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ABSTRACT 

Hartman, E.G., van Houten, M., Fr ik ,  J.F. and van der Donk, J .A. ,  1984. 
Humoral immune response of dogs a f ter  vaccination against leptospiros is 
measured by an IgM- and IgG-specif ic ELISA. Vet. Immunol. Immunopathol., 7: 
245-254. 

An IgM- and IgG-specif ic ELISA was used to measure the antibody response s t i -  
mulated in dogs by vaccinat ion with a leptospi ra l  bacterin containing chemically 
inact ivated Leptospira interrogans serotype icterohaemorrhagiae and serotype 
canicola leptospires.  A l l  dogs produced an t i - l ep tosp i ra l  IgM and IgG. The IgM 
production was of the primary response type a f ter  each vaccination (primary 
vaccinat ion,  booster vaccinat ion and annual revaccinat ion).  A substant ial  an t i -  
leptospi ra l  IgG response could be demonstrated only a f ter  the f i r s t  booster 
vaccinat ion and the annual revaccinat ion. Annual revaccination resulted in a 
higher and much longer pers is t ing IgG response than did the f i r s t  booster 
vaccinat ion. A rev is ion of the vaccinat ion scheme is suggested. 

INTRODUCTION 

Canine leptospi ros is  is d is t r ibu ted world-wide and general ly associated with 

in fec t ion  by Leptospira interrogans, serotype icterohaemorrhagiae and canicola 

(Michna, 1970). In the Netherlands in fect ions with serotype canicola are re- 

s t r i c ted  to the canine populat ion, whereas serotype icterohaemorrhagiae is 

spread by the brown rat as i t  is world-wide (Hartman, 1977). 

The f i r s t  successful vaccinat ion experiments in dogs were carr ied out by 

Dal l ing and Okell (1926) with a k i l l ed  serotype icterohaemorrhagiae vaccine and 

by Ottosen (1946) with a serotype canicola vaccine. Prevention of leptospiros is 

in dogs through vaccinat ion with a chemically inact ivated bacterin of mixed 

cul tures of the above-mentioned serotypes is widely practiced nowadays. Before 

these bacterins are l icenced they must pass a potency test  in hamsters as 

prescribed in the U.S. Code of Federal Regulations (Standard Requirements B-41) 

and the European Pharmacopoeia. This hamster protect ion tes t ,  however, does not 

provide information concerning the degree and duration of protect ion against 

c l i n i c a l  leptospi ros is  obtained through vaccination of dogs. The hamsters are 

challenged only during the 3rd week a f ter  vaccinat ion. 
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The degree of immunity conferred by vaccination is not related to the agglu- 

t i na t i on  t i t r e .  Thus, an animal may be protected for  a considerable period a f ter  

serum agglut in ins have declined below detectable levels.  Leptospiral bacterins 

often induce protect ion wi thout at a l l  s t imulat ing s i gn i f i can t  levels of agglu- 

t i na t i ng  antibodies. Using the agglut inat ion reaction as the sole measure of 

immuno-protection, one could fa l se l y  conclude that the bacterins had fa i led  to 

be s u f f i c i e n t l y  immunogenic (Heath and Box, 1965; Hanson et a l . ,  1972; Hanson, 

1973) yet ,  the discrepancy between agglut inat ion and protect ion is a resu l t  of 

the d i f f e ren t  propert ies of the various classes of immunoglobulins produced 

a f ter  ant igenic s t imulat ion through vaccinat ion. IgM antibodies are the f i r s t  

to be detected a f te r  ant igenic s t imulat ion and can be seen as a primary response 

d i r e c t l y  proport ionate to the antigen concentration for  r e l a t i v e l y  short periods 

fo l lowing each exposure to the same ( inact ivated)  antigen. IgG antibodies can be 

detected somewhat la te r  a f te r  primary ant igenic s t imulat ion and respond anam- 

nes t i ca l l y  fo l lowing secondary exposures (Pike, 1967; Hood et a l . ,  1978). Due 

to t he i r  high valency IgM antibodies are h igh ly  e f fec t ive  agglut inators,  where- 

as IgG antibodies are more c losely associated with neut ra l i z ing  a c t i v i t i e s  and 

phagocytosis and only p a r t i a l l y  contr ibute to the agglut inat ion reaction (Hood 

et a l . ,  1978). From the above-mentioned one can conclude that the degree and 

durat ion of the production of spec i f ic  an t i - l ep tosp i ra l  IgG is the most impor- 

tant c r i t e r i on  to determine the qua l i t y  of (humoral) immunity a f te r  vaccinat ion. 

