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Practical significance of rabies antibodies 
in cats and dogs 

M.F.A. AUBERT * 

Summary: Doubt has sometimes been cast upon the protective effect of rabies 
antibodies in serum. Animals and humans suffering from fatal rabies often 
produce high antibody titres, while rabies cases are also observed in vaccinated 
animals. Cellular immunity is also largely involved in protection. Nevertheless, 
a large number of laboratory experiments and field observations clearly 
demonstrate that cats and dogs which develop antibodies after vaccination and 
before challenge have a very high probability of surviving any challenge, no 
matter how strong the dose and which virus strain was used. 

Rabies antibody titration can, therefore, afford a strong additional guarantee 
to the vaccination certificates accompanying domestic carnivores during 
transportation between countries. Quarantine rules should also be adapted to 
the epidemiological features in the exporting country, e.g. statistics of vaccination 
failure in cats and dogs and host-virus adaptation of the rabies strains circulating 
in these countries. 
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I N T R O D U C T I O N 

Cats a n d dogs can i n t r o d u c e rabies in to disease free countr ies if they a re incuba t ing 
the disease a n d a r e t r a n s p o r t e d d u r i n g t h e p r e - s y m p t o m a t i c p h a s e . T o p r even t such 
in t roduc t ion , v a c c i n a t i o n is r e c o m m e n d e d . T h e p re sen t ar t ic le reviews p u b l i c a t i o n s 
dealing w i t h r ab i e s p r o t e c t i o n a f f o r d e d t o ca ts a n d dogs by v a c c i n a t i o n . 

Only t h e p a r e n t e r a l r o u t e o f v a c c i n a t i o n will b e c o n s i d e r e d , a s t h e o r a l r o u t e is 
employed o n l y fo r w a n d e r i n g a n d n o n - r e s t r a i n e d ca rn ivo re s ; extensive resul ts for 
individual ca t s a n d d o g s a r e u n a v a i l a b l e . A l s o , since o r a l v a c c i n a t i o n cou ld mobi l i se 
immuni ty p a t h w a y s o t h e r t h a n t h o s e o b t a i n e d p a r e n t e r a l l y , t he resul ts wi th one 
procedure m a y b e n o t t r a n s p o s a b l e t o t h e o t h e r . 

F u r t h e r m o r e , n o cons ide ra t i on will b e given he re t o t he results of vacc ina t ion after 
exposure , w h i c h d o e s l i t t le , if a n y t h i n g , t o a l ter d isease (20) . 

E m p h a s i s will b e g iven to t h e m o s t c o m m o n m e t h o d for m e a s u r i n g rab ies 
i m m u n i s a t i o n : a s says for rabies virus neutralising antibodies in serum ( hence fo r th 
referred t o as " n e u t r a l i s i n g a n t i b o d i e s " ) . T h e prac t ica l significance a n d consequences 
of rabies v i rus n e u t r a l i s i n g a n t i b o d i e s in ca ts a n d d o g s a re cons ide red ; n a m e l y , t o 
what ex ten t d o n e u t r a l i s i n g a n t i b o d y t i t res con fe r p r o t e c t i o n aga ins t s u b s e q u e n t 
challenge ? 

* Centre national d'études vétérinaires et alimentaires, Laboratoire d'études sur la rage et la pathologie 
des animaux sauvages, B . P . 9, 54220 Malzéville, France. 
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N o c o n s i d e r a t i o n will be given t o t h e q u e s t i o n of w h e t h e r r ea l p r o t e c t i o n aga ins t 
chal lenge is p rov ided by neut ra l i s ing an t ibod ie s a n d / o r o t h e r i m m u n i t y f ac to r s . Ti tres 
of neutral is ing ant ibodies in se rum are s imply viewed as t he easiest m e a n s of evaluat ing 
t he l ike l ihood t h a t a cat or d o g will n o t c o n t r a c t r ab i e s fo l l owing e x p o s u r e . 

S T U D I E S I N D O G S 

N E U T R A L I S I N G A N T I B O D I E S A F T E R V A C C I N A T I O N 

General considerations 

T h e kinet ics o b t a i n e d for neu t r a l i s ing a n t i b o d i e s af ter v a c c i n a t i o n h a v e been 
t h o r o u g h l y descr ibed in t he l i t e r a tu re . T h e cu rve of n e u t r a l i s i n g a n t i b o d i e s after 
vacc ina t ion a n d boos t e r s fol lows t h e p a t t e r n genera l ly o b s e r v e d w i t h o t h e r an t i gens : 
s e roconver s ion a n d r a p i d r ise o f t h e level of n e u t r a l i s i n g a n t i b o d i e s a f te r first 
vacc ina t ion , fo l lowed by a s low dec rease , a n e w rise af ter b o o s t e r t o r e a c h a h igher 
level t h a n previous ly obse rved , t h e n a new decrease l ead ing to a s tabi l i sed h igher level 
(Fig. 1) (8, 5 1 , 63) . T h e decrease of neu t r a l i s i ng a n t i b o d y levels h a s b e e n eva lua t ed 
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F I G . l 

Kinetics of rabies neutralising anl ibodies in sera of 
laboratory dogs vaccinated with a tissue culture vaccine 
Variations according to vaccination route and antigenic value 

of the vaccine as measured by the NIH test 
(63, 64) 

Davs after vaccination 

Low potency vaccine 
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in domes t i c p o p u l a t i o n s o f o w n e d d o g s in several c o u n t r i e s : in C a n a d a , t i t res of 
neutral is ing a n t i b o d i e s in t h e sera of d o g s s h o w e d a c lear d iv is ion b e t w e e n , on t he 
one h a n d , d o g s v a c c i n a t e d o r r e v a c c i n a t e d o n e year be fo re a n d , on t h e o t h e r h a n d , 
dogs r e v a c c i n a t e d t h r e e w e e k s b e f o r e (33) . D a t a f r o m T h a i l a n d a n d J a v a s h o w t h a t 
the neu t r a l i s i ng a n t i b o d y t i t r e dec r ea se s very r a p i d l y af ter 60 t o 120 d a y s t o levels 
5 to 25 fold less t h a n t h e h ighes t p o i n t r e a c h e d d u r i n g the kinet ics (Fig . 2) (40, 65) . 
The h igher level of n e u t r a l i s i n g a n t i b o d i e s o b t a i n e d w h e n o w n e d d o g s a re vacc ina t ed 
several t i m e s h a s b e e n d e s c r i b e d b y S a s a k i a n d co l leagues (55, 56). 

Kinetics of rabies neutralis ing ant ibodies in sera of owned dogs 
of var ious ages in Thai land after one subcutaneous vaccination 

with a tissue culture vaccine 
The number of dogs sampled was 

54 at day 0 and 31 at day 360 
(65) 

W i t h r e g a r d t o t h e p r o d u c t i o n o f neu t r a l i s i ng a n t i b o d i e s a n d the r e l a t ion of these 
ant ibodies t o p r o t e c t i o n a g a i n s t cha l l enge , a c lear d i s t i nc t ion m u s t b e m a d e b e t w e e n 
live virus vacc ines a n d i n a c t i v a t e d v i rus vacc ines . T h e s e t w o types of vacc ine c a n n o t 
be direct ly c o m p a r e d . T h e bes t r e l a t i o n b e t w e e n a n t i b o d y p r o d u c t i o n a n d p r o t e c t i o n 
has a lways b e e n o b t a i n e d wi th i nac t i va t ed vi rus vaccines a n d it is, t he r e fo re , t he la t te r 
which will be c o n s i d e r e d in g r e a t e r de t a i l , especial ly as t h e y c u r r e n t l y r ep re sen t t h e 
only type o f vacc ine a u t h o r i s e d in a g rea t m a n y c o u n t r i e s . 
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High individual variability 

In l a b o r a t o r y dogs b r ed a n d kep t u n d e r t h e s a m e c o n d i t i o n s a n d in c o m p a r a b l e 
hea l t h , neu t ra l i s ing a n t i b o d y t i t res o b t a i n e d a f t e r t h e s a m e f o r m o f v a c c i n a t i o n 
c o m m o n l y r a n g e f r o m ze ro t o t w e n t y i n t e r n a t i o n a l u n i t s ( IU) o r m o r e p e r m l (19, 
5 1 , 53) . 

