith  L .autumnal 1 s 

had a uniform t l t r e  of 1 :400 whereas animals Inoculated 

w ith L .pvrooenes showed only a low t l t r e  of 1:100 by 

MA te s t . However both the groups had the same antibody 

t l t r e  of 1:5 by passive haemagglutination te s t . By the 

fourteenth day there was a marked increase In  the anti 

body t l t r e  both by microscopic and passive haemagglutl- 

natlon te s ts . Sera from a l l  the three ra b bits  inobulat< 

w ith L .autumnal Is  had a t l t r e  of 1t800 and 1(10 b^ MA 

and PHA te sts  respectively. On the other hand one! of 

the three rabbits  Inraunlzed w ith  L .pvrooenes had a 

higher MA t l t r e  of 1(400 compared to  the other two ani

mals where the t l t r e  obtained was only 1t200. However 

a l l  the three animals showed a PHA t l t r e  of 1i10. i The 

r is e  of antibody t l t r e  In  the serum samples collected 

subsequently were uniform. The maximum t l t r e  of 1l«1280< 

fo r L .autumnalIs was attained on day 21 and I t  remained 

the same u n til the 35th day except in  one animal where 

a decrease In  the t l t r e  was noticed (1 (6 4 0 0 ). In  com

parison, maximum PHA t l t r e  < 1 d 60) was reached only on
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DISCUSSION I
i
i

Throughout th is  work Korthof's medium supplemen

ted with 10% rabbit serum was used for the propagation
|i

of the antigen. Haemolysed bovine serum was also trie d  

as an enrichment in  the mediun which was found to  be un

suitable for obtaining maximum growth in  shorter period
i

when compared to  rabbit serum enrichment. The addpd 

advantages of rabbit serum to  support better growth of 

leptospira could be due to  high content of Vitamin' B12 

and comparatively low agglutinin  content (Turner 1970)* 

Addition of small amounts of haemoglobin solution to  

the medium has been reported to  improve substantially 

the growth of leptosptrae. (Wolff 195*H Czekalowskit 

1954 and Falne 1959)- During the present study also 

haemolysed rabbit serum was constantly used to have 

better growth in  the medium. Th is  was achieved by indu

ced haemolysis of RBCs by frequent freezing and thawing 

of serum containing blood. By about seven days of incu

bation both the serotypes of leptosplrae had produced 

good growth, (1.8x10^ organisms per m l) which was used 

for MA te s t.
Leptospjra autumnal is  and L .pvrooenes were sele

cted for preparation of antisera during th is  study*



L .autumnal is  has been reported to  be an important sero

type prevalent in  different parts of India (Tripathy 

1977). He has observed the presence of leptosplra 

agglutinins in  c a ttle , sheep and goats* About 44.37%, 

17.56% and 50% respectively of 151 c a tt le , 74 sheep and 

138 goat serum samples showed the presence of leptosplra

agglutinins to  antigen prepared against L .autumnalls.
i

L .pcmona and L .w olff1.  He also observed that agglutinins 

to  L .autumnal is  were more common In  a l l  the animals, when 

tested with Individual antigen. Adinarayanan and James 

(1980) reported the Iso la tion  of the serotvoes L .autumna-  

l i s . L .hebdomadls. L . iavanlca and L .tarassovl from I farm- 

stock and w ild l i f e  In  Kerala. In both these reports 

L .autumnalls was found to  be the predominant serotype 

occurring In  our country. Although reports on the occu

rrence of L.pyrogenes In  our country are very few, th is  

serotype was also included in th is  work fo r a comparative 

evaluation of serological reactions.

The optimum d ilu tio n  of the antigen required for 

maximum sensitization of the sheep blood c e lls  for^PHA 

test as determined by checker board t it r a t io n  described 

by P a lit and Gulasekharam (1973) was found to  be 1:2

! 31
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for the two serotypes employed In this study.

The microscopic agglutination test has been widely 

used for serodiagnosls in most of the laboratories,! though 

It  Is having certain disadvantages like maintanance of 

large number of serotypes and the risk of Infection to 

the operators while handling cultures particularly iof 

pathogenic leptosplres. The PHA test has been reported 

to be sensitive and specific to determine the antibody 

level In the sera of Infected animals. This test over

comes the disadvantages of MA test. It  Is easy to per

form and In addition ensures the use of nonvlable antigenic 

fraction of a c e ll. Moreover once prepared, it  can be 

stored for longer periods without loosing the antigenicity.

For PHA test the antigen was extracted by the 

technique described by Chang and Pfccomb (1954) and Palit 

and Gulasekharam (1973). I t  has been established that 

oral sensitivity and specificity of PHA test was 92 and 

95% respectively In comparison with 69 and 83% with)slide 

agglutination test (Sulzer et al_. 1975). Morris et a l. 

(1977) have observed that the PHA test had always allow 

tltre  when compared to MA titre s . In the present study 

also PHA tltre s  were far below when compared to MA tltre s.