The aim of the present invest igat ion was to determine the production of spe- 

c i f i c  an t i - l ep tosp i ra l  IgM and IgG a f te r  vaccination of dogs against leptospi -  

rosis using the ELISA technique, which has been shown to be a very useful tool 

for  th is  purpose (Hartman et a l . ,  1984). 

MATERIALS AND METHODS 

Dogs 

Primary vaccinat ion. Eight purebred beagles (s ix  females 7 to 9 months of 

age and two males 18 months of age) were vaccinated subcutaneously on the tho- 

racic wall  wi th one recommended dose of a commercial bacter in.  The bacterin 

consisted of a chemically inact ivated whole cul ture mixture of Leptospira 

interrogans serotypes icterohaemorrhagiae and canicola. The vaccinat ion was 

repeated three weeks la te r .  

Annual revaccinat ion. Seven purebred beagles (a l l  females circa 2½ years of 

age), which had been vaccinated one and two years before, were subcutaneously 

vaccinated for  the t h i r d  time with a s ingle recommended dose of the same commer- 

c ia l  bacter in.  A l l  dogs were vaccinated with bacterin of the same lo t .  

Serum sampling. Serial serum samples were col lected from each dog before and 

a f te r  vaccinat ion and stored at -70°C un t i l  use. 
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Microscopic ag lu t ina t ion  test  (MAT) 

The MAT (Turner, 1968) was carr ied out in Cooke M ic ro t i t e r  plates. Lepto- 

spires were cu l t i va ted  in a polysorbate-80 bovine albumin medium (Difco).  

Cultures of Leptospira interrogans serotypes icterohaemorrhagiae s t ra in  

Kantorowics and canicola s t ra in  Hond Utrecht IV were used as antigen (density 

approximately 108 leptospires per ml). Serial two-fold d i l u t i ons  of serum 

s tar t ing  with I in 20 were made in Chang buffer (Chang, 1947). The t i t r e  is ex- 

pressed as the reciprocal of the highest d i l u t i o n  of serum at which at least 

50% of the leptospires were agglut inated (WHO, 1967). 

ELISA 

The ELISA was carr ied out in m ic ro t i t re  plates 

coated with the outer envelope antigen of Leptospi 

icterohaemorrhagiae s t ra in  Kantorowics and canicol 

(Cooke Dynatech, Microel isa) 

ra interrogans serotypes 

a s t ra in  Hond Utrecht IV. In 

consecutive steps (1) two-fold d i lu ted dog serum,(2a) rabbi t  ant i -canine IgM 

(~ chain spec i f i c )  or (2b) rabbi t  ant i -canine IgG (~ chain spec i f i c ) ,  then (3) 

goat an t i - r abb i t  IgG (H+L) horse-radish peroxidase conjugate (Miles Laborato- 

r ies)  and f i n a l l y  (4) substrate (ortho-phenylenediamin) were added. Af ter  each 

incubation step the plates were thoroughly washed with tapwater-Tween-20. The 

test  was read on a Dynatech Microel isa Minireader MR 590 (Pope et a l . ,  1982; 

Hartman et a l . ,  1984). 

Data analysis 

Al l  antibody t i t r e s  are expressed as the ar i thmet ic mean of the loglO of the 

reciprocal t i t r e s  and presented as a l i near  funct ion of time in weeks (Figures 

1-4). 

RESULTS 

Primary vaccinat ion 

Serological examination of the 8 beagles before the primary vaccination 

experiment demonstrated no agglut inat ion t i t r e s  equal to or exceeding 20; ELISA 

IgG t i t r e s  we re<20  and ELISA IgM t i t r e s  were ~40  in a l l  dogs and should be 

considered to be negative (Hartman et a l . ,  1984). The antibody response of the 

primary vaccinated beagles is shown in the Figures I and 2. 