Influence of vaccine types and potency 

T h e first c o m p l e t e s t u d y o f live v i rus vacc ines was p u b l i s h e d b y D e a n a n d 
col leagues (32). T h i s s tudy e s t ab l i shed a c o r r e l a t i o n b e t w e e n a n t i b o d y p r o d u c t i o n 
a n d res is tance t o cha l lenge , wh ich was c o n f i r m e d b y la te r s tud ies (see b e l o w ) . As 
far as inac t iva ted vi rus vaccines a r e c o n c e r n e d , bes ides i n d i v i d u a l v a r i a t i o n , t he level 
o f neu t ra l i s ing a n t i b o d i e s in s e r u m co r r e l a t e s pos i t ive ly w i t h t h e a n t i g e n i c va lue of 
t he vaccine as d e t e r m i n e d by the A m e r i c a n N a t i o n a l In s t i t u t e s of H e a l t h ( N I H ) test . 
Th i s obse rva t i on is c o m m o n in t h e c o u r s e of vacc ine p r o d u c t i o n a n d c o n t r o l on 
l a b o r a t o r y dogs (Fig. 1) (47, 63) . T h e in f luence o f t h e a n t i g e n i c v a l u e of t h e vacc ine 
on the level of neu t ra l i s ing a n t i b o d i e s h a s a l so b e e n d e m o n s t r a t e d in d o m e s t i c 
p o p u l a t i o n s of o w n e d d o g s ; in S w i t z e r l a n d , Enge l s a n d co l l eagues (35) s h o w e d tha t 
in o w n e d d o g s , h igher t i t res were genera l ly o b t a i n e d w i t h i n a c t i v a t e d vacc ines t h a n 
wi th live ( and less p o t e n t ) vacc ines . 

H o w e v e r , w h e n inac t iva ted v i rus vacc ines wi th a n an t igen i c v a l u e (as m e a s u r e d 
by the N I H test) equa l t o or g rea te r t h a n 1.0 I U pe r d o s e a r e e m p l o y e d , n o cor re la t ion 
can b e s h o w n b e t w e e n t h e level of neu t r a l i s ing a n t i b o d i e s in i n d i v i d u a l d o g s a n d the 
t i t re of t h e vacc ine . T h i s resul t was first d e m o n s t r a t e d in o w n e d d o g s t o in F r a n c e 
by B l a n c o u a n d col leagues (13). In th i s e x p e r i m e n t , d o g s w e r e s a m p l e d r a n d o m l y 
f rom p o p u l a t i o n s l iving u n d e r v a r i o u s c o n d i t i o n s a n d w e r e v a c c i n a t e d w i t h a r a n g e 
of commerc ia l ly ava i lab le vacc ines . C h a p p u i s a n d co l l eagues (30) a n d L a z a r o w i c z 
a n d col leagues (45) used l a b o r a t o r y d o g s t o inves t iga te w h e t h e r t h e a d m i n i s t r a t i o n 
of vaccines f rom the s a m e p r o d u c e r w o u l d en ta i l a c o r r e l a t i o n b e t w e e n t h e N I H ti tre 
of vaccines a n d the level of neu t ra l i s ing a n t i b o d y r e s p o n s e . E v e n u n d e r s t a n d a r d i s e d 
c o n d i t i o n s , n o co r r e l a t i on was f o u n d . T h e s a m e c o n c l u s i o n c a n b e d r a w n f rom the 
resul ts of B a r t h a n d col leagues (7). 

In s u m m a r y , a significant var ia t ion of neutra l is ing a n t i b o d y r e sponse can be shown 
only u n d e r a b r o a d range of vaccine po tenc ies (61). W h e n the po tenc ies of commerc ia l 
inac t iva ted vi rus vaccines a re fair ly h igh , t h e n e u t r a l i s i n g a n t i b o d y r e s p o n s e will be 
re la ted only t o t he i m m u n e r e sponses of i nd iv idua l d o g s . 

Influence of the route of vaccination 

Since P a s t e u r , t he r o u t e of v a c c i n a t i o n h a s b e e n s u b c u t a n e o u s ( s . c . ) . F u e n z a l i d a 
in 1967 demons t r a t ed tha t the in t r amuscu la r ( i .m.) r o u t e resul ted in h igher neutral is ing 
a n t i b o d y t i t res in sera of dogs (37) . A p a r t f r o m M e r r y (46) , w h o f o u n d n o clear 
a d v a n t a g e for t he i .m . over t he s.c. r o u t e , t h e resul t s o b t a i n e d b y F u e n z a l i d a were 
largely con f i rmed (22, 25 , 63) . H o w e v e r , t he a d v a n t a g e of t h e i . m . r o u t e d imin ishes 
wi th h igh p o t e n c y vaccines (Fig. 1) (63) a n d the use of a d j u v a n t e d vacc ines renders 
the i .m. r o u t e excessively pa infu l . A d j u v a n t s confe r a l onge r las t ing i m m u n i t y , which 
can be obta ined with a smaller quan t i ty of ant igen, as first d e m o n s t r a t e d o n l abora to ry 
d o g s (52), t h e n o n o w n e d d o g s (43 , 6 8 , 69) . Desp i t e t h e use o f sma l l e r quan t i t i e s of 
an t igen a n d a r e d u c e d vacc ina t i on schedu le (less f r e q u e n t b o o s t e r s ) , t h e neu t ra l i s ing 
a n t i b o d y levels r eached after o n e , t w o or t h r ee yea r s wi th a d j u v a n t e d vacc ines were 
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equivalent t o t h o s e r e a c h e d wi th n o n - a d j u v a n t e d vaccines given acco rd ing t o t he usua l 
schedule ( t w o in j ec t ions o f vacc ine t h e first yea r , w i t h a n n u a l b o o s t e r s ) . 

The i m p o r t a n c e of t he vacc ina t ion r o u t e was clearly d e m o n s t r a t e d wi th in t r ade rma l 
injection of vacc ine in d o g s (68) . U n f o r t u n a t e l y , t h e a d v a n t a g e s of a n e n h a n c e d 
response o b t a i n e d w i t h a m i n u t e d o s e of vacc ine ( 2 x 0 . 1 ml ) were offset b y t h e fact 
that i n t r a d e r m a l i n j ec t i on m u s t b e p e r f o r m e d o n t h e ins ide of t h e ea r a n d , h e n c e , 
this p r o c e d u r e m u s t b e c o n d u c t e d d a n g e r o u s l y n e a r t h e m o u t h of t h e a n i m a l . 

Influence of age 

It h a s b e e n s h o w n t h a t d o g s 11-16 w e e k s of age r e s p o n d be t t e r t o F l u r y l ow egg 
passage ( L E P ) o r h i g h egg p a s s a g e ( H E P ) vacc ine t h a n d o g s 5-10 weeks of age 
(81% vs. 3 8 % p r o t e c t i o n f r o m cha l lenge , respectively) (41). T h e re la t ionsh ip be tween 
the age of a n i m a l s a n d p r o t e c t i o n f r o m chal lenge was con f i rmed in a l a b o r a t o r y s tudy 
by B u n n in t h r e e - t o f i v e - m o n t h - o l d p u p s . T h r e e m o n t h s af ter vacc ina t i on wi th F l u r y 
LEP vacc ine , t e n of f o r t y p u p s h a d a n t i b o d y t i t res be low 1/5 (24, 25) . 

A survey o n o w n e d dogs in F r a n c e s h o w e d t h a t even b e y o n d th ree m o n t h s of age , 
older dogs p r o d u c e d h i g h e r t i t res (F ig . 3) (13) . 