A 1.400 reaction by MA t lt re  corresponded to 1*5 of PHA
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in  the case of L .autumnalis although 1<t00 by MA te st 

had a corresponding t l t r e  of 1*5 by PHA In  the case of
i1

L .pyrooenes. At the same tim e a gradual r is e  of a n ti

body was noticed by PHA te st t i l l  35th day by bothjthe 

serotypes, th e  t i t r e s  being 1*160 In  the case of L .autu

m nalls and 1*80 In  the case of L .pyrooenes. At the 

same time a peak t i t r e  was noticed by both the serotypes 

on 21st day by MA te st which remained stationary t i l l  

35th day and showed a tendency to  decline th e re a fte r.

The serum co lle cte d  from two ra b b its  showed the  maximum 

antibody level even on 42nd day by PHA te s t (1x1601) 

whereas the  MA t i t r e s  showed a decline from 1*1280(3 to  

1*6400 in  the case of L .autum nalls.  However L .pyrooenes 

Infected animals had a uniform f a l l  In  the antibody level 

from 35th day, the t i t r e s  f a l l in g  to  1*1600 by MA jtest 

and 1*40 by PHA te st on 42nd day. The re s u lts  obtained 

tend to  show that PHA t i t r e s  a fte r reaching the maximum 

level remained detectable fo r longer period when compa

red to  MA t i t r e s .  Turner (1968) In  h is  studies on the 

level of antibodies In  the leptosplra  infected animals 

have observed th a t PHA antibody t i t r e s  could be detected 

much e a rlie r  to  MA t i t r e s .  In the present study the 

serum co lle cte d  from the inoculated animals was examined

3 3



oir 7th day for a g g lu tin in s . The PHA t i t r e s  during 

th is  period were found to  be 1*5 In  both the group1 of

ra b b its . The e a rlie r  appearence of a gglu tin ins  could,l
not be ascertained since the f i r s t  bleeding was condu

cted on 7th day of Inoculation. On the whole the jresults 

obtained by the two tests were closely comparable.!

S im ilar observations have also been made by M orris et a]_. 

(1977) In  th e ir  studies on antibodies Involved in  PHA 

t i t r e s .
t I

The s ta b i l it y  and potency of the PHA antigens
f

were found to  be unaltered even a fte r keeping at n>20°C
i

fo r a period of three months. On retesting the stored
ii

antigens gave sim ilar re sults  in d ica ting  that thejpotency 

and s ta b ility  are retained without any deterioration*

The sera samples which were co llected p e rio d ic a lly  were
'i

also preserved at -20°C for a period of three months* 

There was no drop in  antibody t i t r e  even when the sam

ples were tested repeatedly at varying periods* ^

Pal I t  and Gulasekharam (1973) have reported| the

use of sheep red c e lls  sensitized w ith extracts from
i

Leptospira which was freeze dried and used subsequently 

fo r performing haemagglutination test to  detect



leptospiral antibodies. The process of freeze drying 

has not altered the s e n s itiv ity  of the reagent. The 

re sult of the present work indicate that the PHA a n t l-
i

gens and serum can be conveniently stored at -20°C 

keeping i t s  s e n s itiv ity  for a period of at least three 

months.
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SUMMARY

A comparative study was ca rrie d  out on the sensi

t i v i t y  of MA and PHA te sts  using hyperimmune sera prepa

red in  ra b b its . For MA te st antigen was prepared by

growing Leptospira serotypes, L .autumnal is  and L .ovrooenes
“  I

in  Korthof's medium enriched w ith  10% haemolysed rabbit

serum for a period of seven to  ten days. Seven to  hen 

day old cultu res concentrated by centrifugation  at 1A,000 

rpm for A5 minutes was used fo r antigen extraction for 

PHA te s t . The ethanol extracted antigen (ESS) coated on 

to  sheep RBC was used for PHA te s t . )

Hyperimmune sera for the above two tests were} pre

pared by immunizing rabbits  by m ultip le  Intravenous 

in je c tio n s . Antibody t i t r e s  were determined in  a lls e ru m  

samples co llected at weekly In te rva ls  from seven days 

follow ing the f i r s t  inoculation upto A9th day. Both the 

te sts  employed were found to  be sensitive  to  determine the
i1

antibody level in  the hyperimmune sera. Although t it r e s  

obtained by PHA test were fa r below the MA te s t , the res

u lts  obtained by both the te s ts  were c losely  comparable.

In  general an MA t i t r e  of 1i12800 attained by L .autumnal is  

on 35th  day of Inoculation corresponded to  1:160 by PHA 

te s t . S im ila rly  a t i t r e  of 1:3200 by MA te st had a
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corresponding reaction of 118O by PHA In the case of 

L .pyrogenes. I t  was also observed that the PHA t itre s  

after reaching the maximum level remained detectable 

for longer period when compared to  MA titres*

The erythrocyte sensitizing substance prepared 

from both the serotypes and the sera samples collected 

periodically from Immunized rabbits were preserved at 

-2 0 9C at varying length of time* upto three months. 