IgG response. Primary vaccinat ion did not st imulate a substant ial  production 

of IgG to e i ther  serotype icterohaemorrhagiae or serotype canicola during the 

three weeks preceding the booster vaccinat ion. In only two dogs a t i t r e  of 40 

was demonstrated to serotype canicola and in one dog to serotype ic tero-  

haemorrhagiae. Af ter  the f i r s t  booster vaccinat ion a sharp r ise of the IgG t i t r e  

was demonstrated: an eleven-fo ld r ise of the mean ant i -canico la  IgG t i t r e  and 

an e igh t - fo ld  r ise of the mean anti- icterohaemorrhagiae IgG t i t r e .  The maximum 
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Fig. 1. Antibody response to the canicola component of a bivalent bacterin as 
measured by the MAT and the IgM-, resp. IgG-specific ELISA in eight dogs after 
primary vaccination: f i r s t  vaccination (1) and booster vaccination ( I I ) .  
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Fig. 2. Antibody response to the icterohaemorrhagiae component of a bivalent 
bacterin as measured by the MAT and the IgM-, resp. IgG-specific ELISA in eight 
dogs after primary vaccination: f i r s t  vaccination (1) and booster vaccination 
( I I ) .  
. . . . .  IgM; IgG; ........... MAT. 
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Fig. 3. Antibody response to the canicola component of a bivalent bacterin as 
measured by the MAT and the IgM-, resp. IgG-specif ic ELISA in seven dogs af ter  
the 2nd annual revaccination (arrow). 
. . . .  IgM; IgG;-" MAT. 
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Fig. 4. Antibody response to the icterohaemorrhagiae component of a bivalent 
bacterin as measured by the MAT and the IgM-, resp. IgG-specific ELISA in seven 
dogs after the 2nd annual revaccination (arrow). 
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of the mean IgG t i t r e  to both serotypes was attained one week after the booster 

vaccination. Thereafter the mean IgG t i t r e  to both serotypes gradually declined 

to reach the lowest detection level 1 in 20 (1.3) at 4½ months and 6 months 

post-vaccination, respectively for serotypes canicola and icterohaemorrhagiae; 

however, the i in 40 (1.6) level (one di lut ion step above the lowest detection 

level) was already reached within 10 weeks after the booster vaccination (both 

serotypes). 

The immune response of the individual dogs varied to some extent. The maximal 

IgG t i t r e  varied from 40 to 320 (icterohaemorrhagiae) and from 80 to 320 

(canicola). In two dogs ("low responders") the IgG t i t r e  declined to 20 within 

three weeks (icterohaemorrhagiae) and seven weeks (canicola) following the 

booster vaccination. After half a year in only two dogs an IgG t i t r e  of 80 

could s t i l l  be demonstrated to both serotypes. One year after the primary 

vaccination al l  dogs had IgG t i t res ~40. 

IgM response. The IgM response to both serotypes was of the primary response 

type after the f i r s t  and booster vaccination. The mean IgM t i t r e  to both sero- 

types attained i ts  maximum one week after the f i r s t  vaccination (varying from 

160 to 640 to both serotypes) and also one week after the booster vaccination 

(varying from 80 to 320 and 640 respectively to canicola and icterohaemorrhagiae) 

and declined below the 1 in 40 level within 10 weeks after the booster vaccina- 

tiQn. 

MAT response. The mean MAT t i t r e  pattern with respect to serotype ictero- 

haemorrohagiae closely followed the mean IgM pattern and declined to the lowest 

detection level (1 in 20) within 10 weeks after the booster vaccination. The 

mean MAT t i t r e  to serotype canicola did not exceed the lowest detection level 

for one year following primary vaccination. In only two dogs an anti-canicola 

MAT t i t r e~ -20  (80 to 160) was detected during the f i r s t  two weeks after the 

f i r s t  and booster vaccination. 

Annual revaccination 

The antibody response of the annually revaccinated beagles is shown in the 

Figures 3 and 4. 

IgG response. Revaccination of the beagles, which had been vaccinated 

annually two times before, resulted in an anamnestic rise of the IgG t i t r e  to 

both serotype icterohaemorrhagiae and canicola to attain a maximum 2 to 3 weeks 

after the revaccination. In the individual dogs the maximum varied from 320 to 

2560 to both serotypes, with the exception of one dog (probably a "low respond- 

er") which demonstrated a maximal IgG t i t r e  of only 80 to serotype ictero- 

haemorrhagiae and 40 to serotype canicola. Although the mean IgG t i t r e  to both 

serotypes declined gradually after attaining the maximum, i t  remained at a 

higher level than before the revaccination for at least one year. However, in 
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two dogs including the "low responder", the ant i -canico la  IgG t i t r e  decreased 

t o ~ 4 0  by the end of the year fo l lowing the revaccination. 