F I G . 3 

Corre lat ion be tween rabies ant ibody level reached 
after o n e vaccine inject ion and age of dogs 
Study conducted on 66 owned dogs in France 

(13) 

Age of dogs (months) 
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T h e influence of age on the neu t ra l i s ing a n t i b o d y r e sponse in dogs w a s a lso clearly 
d e m o n s t r a t e d o n o w n e d dogs in T h a i l a n d by T e e p s u m e t h a n o n a n d co l l eagues (65). 
These a u t h o r s desc r ibed the kinet ics of n e u t r a l i s i n g a n t i b o d i e s in t h r e e age g r o u p s : 
3 weeks t o 3 m o n t h s , 6 t o 12 m o n t h s , a n d m o r e t h a n 12 m o n t h s . W h e n e v e r t h e m e a n 
level of neu t ra l i s ing a n t i b o d i e s was e v a l u a t e d af ter v a c c i n a t i o n , t h e o l d e r d o g s had 
the h ighes t levels of r e s p o n s e . G iven t h e diff icul t c o n d i t i o n s p r eva i l i ng in T h a i l a n d , 
the superior response of older dogs cou ld also be re la ted t o the increased life expectancy 
of dogs wi th a m o r e power fu l i m m u n e sys tem (Fig . 2) . 

T h e p resence of specific neu t r a l i s i ng a n t i b o d i e s t r a n s m i t t e d t o p u p p i e s via 
co los t rum impedes deve lopmen t of act ive i m m u n i t y . T h e in te r fe rence be tween passive 
neu t ra l i s ing an t i bod i e s of m a t e r n a l o r ig in a n d ac t ive i m m u n i s a t i o n h a s b e e n s tudied 
by P r é c a u s t a (52, 53) . P u p p i e s of n o n i m m u n e b i t ches v a c c i n a t e d a t t h e age of one 
m o n t h r e s p o n d wi th t he s a m e neu t r a l i s i ng a n t i b o d y level as p u p p i e s v a c c i n a t e d at 
seven m o n t h s of age . P u p p i e s of i m m u n e b i t ches v a c c i n a t e d at o n e m o n t h of age 
show neu t ra l i s ing a n t i b o d y levels wh ich dec r ea se a c c o r d i n g t o t h e s a m e kinet ics as 
u n v a c c i n a t e d m e m b e r s of t he s a m e l i t ter . 

Af te r t en weeks (44) t o twelve weeks (52), n o t r aces of m a t e r n a l neu t ra l i s ing 
an t ibod ie s r e m a i n . Surveys in pe l d o g p o p u l a t i o n s w h e r e sy s t ema t i c v a c c i n a t i o n of 
adu l t dogs is p rac t i sed (in F r a n c e a n d e lsewhere) h a v e c o n f i r m e d t h a t n o fur ther 
in te r ference be tween act ive a n d pass ive i m m u n i t y o c c u r s b e y o n d th is age (53). 

Influence of the health and breeding status of dogs 

Blancou a n d col leagues (19) c o m p a r e d t h e p r o p o r t i o n of i n d i v i d u a l s deve lop ing 
neu t ra l i s ing an t i bod i e s in 64 dogs af ter t h e a d m i n i s t r a t i o n of a d j u v a n t e d or non -
a d j u v a n t e d vacc ines . Th i s r a t e m a y v a r y c o n s i d e r a b l y d e p e n d i n g o n t h e ca t ego ry of 
d o g (bred for l a b o r a t o r i e s , be long ing to i nd iv idua l s in F r a n c e o r u n c o n t r o l l e d in 
Tunis ia) . T h e ra te d rops f rom 100% to 5 9 % in the case of semi-s t ray dogs as compared 
to l a b o r a t o r y dogs (Fig . 4) . U r b a n d o g s in L i m a ( P e r u ) exh ib i t ed be t t e r r a tes t h a n 
in Tun i s i a , b u t t he ra tes were still lower t h a n in d o g s k e p t u n d e r l a b o r a t o r y 
cond i t i ons (31). A l t h o u g h the hea l t h s t a tu s of t he se p o p u l a t i o n s h a d n o t been 
measu red in the prev ious s tudies , this s ta tus is p r o b a b l y r e spons ib le for t he differences 
observed by T e e p s u m e t h a n o n a n d co l leagues (65) in T h a i l a n d : T h a i pe t dogs which 
h a d received o n e s.c. dose of rabies vacc ine exh ib i t ed a be t t e r n e u t r a l i s i n g a n t i b o d y 
response when they did no t suffer f rom a n a e m i a (Fig. 5). In 440 pe ts u n d e r qua ran t i ne 
in H a w a i i , Sasaki a n d col leagues (56) d e m o n s t r a t e d t h a t t h o s e wi th in t e rna l paras i tes 
h a d signif icant ly lower levels of neu t r a l i s ing a n t i b o d i e s t h a n t h o s e w i t h o u t pa ras i t e s . 

L E V E L O F N E U T R A L I S I N G A N T I B O D I E S I N S E R A 
A N D R E S U L T S O F C H A L L E N G E 

Challenge under laboratory condit ions 

In view of the serious p rob l em posed by rabies , chal lenge of p rev ious ly vaccinated 
dogs has often been pe r fo rmed even w h e n a large p r o p o r t i o n of t he dogs under 
exper iment exhibi ted a se roconvers ion . M o r e o v e r , such chal lenges a re p e r f o r m e d in 
response to d o u b t s which have somet imes been cast on t he s ignif icance of neutra l is ing 
ant ibodies to rabies, due to the fact that high titres have been m e a s u r e d in h u m a n beings 
a n d an imals dying of rabies . In fact , very few diseases s h o w so clear a cor re la t ion as 
in rabies be tween seroconvers ion before chal lenge a n d p ro t ec t i on f r o m chal lenge. 
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non adjuvanted vaccine adjuvanted vaccine 
(2 injections) (1 injection) 

laboratory dogs pet dogs stray dogs 

F I G . 4 

Inf luence of the breeding standards of dogs on the level 
of rabies ant ibody reached one year after vaccination 

Comparison of laboratory dogs, pet dogs in France 
and stray dogs in Tunisia 

(19) 

F I G . 5 

Inf luence o f the health status of Thai dogs on the level 
o f rabies ant ibody reached after one vaccinat ion 

Compar ison of dogs with or without anaemia 
(65) 
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In t he con tex t of m o v e m e n t of dogs b e t w e e n c o u n t r i e s , it is p o s s i b l e t o check the 
eff iciency o f p r e v i o u s v a c c i n a t i o n s . A l a rge n u m b e r o f r e p o r t s c a n b e s u m m a r i s e d 
b y the s imple c o m p a r i s o n of t he p r o p o r t i o n of d o g s su rv iv ing cha l l enge vs . the 
p r o p o r t i o n of dogs wi th de t ec t ab l e n e u t r a l i s i n g a n t i b o d i e s in s e r u m j u s t before 
cha l lenge ( i .e . t heore t i ca l ly w h e n t h e n e u t r a l i s i n g a n t i b o d y level is l owes t ) . These 
s u m m a r i e s a re given in Tab le s I t o V I I I . 