There was no deterioration In the sta b ility  or potency 

of ESS or sera on storage*
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TABLES



T ab le  I

Schedule of Inoculation for ra is in g  hyperimmune 
sera In  rabbits

Days Dose Route

1 st day 1 ml I/V

5th day 2 ml "

10th day 3 ml »

15th day ii ml "

20th day 5 ml 11

25th day 6 ml "



Tab le  I I

Determination of optimum d ilu tio n  of antigen for sensitization 
of sheep erythrocytes

Antigen d ilu tio n s Anti serum d ilu tio n
5 10 20 AO 8o 160 320 '61*0 12&)

1 *2 + + ♦ + + _ _ m

1*4 + + + ♦ - - - «•

1*8 + + + + - - - - -

1 *16 - - - - - - - -

1*32 - - • - - “ —



MA and PHA t i t r e s  of serum samples from rabbits  immunised 
against L .autumnalis

T a b le  I I I

Days a fte r 
inoculation Rabbit I

(.•autumnal 1s 

Rabbit I I Rabbit I I I
MA PHA MA PHA MA . _ PHA

0 day Negative - -

7th day 1 >400 1 >5 1 >400 1 *5 1>400 1>5

14th day 1«800 1 >10 1 >800 1 >10 1>800 1 >10

21st day 1 >12800 1>40 1>12800 1)40 1>12800 1 >40

28th day 1 >12800 1 >40 1>12800 1>40 1>12800 1>40

35th day 1 >12800 1 *160 1 >12800 1>160 1>6400 1 >160

42nd day 1>6400 1 >160 1>6400 1 >160 1 >6400 1 >80

49th day 1>3200 1 >80 1:320ft 1>80 1>3200 1 >40



MA and PNA t l t r e s  of serum samples from ra bb its  Immunised against
L .pvroaenes

T ab le  IV

Days a fte r 
Inoculation Rabbit I

U.Dvroaenes 
Rabbit I I Rabbit I I I

MA PHA MA PHA MA PHA

0 day Negative - - - - -

7th day ItlO O 1 *5 1<100 1*5 1 <100 1 <5

14th day 1 «200 1 <10 1 <200 1 <10 1 <400 1i10

21st day 1<3200 1 <40 1<3200 1 <40 1<3200 1 <40

28th day 1<3200 1 <40 1<3200 1 <40 1<3200 1 <40

35th day 1<3200 1 <80 1<3200 1 <80 1<3200 1 <80

42nd day 1<1600 1 <40 1<1600 1 <40 1<1600 1 <40

49th day 1 <1600 1 <20 1 <1600 1 <40 1<800 1 <20
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ABSTRACT

Leptospirosis is  a widespread disease of man 

and animals and is  of considerable economic importance 

besides being a pu blic  health problem. The leptospira 

in fe ctio n  in  man and animals may be confirmed e ither 

by is o la tio n  of the organisms or by detection of specifl 

antibodies in  the serum and tissues of infected animals. 

Is o la tio n  of Leptospira is  time consuming and beyond the 

scope of many diagnostic la b ora torie s.

In  the present study the s e n s it iv ity  of passive 

haemagglutination test was compared w ith  the establishec 

m icroscopic agglutination  te st u t i l iz in g  rabbit hyper

immune serum as the source of antibody.

Leptospira serotypes were grown in  K orthof's  medii 

enriched w ith  10% haemolysed rabbit serum. By 7-10 day 

sa tisfa c to ry  concentration of the organisms was obtaine 

and was used fo r MA te s t .  Passive haemagglutination 

te st was c a rrie d  out employing ethanol extracted antige 

frcm concentrated le p to sp ira l c u ltu re s . The PHA test 

was c a rrie d  out a fte r determining the optimum d ilu tio n  

of antigen required to  se n sitize  sheep erythrocytes.

Hyperimmune sera to  both serotypes were raised 

in  ra b b its  by a series of intravenous inocu la tio n s.



Serum samples fo r antibody t i t r a t io n  was co lle cte d  at 

weekly in te rv a ls  from seven days fo llo w in g  the f i r s t  

in je c tio n  t i l l  the 49th day.

Antibody t i t r a t io n  by MA and PHA te s ts  have sha 

th a t a l l  the three animals inoculated  w ith  L .autumna 

had a uniform  t i t r e  of 1*400 on the seventh day where< 

the other th re e  animals inoculated w ith  L . pvroqenes 

showed a low t i t r e  of 1*100 by MA t e s t .  The PHA t i t r  

of both the groups remained the same ie  1*5« The max 

mum t i t r e  of 1*28000 fo r L .autumnal!s was attained on 

the 21st day and remained unchanged u n t i l  35th day. 

maximum PHA t i t r e  was atta ine d  only on 35th day (1*16 

The ra b b its  Inoculated w ith  L .pyrogenes showed a maxi 

t i t r e  of 1*3200 by MA and 1*80 by PHA. The re s u lts  o 

ned tend to  show that PHA t i t r e s  a fte r  reaching the 

maximum level remained detectable fo r  longer period w 

compared to  MA t i t r e s ,

Erythrocyte  s e n s itiz in g  substance from both the 

serotypes and the sera samples c o lle c te d  p e rio d ic a lly  

from immunized ra b b its  were preserved at -20°C at var 

ing length of tim e upto three  months. There was no 

d e te rio ra tio n  in  the s t a b i l i t y  or potency of ESS or s 

on storage.