IgM response. The IgM response to both serotypes was of the primary response 

type as i t  was a f te r  the f i r s t  and booster vaccination of the primary vaccinated 

dogs. The mean IgM t i t r e  attained i ts  maximum also one week a f ter  the vaccina- 

t ion.  The maximal IgM t i t r e  varied from 80 to 320 with respect to both sero- 

types. The mean IgM t i t r e  to both serotypes declined to a negative IgM level 

(~40) wi th in seven weeks a f ter  the revaccination. The low IgG responder showed 

a "normal" IgM response. 

MAT response. The MAT response to serotype canicola closely resembled the 

IgM response to the same serotype at ta in ing a maximum two weeks a f ter  the re- 

vaccination. The mean MAT t i t r e  declined to below the lowest detection level 

wi th in six weeks. The MAT response to serotype icterohaemorrhagiae was more pro- 

nounced, reached a maximum one week a f ter  the revaccination and only gradual ly 

declined thereaf ter .  I t  pa ra l le l l ed  the IgG response to serotype icterohaemorrha- 

giae to a certain extent. The maximal MAT t i t r e  to serotype icterohaemorrhagiae 

varied from 160 to 640, whereas the maximal MAT t i t r e  to serotype canicola 

varied from 20 (the same "low responder") to 160. 

DISCUSSION 

The immune responses to leptospi ra l  bacterins have been d i f f i c u l t  to evaluate 

using the MAT because the major i ty of the vaccinated animals develop e i ther  a 

low agglut inat ion t i t r e  or f a i l  to develop any agglut inat ion t i t r e  at a l l  

fo l lowing vaccination. However, results of hamster protection test and challenge 

studies show that protect ive antibodies do develop a f ter  vaccination and persist 

a f te r  the agglut inat ion t i t r e  has disappeared (Heath and Box, 1965; Negi et a l . ,  

1971; Huhn et a l . ,  1975). 

Immunoglobulin G is the pr incipal  class of antibody for protect ion,  whereas 

the IgM class of antibody is pr imar i ly  associated with agglut inat ion (Hanson, 

1973). Negi et al .  (1971), using the hamster passive-protection test ,  demon- 

strated that protect ive antibodies were present in both the IgM and IgG frac- 

t ion of ca l f  serum, being more prevalent,  however, in the IgG fract ion.  Hamster 

passive-protect ion tests are laborious and expensive and not suited for routine 

test ing of the humoral immune response a f te r  vaccination. Although Huhn et a l .  

(1975) have demonstrated the re la t ion  between the resistance induced in vacci- 

nated dogs and that induced in vaccinated hamsters by a challenge two weeks 

a f ter  vaccination and Desmecht (1982) found that hamsters were protected for at 

least 18 months a f ter  two vaccinations three weeks apart with 1/10 of the dose 

of a vaccine for  dogs, hamster protection tests as prescribed in the U.S. Code 

of Federal Regulations and the European Pharmacopoeia in pr inc ip le  provide no 

information concerning the duration of immunity in dogs. 
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A simple reproducible serological test  to measure the IgG response would 

f a c i l i t a t e  the evaluat ion of the humoral immune response a f te r  vaccinat ion. 

Tripathy et a l .  (1973) described the use of the g rowth - inh ib i t i on  test  to detect 

antibody to leptospires in ca t t l e  vaccinated with leptospi ra l  bacterins and 

found that the g rowth - inh ib i t i ng  a c t i v i t y  was large ly  associated with the IgG 

antibodies. The major disadvantage of th is  test  is that an incubation period 

of approximately two weeks is required before resul ts  can be read. Using our 

ELISA technique the resul ts  can be read w i th in  f i ve  hours. The resul ts  pre- 

sented by Bey and Johnson (1978, 1983b), using the microscopic agglut inat ion 

test  and the lep tosp i r i c ida l  assay to monitor the humoral immune response of 

dogs a f te r  vaccinat ion,  were p a r t i a l l y  inconsis tent  with the resul ts  described 

in the present paper. They found that both IgM and IgG were produced in s imi la r  

amounts in vaccinated dogs over an observation period of two years. In our ex- 

periment, using the ELISA technique, an t i - l ep tosp i ra l  IgM could only be detected 

for  short periods of time fo l lowing each vaccinat ion,  whereas a substant ia l  

production of an t i - l ep tosp i ra l  IgG was not detected before one week a f te r  the 

f i r s t  booster vaccinat ion;  the IgG t i t r e s  being far  more pronounced and of a 

much longer durat ion a f te r  the annual revaccinat ion. The fact  that  the IgG 

response more or less pa ra l l e l l ed  the IgM response a f te r  the f i r s t  booster 

vaccination is in agreement wi th the resul ts  of Bey and Johnson (1978, 1983b). 