Sikes a n d colleagues (62) employed several types of vaccine o n dogs a n d challenged 
t h e m one or three years after vaccinat ion (Tables I a n d I I ) . Sikes (61) c o m m e n t e d on 
the three-year experiment as follows: " I n this s tudy, as in m a n y o thers , presence of 
neutralising ant ibodies t o rabies at t he t ime of chal lenge did no t ind ica te p ro tec t ion for 
all of the animals . Likewise, absence of neutral is ing an t ibodies in se rum at the t ime of 
challenge did not m e a n the animals were unp ro t ec t ed . H o w e v e r , there was strong 
statistical significance (P< 0.1) t h a t an imals wi th neutra l i s ing an t ibod ies a t t he t ime of 
challenge were better protec ted t h a n those with n o detectable neutra l is ing an t ibod ie s . " 

T A B L E I 

Laboratory dogs: one intramuscular vaccination 
with various vaccines, challenge with rabies virus NYC-Ga strain 

one year after vaccination 
(61) 

Vaccine 
Dogs with antibodies 
just before challenge 

(%) 

Dogs surviving 
challenge 

Experiment 1 
L E P tissue culture 
LEP tissue culture 
ERA tissue culture 
LEP chicken embryo 
H E P tissue culture 
CVS adjuvanted 
None 

Experiment 2 
Suckling mouse brain 
Suckling mouse brain 
None 

73 
73 
70 
63 
13 
0 

95 
67 

0 

L E P : low egg passage 
H E P high egg passage 
ERA Elizabeth (Gaynor) Rokitniki Abelseth 
CVS challenge virus strain 

9/10 
10/10 
10/10 
10/10 
10/10 
7/10 
0/10 

10/10 
10/10 
0/10 

Sikes e m p l o y e d the N Y C - G a (New Y o r k C i t y - G e o r g i a ) d o g sa l ivary g l a n d strain 
of rabies v i rus . T h e s a m e s t ra in has a lso been used for cha l l enge in o t h e r exper iments 
(Tables III t o VI) a n d the resul ts c o n f i r m each p o i n t of t h e s t a t e m e n t s m a d e by 
Sikes (60) r ega rd ing vacc ina t ion of d o g s : 

a) genera l ly , g r o u p s of dogs wi th a h igh p e r c e n t a g e of s e r o c o n v e r s i o n will have 
t he h ighes t p r o b a b i l i t y of surviving cha l lenge 
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T A B L E I I 

Laboratory dogs: one intramuscular vaccination with 
various vaccines, challenge with rabies virus NYC-Ga strain 

three years after vaccination 
(61) 

Vaccine 
Dogs with antibodies 
just before challenge 

(%) 

Dogs surviving 
challenge 

LEP tissue culture 
LEP tissue culture 
ERA tissue culture 
LEP chicken embryo 
Suckling mouse brain 
HEP tissue culture 
Suckling mouse brain 
CVS adjuvanted 
None 

87 
69 
57 
54 
48 
42 
28 

0 
0 

29/30 
26/29 
27/30 
28/30 
27/27 
27/29 
23/29 
17/29 
3/30 

Results of challenge Antibodies before challenge 
yes no 

Rabid 
Surviving 

3 * 
157 

26 
47 

* titres of 1/2, 1/3 and 1/5 (endpoint neutralising dilutions of the serum) 

T A B L E I I I 

Laboratory dogs: one vaccination with HEP vaccine, 
challenge with rabies virus NYC-Ga strain 

three years after vaccination 
(22) 

Vaccination 
Dogs with detectable Dogs surviving 

antibodies just before challenge challenge 

Intramuscular injection 

Undiluted 
Diluted 1/10 
Diluted 1/100 

29/30 
6/10 
4 /10 

30/30 
10/10 
9/10 

Subcutaneous injection 

Undiluted 
Diluted 1/10 
Diluted 1/100 

4/29 
0 /9 
0/8 

17/29 
2 /9 
2 /8 

None 0/30 0/30 
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T A B L E IV 

Laboratory dogs: subcutaneous vaccination with 
tissue culture vaccine, challenge with rabies virus NYC-Ga strain 

twenty-seven months after vaccination 
(8) 

Antigenic 
value of 
vaccine * 

Dogs with detectable antibodies 
12 months after vaccination 

Dogs surviving 
Vaccinated 

; challenge 
Controls 

0.6 8/8 8/8 0/7 
1.7 19/20 17/18 ** 3/12 
4.6 10/10 9/9 
2.3 6/9 8/9 *** 4/12 

* measured by the N I H test, expressed in I U / d o s e 
** The dog which died of rabies had always had the lowest an t ibody titre in the g roup 

' ** The dog which died of rabies had never seroconverted 

T A B L E V 

Laboratory dogs: subcutaneous vaccination with 
tissue culture vaccine, challenge with rabies virus NYC-Ga strain 

three years after vaccination 
(52) 

Vaccination 
Dogs with serum Dogs surviving ; challenge 

Vaccination antibodies > 0 . 5 IU/mi 
; challenge 

just before challenge Vaccinated Controls 

One injection of 
adjuvanted vaccine 29/30 29/30 0/20 

T A B L E VI 

Laboratory dogs: intramuscular vaccination with tissue culture 
adjuvanted vaccine, challenge with rabies virus NYC-Ga strain 

three years after vaccination 
(59) 

Vaccination 
Dogs with detectable antibodies 

just before challenge 
Dogs surviving 

challenge 

Yes 
No 

14/25 
0/10 

23/25 * 
2/10 

- One of the two dogs which died following challenge was s e r o n e g a m e , the other had a titre of 1/4 (endpoint 
neutralising dilution of the serum) 
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b) o n a n i n d i v i d u a l ba s i s : 

a d o g wi th neut ra l i s ing an t ibod ies jus t before challenge will have the best chance 
of surviving a severe cha l l enge 

- a d o g wi th n o de t ec t ab l e neu t ra l i s ing an t i bod i e s j u s t be fo re cha l lenge will h a v e 
a high c h a n c e of su rv iv ing a severe cha l lenge if it s e r o c o n v e r t e d after vaccination 

s o m e d o g s will n o t su rv ive a severe cha l lenge even if t hey h a v e de tec t ab le 
neutral ising a n t i b o d y t i t res before challenge; genera l ly these t i t res a r e t h e lowest of 
the g r o u p . 

In s tudies of fox s t r a ins of r ab ies v i rus (Tab les VI I a n d V I I I ) , t he poss ibi l i ty of 
procuring a s t r o n g i m m u n i t y as l o n g as fou r t o five years af ter v a c c i n a t i o n , a n d of 
enhancing p ro t ec t i on by the use of ad juvan ted vaccines , has been d e m o n s t r a t e d . These 
studies a l so c o n f i r m e d t h e c o r r e l a t i o n be tween neu t ra l i s ing an t i bod i e s a n d p r o t e c t i o n 
against a fox s t r a i n . 

T A B L E V I I 

Laboratory dogs: intramuscular vaccination with ERA vaccine, 
challenge with rabies virus fox strain 
four or five years after vaccination 

(44) 

Vaccination 
Dogs with detectable antibodies 

just before challenge 
Dogs surviving 

challenge 

Four years before challenge 
Yes 5/10 7/10 
No 0/9 0/9 

Five years before challenge 
Yes 7/14 13/14 
No 0/14 5/14 

T A B L E V I I I 

Laboratory dogs: subcutaneous vaccination with adjuvanted 
tissue culture vaccine, challenge with rabies virus fox strain 

two years after booster vaccination 
(38) 

Antigenic 
value of 
vaccine * 

Dogs with detectable antibodies 
just before challenge 

Dogs surviving 
Vaccinated 

challenge 
Controls 

4.2 9/10 10/10 0/5 

* measured by the N I H test, expressed in I U / d o s e 
** two dogs with an an t ibody titre < 0 5 I U / m l 
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B u n n a n d col leagues (28, 29) g a t h e r e d p r e - c h a l l e n g e n e u t r a l i s i n g a n t i b o d y li tres 
a n d chal lenge resul ts o b t a i n e d o n d o g s by the U n i t e d S t a t e s N a t i o n a l Ve te r ina ry 
Services Labora to r i e s a n d by vaccine m a n u f a c t u r e r s . M o s t of t he dogs were challenged 
with t he N Y C - G a s t r a in , bu t resu l t s o b t a i n e d wi th fox o r s k u n k s t r a in s w e r e a lso 
a d d e d . Sera were t i t r a t ed e i ther by t h e v i rus n e u t r a l i s a t i o n test in m i c e ( M N T ) (5) 
or the r ap id f luorescent focus i n h i b i t i o n test ( R F F I T ) (62) . D a t a o n neu t r a l i s ing 
an t i bod i e s or ig inal ly expressed in a r i t h m e t i c a l d i l u t i ons by B u n n (26, 27) h a v e been 
conver t ed in to IU in F igure 6. B e y o n d 0.03 I U / m l wi th t h e M N T or 0 .05 I U / m l with 
t he R F F I T , the expec ted surv iva l t o cha l l enge b y a d o g s t r a i n r e a c h e s 9 5 % . Wi th 
288 dogs hav ing R F F I T t i t res a b o v e 0.1 I U / m l , a 1 0 0 % surv iva l r a t e was o b t a i n e d . 
T h e m a x i m u m survival r a t e obse rved a m o n g a n i m a l s wi th t he h ighes t neu t ra l i s ing 
a n t i b o d y ti tres m e a s u r e d by M N T was 9 9 . 5 % . 

control < I I I I 1 ( M i l < ( ] ( ] i II l i s < ( ] 1 ( I l < ( | 2 5 (I ^ 

Pre challenge antibody titre ( l U ' m l ) 

• virus neutralisation test m mice (MNT) • lapid fluorescent focus inhibition test (RITIT) 

approximately 0% (precise data not given) 

F I G . 6 

Survival rate after challenge of laboratory dogs correlated 
with the level of rabies antibody reached before chal lenge 

Dogs were vaccinated with various vaccines and challenged one year 
after vaccination with NYC Ga, fox or skunk strains; the number of 

dogs in each class is written at the lop of the bars 
(27) 

Given the h igher suscept ibi l i ty of dogs t o d o g s t r a ins (e .g . N Y C G a ) , wh ich was 
p r o v e n by c io s s cha l lenge of dogs wi th h o m o l o g o u s a n d h e t e r o l o g o u s (fox) s t rains 
(15, 17), t he chal lenge with fox s t r a ins cou ld b e expec t ed t o be less severe. 
U n f o r t u n a t e l y , the d a t a are t oo sca ice t o pe rmi t a def in i t ive c o n c l u s i o n . 
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Natural infect ion of vaccinated dogs 

The n u m b e r of v a c c i n a t e d d o g s w h i c h b e c o m e n a t u r a l l y infec ted is re la ted t o 
several f ac to r s o t h e r t h a n vacc ine p o t e n c y , such as p r o b a b i l i t y of e n c o u n t e r i n g an 
infected an ima l , severity of b i tes , hea l th s ta tus a n d i m m u n e efficiency of t he vaccinated 
dogs, a n d h o s t v i rus a d a p t a t i o n . S u c h c o n s i d e r a t i o n s cou ld exp la in w h y vacc ina t ed 
dogs suffer r ab i e s m o r e o f t en in t h e c o u r s e of d o g r ab i e s enzoo t i c s t h a n d u r i n g fox 
rabies enzoot ics . In T h a i l a n d , 9 % of the dogs f o u n d posi t ive u p o n l a b o r a t o r y diagnosis 
had been v a c c i n a t e d w i t h i n t h e p r e v i o u s t w o years (39) . In Nige r i a , a survey of 2 ,500 
dogs vacc ina ted over t w o yea r s , s h o w e d t h a t a t least fou r died of rabies th ree t o eight 
months af ter v a c c i n a t i o n ( 1 , 2 ) . 

The fo l lowing r e a s o n s (16) for t h e fa i lure of i m m u n i t y m a y be sugges ted : 

i n a p p r o p r i a t e v a c c i n a t i o n w i t h i n a d e q u a t e l y s t o r e d o r i m p r o p e r l y in jec ted 
vaccine 

- v a c c i n a t i o n d u r i n g t h e i n c u b a t i o n of r ab ies or be fo re t he onse t of a n 
immunologica l r e s p o n s e 

- a h e a v y cha l l enge o v e r w h e l m i n g hos t defences 

- in t r ins ic i n c a p a c i t y in t h e h o s t . 

W h a t e v e r t h e o r ig ins of r ab i e s cases r e c o r d e d in vacc ina t ed d o g s , the i r n u m b e r 
seems relat ively l ow in a r e a s c o n t a m i n a t e d wi th fox rab ies (e .g . in E u r o p e ) (20). In 
France, on ly t en cases of so-cal led vacc ina t i on fai lures in dogs ( and four a m o n g cats) 
have been reg i s te red ove r a p e r i o d of t w e n t y - t h r e e years (6). Th i s n u m b e r s h o u l d be 
compared wi th t h e 4 ,250 ,000 cats a n d d o g s vacc ina t ed a n n u a l l y in F r a n c e (this f igure 
is based o n t h e a n n u a l n u m b e r of vacc ine doses so ld for d o m e s t i c ca rn ivo re s ) . T h e 
probabil i ty of a ca t o r d o g b e c o m i n g r a b i d if v a c c i n a t e d c a n be e s t ima ted as 
14/(23 x 4 , 2 5 0 , 0 0 0 ) , w h i c h is less t h a n 1 /6 ,980 ,000 . In F r a n c e , dogs in con t ac t wi th 
a rabid a n i m a l in a n e n z o o t i c a r e a a r e n o t sacr i f iced a n d can be kep t alive if, p r i o r 
to c o n t a m i n a t i o n , t h e y h a v e b e e n p r o p e r l y v a c c i n a t e d (with cer t i f icate a n d 
identif icat ion) . In s u c h cases , t h e a n i m a l s a r e i m m e d i a t e l y r e v a c c i n a t e d . A s tudy of 
more t h a n 3 ,500 d o g s w h i c h h a d close c o n t a c t s (bi tes in 3 6 % of cases) w i th foxes 
(mainly) or o the r ca rn ivores which were d i agnosed as r ab id by l abora to ry examina t ion , 
revealed t h a t o n l y t h r e e d o g s d e v e l o p e d r ab i e s (50) . T h e fa i lure r a t e in a n i m a l s wh ich 
were definitely contaminated c a n b e e s t i m a t e d as 3 / 3 , 5 0 0 , g iven t h a t in jec t ion of 
vaccine af ter c o n t a m i n a t i o n h a s b e e n s h o w n to p r o v i d e n o p r o t e c t i o n (20). It m u s t 
be emphas i sed t h a t t h e s e fa i lu res were r e c o r d e d be fo re 1984 a n d t h a t fa i lure is n o w 
less p r o b a b l e , g iven t h e gene ra l i s a t i on of a d j u v a n t e d vaccines for dogs . In t he U n i t e d 
States of A m e r i c a , f o u r r ab i e s vacc ine fa i lures were r e c o r d e d in cats a n d dogs in 1988 
with 33 ,182 ,575 v a c c i n a t e d d o m e s t i c c a r n i v o r e s t he s a m e year ( ra te - 1 /8 ,296,000) 
(34). 

Such e v a l u a t i o n s c o u l d b e usefu l in c o m p a r i n g t h e r i sks of v a c c i n a t i o n wi th t h o s e 
of q u a r a n t i n e . F o r even w h e n t h e y a r e s t r ic t ly m a n a g e d , q u a r a n t i n e s still enta i l a 
risk. Fo r i n s t a n c e , in m a n y c o u n t r i e s , t h e q u a r a n t i n e p e r i o d is six m o n t h s . H o w e v e r , 
longer i n c u b a t i o n p e r i o d s h a v e b e e n r e p o r t e d in d o g s (8 .5 m o n t h s af ter cha l lenge) 
(67) a n d in o t h e r c a r n i v o r e s (12 m o n t h s or m o r e for foxes) (57) . A c c o r d i n g t o Sasak i 
and colleagues (55), B e y n o n d e t e r m i n e d t h a t a q u a r a n t i n e per iod of n ine m o n t h s w o u l d 
be necessary t o de t ec t all cases of i n c u b a t i n g rab ies w i t h a 9 5 % degree of c o n f i d e n c e . 
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Cats with detectable Cats surviving 
Vaccination antibodies just before challenge 

challenge 

Five weeks before challenge 
ERA undiluted or diluted 1/10 19/19 19/19 
Inactivated virus vaccine undiluted or diluted 1/10 20/20 20/20 
ERA diluted 1/100 or 1/1,000 5/20 12/20 
HEP diluted 1/1,000 1/40 11/40 
Inactivated virus vaccine diluted 1/1,000 0/5 2 /5 
None 0/11 3/11 

Four years before challenge 
ERA 7/8 8/8 
None 0/8 1/10 

E R A ' Elizabeth (Gavnor) Rokitniki Abelseth 
H E P . high egg passage 

C o n c e r n i n g the inf luence of age , P r é c a u s t a a n d col leagues (53) desc r ibed t he good 
neu t ra l i s ing a n t i b o d y r e sponse ach ieved by t h r e e m o n t h - o l d k i t t e n s , even t h o s e b o r n 
of i m m u n e q u e e n s . 