However, IgM t i t r e s  cannot quan t i t a t i ve l y  be compared with IgG t i t r e s  due to 

d i f fe ren t  av id i t i es  of both immunoglobulins. 

As protect ion is p r imar i l y  associated with IgG antibodies and as an t i - l ep to -  

sp i ra l  IgG t i t r e s  of maximal 80 could only be demonstrated for  a l imi ted number 

of weeks a f ter  a s ingle vaccinat ion,  as was demonstrated in four other dogs, 

primary vaccination of dogs against leptospi ros is  should include a booster 

vaccination. The rapid decl ine of the IgG t i t r e  a f te r  the f i r s t  booster (Figures 

I and 2) might resu l t  in a too low level of humoral immunity and an increased 

r isk of in fec t ion .  Revaccination before the end of the 3rd month a f te r  the 

f i r s t  booster could probably prevent th is  r isk  of i n fec t ion .  Annual revaccina- 

t ion ,  resu l t ing  in the production of r e l a t i v e l y  high an t i - l ep tosp i ra l  IgG t i t r e s  

pers is t ing fo r  at least  one year in the major i ty  of the dogs, as shown in 

Figures 3 and 4, seems sa t is fac tory .  

As described for  other bacterins (Hanson, 1973), the canicola component of 

the bacter in,  used in th is  experiment, did not st imulate a detectable MAT t i t r e  

(~20)  in the major i ty  of the dogs a f te r  the primary vaccinat ion (+ booster),  

whereas the icterohaemorrhagiae component st imulated a MAT response s im i la r  to 

the IgM response to that  serotype as did the canicola component in the group 

annually revaccinated beagles (Figure 3). Agglut inat ion t i t r e s  to serotype 

canicola were considerably lower than agglu t inat ion t i t r e s  to serotype ic te ro-  

haemorrhagiae. Live serotype canicola antigen apparently cannot eas i ly  be 
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trapped by agglut inat ing antibodies (IgM) in spite of r e l a t i v e l y  high an t i -  

leptosp i ra l  IgM t i t r e s  (Figure i )  as detected by the ELISA using the outer en- 

velope antigen. 

A certa in amount of b io log ica l  va r ia t ion ,  resu l t ing  in varying antibody res- 

ponses to vaccinat ion,  was demonstrated in the group of beagles used in the 

present vaccinat ion experiment. This var ia t ion  could probably be masked when 

larger amounts of antigen were used in the vaccine (Huhn et a l . ,  1975). 

CONCLUSIONS 

The ELISA technique detecting spec i f ic  an t i - lep tosp i ra l  IgM and IgG proved 

to be a very su i table test  to measure the humoral immune response in dogs a f te r  

vaccinat ion with a chemically inact ivated leptospira l  bacter in.  

Vaccination t i t r e s  do not d is turb the serodiagnosis of acute leptospi ros is  

because, as a ru le ,  dogs suf fer ing from acute leptospiros is demonstrate a re la-  

t i v e l y  high an t i - l ep tosp i ra l  IgM t i t r e  together with a low or negative an t i -  

leptospi ra l  IgG t i t r e  (Hartman et a l . ,  1984). Such t i t r e s  were found only during 

the time between the f i r s t  and the booster vaccination ( in pr imar i l y  vaccinated 

dogs). 

The resul ts  of the present invest igat ion suggest the necessity of a revis ion 

of the vaccinat ion scheme. Addit ion of an adjuvant to the leptospi ra l  bacterins 

could perhaps improve the degree and duration of the immune response as was 

demonstrated by Bey and Johnson (1982a). However, as the primary vaccination 

experiment was carr ied out in older dogs, the resul ts  of the present experiment 

are not necessari ly appl icable to puppies of circa three months of age. 
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