T o oui knowledge , B l ancou a n d col leagues (18, 19) a re t h e on ly a u t h o r s w h o have 
tes ted vacc ina t ion resul t s on o w n e d cat p o p u l a t i o n s . Pe t ca ts a p p e a r e d t o r e s p o n d 
well to the a d m i n i s t r a t i o n of an a d j u v a n t e d vacc ine . I n c o n t r a s t , t h e s a m e a u t h o r s 

S T U D I E S I N C A T S 

N E U T R A L I S I N G A N T I B O D I E S A F T E R V A C C I N A T I O N 

A l t h o u g h fewer s tudies have been c o n d u c t e d on vacc ina t ion of cats aga ins t rabies , 
several of t h e cha rac te r i s t i c s o b s e r v e d in d o g s w e r e a l so o b s e r v e d in ca t s : 

the kinetics of neut ra l i s ing an t ibod ie s fo l low the s a m e prof i le in t h e t w o species 

(8, 2 3 , 64) 

the r e l a t ionsh ip b e t w e e n t h e p o t e n c y of vacc ines a n d t h e level of neu t ra l i s ing 
an t ibod ie s : L a w s o n a n d co l leagues (44) h a v e s h o w n t h a t t h e less d i lu t ed mod i f i ed 
live vaccines i n d u c e d t h e h ighes t r a t e of s e r o c o n v e r s i o n in v a c c i n a t e d ca ts (Tab l e IX) 
b u t L a z a r o w i c z a n d col leagues (45) o b t a i n e d n o c o r r e l a t i o n o f t he an t igen i c va lue 
of inac t iva ted virus vaccines as d e t e r m i n e d b y the N I H test a n d m e a n neu t r a l i s ing 
a n t i b o d y titres in vaccinated ca ts ; however , as for d o g s , it is necessary t o t a k e accoun t 
of the fact t h a t t he p r o d u c t i o n of a n t i b o d i e s ( a n d p r o t e c t i o n aga ins t chal lenge) 
o b t a i n e d after a d m i n i s t r a t i o n of live vi rus vacc ine (44) a n d i n a c t i v a t e d v i rus vacc ine 
(45) can s h o w grea t d ivergence a n d a r e n o t r ead i ly c o m p a r a b l e 

the grea te r efficacy of i n t r a m u s c u l a r v a c c i n a t i o n (59) ( T a b l e X ) . 

T A B L E I X 

Laboratory cats: intramuscular vaccination with various vaccines, 
challenge with rabies virus fox strain five weeks and four years 

after vaccination 
(44) 



749 

T A B L E X 

Laboratory cats: intramuscular vaccination with tissue culture 
adjuvanted vaccine, challenge with rabies virus NYC-Ga strain 

one to three years after vaccination 
(59) 

Vaccination Cats with detectable antibodies 
just before challenge 

Cats surviving 
challenge 

One year before challenge 
Yes (subcutaneous) 5/5 5/5 
No 0/4 0/4 

Three years before challenge 
Yes (intramuscular) 25/25 24/25 * 
N o 0/10 1/10 

* Pr ior to challenge, the cat which died of rabies had an ant ibody titre of 1/2 (endpoint neutralising 
dilution) 

obtained mi ld o r ze ro neu t r a l i s ing a n t i b o d y re sponses w h e n vacc ina t ing cats s a m p l e d 
from stray p o p u l a t i o n s in F r a n c e . W i t h s t ray ca t s , t h e w o r s t resul t was o b t a i n e d wi th 
non-ad juvan ted vacc ine s : 5 of 9 i nd iv idua l s d id n o t r e s p o n d (Fig. 7) . 

non adjuvanted vaccine 
(2 injections) 

Inf luence of the breeding standards of cats o n the level of 
rabies ant ibody reached one year after vacc inat ion 
Compar ison between laboratory cats, pet cats in France 

and stray cats in Tunisia 
(19) 

adjuvanted vaccine 
(1 injection) 

FIG. 7 

laboratory cats pet cats stray cats 
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L E V E L O F N E U T R A L I S I N G A N T I B O D I E S 
A N D R E S U L T O F C H A L L E N G E 

Challenge under laboratory condi t ions 

A l t h o u g h t h e r e a r e few field s tud ies o n t h e i m m u n i t y of pe t o r s t r ay cat 
p o p u l a t i o n s , t h e r e a r e n u m e r o u s l a b o r a t o r y s tud ies o n cha l l enge o f v a c c i n a t e d cats 
(Tables I X to X I I ) . 

T A B L E X I 

Laboratory cats: subcutaneous vaccination with 
tissue culture vaccine, challenge with rabies virus NYC-Ga strain 

3.4 to 3.7 years after vaccination 
(64) 

Vaccination 
Cats with antibodies 

> 0 . 5 IU/ml 0-6 months 
before challenge 

Cats surviving challenge 
Vaccinated Controls 

Non-adjuvanted vaccine 
Adjuvanted vaccine 
Adjuvanted vaccine 

8/8 
5/5 
8/11 

8/8 0/5 
5/5 0/5 

10/10 1/10 

T A B L E X I I 

Laboratory cats: challenged with rabies virus NYC-Ga strain 
four to six-and-a-half months after vaccination 

(42) 

Vaccination 
Cats with antibodies C a t s s u r v j v i c h a , i e n g e 

> 0 . 5 IU/ml 
just before challenge Vaccinated Controls 

Inactivated virus in cell culture 
antigenic value 0.9 * 8/8 7/8 -= 
antigenic value 1.8 " 5/8 8/8 0/16 

Modified live virus 
ERA 2/8 3/8 > 

measured by the N I H test, expressed in I U / d o s e 
The cat which died of rabies had a pre-challenge titre of 5 34 I U / m l 
The cats which died of rabies had the lowest ant ibody titres 

E R A . Elizabeth (Gaynor) Rokitniki Abelselh 

Cha l l enge was p e r f o r m e d wi th a d o g s t ra in ( N Y C - G a ) m i m i c k i n g the s i tua t ion 
of can ine s t reet rab ies (42, 6 1 , 64) o i , in o t h e r e x p e r i m e n t , a fox s t r a in m i m i c k i n g 
the s i tua t ion of sylvatic fox rab ies in c o n t i n e n t a l E u r o p e (38 , 44) . W i t h b o t h s t ra ins , 
the genera l conc lus ion was t he s a m e as for d o g s : t h e p r o b a b i l i t y of a ca t surviving 
cha l lenge can be p red i c t ed by the level of n e u t r a l i s i n g a n t i b o d i e s . O f course , 
u n e x p e c t e d d e a t h s can o c c u r : K i h m a n d co l l eagues (42) r e p o r t e d a r ab i e s d e a t h in 
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a cat which h a d a p r e - c h a l l e n g e t i t r e of 5.34 I U a n d B l a n c o u a n d col leagues (18) in 
another cat w i t h a p r e cha l l enge t i t re of 0 .87 I U / m l . 

The c u m u l a t i v e cha l l enge resul t s o n ca ts r e p o r t e d by B u n n (26, 27) a r e descr ibed 
in Figure 8 a n d T a b l e s X I I I a n d X I V . W i t h a neu t r a l i s ing a n t i b o d y level of m o r e 
than 0.1 I U ( m e a s u r e d by M N T ) o r m o r e t h a n 0 .2 I U ( m e a s u r e d by R F F I T ) , all of 
the cats surv ived c h a l l e n g e . 

Pre challenge antibody titre (IU/ml) 

virus neutralisation test in mice (MNT) • rapid fluorescent focus inhibition test (RFFIT) 

approximately 2 0 % (precise data not given) 

F I G . 8 

Survival rate after chal lenge of laboratory cats correlated with 
the level of rabies ant ibody reached before challenge 

Cats were vaccinated with various vaccines and challenged one year 
after vaccination with NYC-Ga, fox or skunk strains; the number of 

cats in each class is written at the top of the bars 
(27) 

Natural infect ion of vaccinated cats 

The safe ty p r o b l e m a s s o c i a t e d w i t h t h e recep t iv i ty of ca ts t o live v i rus vacc ines 
such as F l u r y L E P a n d H E P o r S t ree t A l a b a m a D u f f e r i n ( S A D ) s t r a in vacc ines will 
not be reviewed h e r e (11) . B u t it s h o u l d be r e m e m b e r e d t h a t whi le ca ts a re t he species 
with t he la rges t n u m b e r of r ab i e s cases d i rec t ly i n d u c e d by the i n o c u l a t i o n of live 
modified v i rus s t r a i n s , o t h e r species s u c h as dogs a n d foxes a r e a lso recep t ive (72). 
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T A B L E X I I I 

Challenge results from rabies immunogenicity tests conducted 
in dogs and cats with vaccines approved for use 

in the United States of America 

(27) 

Vaccine < 5 5-9 
Antibody titre 

10-19 

* 

20-39 SÏ 40 

Flury modified live vaccine 1/50 ** 0/16 0/26 0/15 0/40 

SAD modified live vaccine 5/55 3/36 1/41 0/35 1/188 

SAD inactivated virus, 21/156 2/63 1/116 0/79 0/150 

tissue culture origin 

Pasteur inactivated virus, 5/44 1/45 0/38 0/32 0/76 

tissue culture origin 

Pasteur inactivated virus, 13/133 2/62 5/73 1/34 0/164 

nervous tissue origin 

* ant ibody titres expressed as 5 0 % endpoint neutralising dilutions established by either the virus neutralisation test 

in mice (MNT) or the rapid fluorescent focus inhibition test (RFFIT) 

dead/chal lenged 

SAD: Street A labama Dufferm strain 

T A B L E X I V 

Neutralising antibody titres in dogs and cats 
and protection from challenge with rabies virus 

(26) 

Animals Antibody 
test < 5 5-9 

Antibody titre * 
10-19 20-39 ^ 4 0 

Dogs MNT 56/251 *- 9/100 9/92 1/63 0/171 
RFFIT 84/241 13/112 9/119 0/87 0/201 
Total 140/492 22/212 18/211 1/150 0/372 

Cats MNT 25/155 5/57 5/94 0/33 0/144 
RFFIT 17/87 3/59 1/62 1/49 1/187 
Total 42/242 8/116 6/156 1/82 1/331 

* antibody titres expressed as 50% endpoint neutralising dilutions established by either the virus neutralisation test 
in mice (MNT) or the rapid fluorescent focus inhibition test (RFFIT) 

- dead/chal lenged 

Inac t iva t ed vi rus vaccines a r e e m p l o y e d o n ca ts as they a r e m o r e efficient in 
p ro t ec t ing t he species aga ins t n a t u r a l cha l l enge . H o w e v e r , c o n s i d e r i n g t h e resul ts of 
challenge exper iments on vaccinated cats , n a t u r a l infect ion a m o n g vacc ina t ed pet cats 
is suspec ted t o be as f r equen t as for v a c c i n a t e d d o g s . B u t i n v e s t i g a t i o n s o n rab ies 
cases in vacc ina ted ca ts a re sca rce : a p a r t f r o m t h e fou r cases r e p o r t e d in F r a n c e (6) 
the re a p p e a r to be n o o t h e r r e p o r t s . T h i s d i s c r e p a n c y is d u e t o t h e fact t h a t dogs 
h a v e been s tudied cons ide rab ly m o r e t h a n c a t s . 
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T H E S I G N I F I C A N C E O F N E U T R A L I S I N G A N T I B O D I E S 
I N N O N - V A C C I N A T E D C A R N I V O R E S 

Non-specific and specif ic neutralising factors 

Selcine and colleagues (58) found that sera of normal rabbits and guinea-pigs contained 
non-specific inhibi tors capab le of neutral is ing the virus in the presence of complemen t . 
In a well-conducted seroneut ra l i sa t ion o n mice , inact ivat ion of sera is pe r fo rmed for 
30 minutes at 56°C . Virus inhibit ion by other substances was described in infected skunks 
and foxes (74). Infec t ion by mycobac te r i a , e.g. Bacillus Ca lmet te -Guér in (BCG) , can 
also induce the p roduc t ion of rabies neutralising antibodies in mice and provide protection 
against rabies in a n u m b e r of an imals (70). Since m o r e specific immunolog ica l tests 
(such as enzyme- l inked i m m u n o s o r b e n t a s say : E L I S A ) have b e c o m e widespread, 
non-specific neut ra l i s ing factors have no t genera ted further scientific repor t s . 

In e n d e m i c a r e a s , s e r o s u r v e y s in wi ld ca rn ivo re s d e m o n s t r a t e d a h igh p r o p o r t i o n 
of apparen t ly h e a l t h y i n d i v i d u a l s w i t h neu t r a l i s ing a n t i b o d i e s in s e r u m (54, 71) a n d 
it has been sugges ted t h a t t he se a n t i b o d i e s m a y h a v e b e e n p r o d u c e d fo l lowing c o n t a c t 
with virus f r o m o t h e r species a n d w e r e , t h e r e f o r e , i m m u n i s i n g b u t r a re ly fa ta l (12) . 
However, t he s a m e o b s e r v a t i o n s h a v e also b e e n r e p o r t e d for d o g p o p u l a t i o n s in a reas 
where d o g r ab i e s is e n d e m i c : in T h a i l a n d , in a r ea s w h e r e n o can ine v a c c i n a t i o n 
p rog ramme h a s ever b e e n c o n d u c t e d , 1 5 - 2 0 % of dogs h a d neu t r a l i s ing a n t i b o d i e s , 
yet r ema ined pe r fec t ly n o r m a l w h e n o b s e r v e d for p r o l o n g e d p e r i o d s (75); s imi lar 
results h a d a lso b e e n r e p o r t e d p r e v i o u s l y in o t h e r coun t r i e s of A s i a a n d in Af r i ca 
(3, 36). T h e s e o b s e r v a t i o n s c o r r e l a t e w i t h t h e h igh p r o b a b i l i t y of in t e r - ind iv idua l 
con tamina t ion w i t h i n t h e r e se rvo i r species , w h i c h is n o t t h e case for pe t p o p u l a t i o n s 
in areas w h e r e r a b i e s is e n d e m i c . T h e poss ib i l i ty of n o n fa ta l c o n t a m i n a t i o n of dogs 
by non-can ine s t r a ins (e .g . t h o s e f r o m wild a n i m a l s l iving in t he reg ion) has also been 
proposed (20) . Seve ra l q u e s t i o n s t h u s ar i se r e g a r d i n g : 

a) the specifici ty of s e r u m t i t r a t i ons a n d the t h r e s h o l d level for p r o t e c t i o n aga ins t 
rabies 

b) t he poss ib i l i ty o f r a b i e s o u t b r e a k s in n a t u r a l l y s e r o c o n v e r t e d d o g s , a n d the 
interval b e t w e e n s e r o c o n v e r s i o n a n d t h e onse t of cl inical s y m p t o m s . 

Rabies infect ions 

The viral in fec t ion t r iggers t h e p r o d u c t i o n of neut ra l i s ing an t ibod ies . W h e n a h igh 
dose of r ab i e s v i ru s r e a c h e s t h e c e n t r a l n e r v o u s sys t em, neu t r a l i s ing a n t i b o d i e s a re 
not de tec tab le b e f o r e o r a t t h e onse t of cl inical s igns; t h e y a re usua l ly i n d u c e d by 
longer i n c u b a t i o n p e r i o d s . T h i s p h e n o m e n o n h a s b e e n s tud ied m a i n l y in l a b o r a t o r y 
rodents , w h i c h s u p p l y t h e chief m o d e l of r ab ies i m m u n o p a t h o l o g y (49, 73) . 
Unfo r tuna te ly ( b u t n o t su rp r i s i ng ly , c o n s i d e r i n g the diff icul ty of h a n d l i n g r a b i d 
carnivores) , t h e r e a p p e a r s t o b e n o l i t e r a tu r e o n t h e f r equency a n d in tens i ty of 
neutralising a n t i b o d y p r o d u c t i o n in n o n - v a c c i n a t e d infected cats a n d dogs . S o m e d a t a 
can be f o u n d in a r t ic les b y A r t o i s a n d co l l eagues (4), B l a n c o u a n d co l leagues (17) 
and F e k a d u (36) r e g a r d i n g l a t e n t o r a b o r t i v e r a b i e s . 

Bell a n d co l l eagues (10) p r o v e d t h a t d o g s w h i c h r e c o v e r e d f r o m rab ies af ter 
in t racerebral i n o c u l a t i o n of h o m o l o g o u s s t r a in s , h a d h igh t i t res of neu t r a l i s ing 
ant ibody in t h e c e r e b r o s p i n a l fluid as well as in s e r u m a n d r e t a i n e d these t i t res for 
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several m o n t h s , whe rea s v a c c i n a t e d d o g s d id no t h a v e h i g h c e r e b r o s p i n a l fluid t i t res . 
M u r p h y a n d co l leagues (48) d e m o n s t r a t e d t h e s a m e p h e n o m e n o n in c a t s . 

Bell a n d col leagues (9) were t h e first t o a p p l y c e r e b r o s p i n a l fluid t i t r a t i o n for an 
ep idemio log ica l su rvey . O f 120 d o g s s a m p l e d in a n a r e a w h e r e r a b i e s w a s enzoo t i c 
(Buenos Ai res ) , n o n e was f o u n d to be pos i t ive ; t h u s , it c a n n o t be c o n c l u d e d t h a t n o n 
fa ta l rab ies is c o m m o n . 

B lenden a n d col leagues (21) h a v e sugges ted t h a t t h e k ine t i cs o f a n t i b o d y levels 
in b l o o d a n d ce r eb rosp ina l fluid s h o u l d b e c o m p a r e d , t o d e t e r m i n e w h e t h e r specific 
an t i bod i e s have been p r o d u c e d by in fec t ion o r b y i m m u n i s a t i o n . W i t h o u t a b o o s t e r 
after a first b l o o d a n d cerebrosp ina l s amp l ing , t h e a n t i b o d y level s h o u l d r e m a i n stable 
in cases o f i m m u n i s a t i o n , o r i nc rease in cases of i n f ec t i on . In fac t , such p r o c e d u r e s 
have never been rou t ine ly used a n y w h e r e . I n d e e d , g iven the va r iab i l i ty of t h e t i t ra t ion 
tes t , the c o n s t a n c y of a n a n t i b o d y t i t re over t i m e is diff icul t t o verify even in a 
vacc ina ted a n i m a l . 

Given the lack of ea s i l y -pe r fo rmed e x p e r i m e n t a l m e t h o d s , t h e on ly bas i s for 
cons ide r ing t h a t a n ind iv idua l d o g o r ca t pos se s s ing r a b i e s n e u t r a l i s i n g a n t i b o d i e s 
h a s been vacc ina ted is g o o d i nd iv idua l i den t i f i ca t i on a n d ce r t i f i ca t ion . 

D I S C U S S I O N 

L a b o r a t o r y c o n d i t i o n s desc r ibed in t h e cha l l enge of v a c c i n a t e d ca t s a n d dogs 
genera l ly a p p e a r m o r e severe t h a n n a t u r a l c o n d i t i o n s of cha l l enge in t h e field. In 
n o r m a l p rac t i ce , expe r imen te r s use ex t r eme ly l ong in t e rva l s b e t w e e n v a c c i n a t i o n a n d 
chal lenge ( three t o five years) a n d h igh v i rus doses i nvo lv ing 1 0 0 % m o r t a l i t y in 
c o n t r o l s . In a reas c o n t a m i n a t e d by fox r a b i e s , n a t u r a l cha l l enge is n o t as severe for 
dogs a n d this cou ld c o m p e n s a t e for t h e fact t h a t t h e h e a l t h s t a t u s of pe t s m a y be 
lower t h a n t h a t of dogs b r e d in t he l a b o r a t o r y . E p i d e m i o l o g i c a l o b s e r v a t i o n is by 
far t h e m o r e i m p o r t a n t ev idence ; in c o n t i n e n t a l E u r o p e , r a b i e s v a c c i n a t i o n of cats 
a n d dogs is so efficient t h a t w h e r e t he a n n u a l r isk of a fa ta l case of r ab ies h a s been 
eva lua ted for a vacc ina ted pe t , this risk is m i n u t e ( 1 / 6 , 9 8 0 , 0 0 0 ) . It is a l so n o t e w o r t h y 
tha t in cont inenta l E u r o p e , fox rabies h a s never been p r o p a g a t e d by domes t i c animals 
f rom a n enzoo t i c a r ea t o a free o n e even if a d m i n i s t r a t i v e rules conce rn ing 
c o m p u l s o r y c o n f i n m e n t , l eash ing or v a c c i n a t i o n h a v e s o m e t i m e s been b r o k e n ei ther 
de l ibera te ly or by t h e s imple fact t h a t r a b i d pe t s h a v e e s c a p e d f r o m the i r o w n e r s . 

If a neu t ra l i s ing a n t i b o d y t i t r a t i o n was r e q u i r e d for cer t i fy ing the i m m u n o l o g i c a l 
capac i ty of vacc ina t ed a n i m a l s , t w o ques t i ons w o u l d ar ise r e g a r d i n g : 

a) t he choice of t e chn iques for a n t i b o d y t i t r a t i o n 

b) t he def in i t ion a n d a c c e p t a n c e of a m i n i m u m a n t i b o d y t i t re cons ide red as 
p r o v i d i n g p r o t e c t i o n aga ins t r ab ie s . 

A general analysis of challenge exper iments leads to the conc lus ion that neutral is ing 
a n t i b o d y l i t res enab le p red ic t ion of survival m o i e of ten o n a qua l i t a t i ve basis 
( i .e . D o the a n i m a l s have de tec t ab le neu t r a l i s ing a n t i b o d i e s or n o t ? ) t h a n on a 
q u a n t i t a t i v e bas i s . T h i s fact b e c o m e s a p p a r e n t w h e n o n e t r ies t o d e t e r m i n e a 
" p r o t e c t i v e " th resho ld . F o r this p u r p o s e , ei ther m e t h o d of se roneu t ra l i sa t ion ( R F F I T 
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or M N T ) can b e e m p l o y e d , p r o v i d e d a co r r e l a t i on be tween the t w o m e t h o d s has been 
demons t r a t ed in t h e s a m e l a b o r a t o r y (14, 66) . 

A g r e e m e n t s o n t h e i n t e r n a t i o n a l t r a n s f e r of d o g s a n d ca ts co u l d b e f o r m u l a t e d , 
therefore, b a s e d o n a d e s i g n a t e d m i n i m u m level of neu t ra l i s ing a n t i b o d i e s , a n d co u l d 
be p roposed as a n a l t e rna t ive t o q u a r a n t i n e m e a s u r e s . T h e des igna ted th re sho ld cou ld 
be based o n t h e resu l t s p r e s e n t e d in th is s t u d y . T h e secur i ty of t h e p r o t e c t i o n 
const i tuted by th i s t h r e s h o l d w o u l d b e i nc r ea sed by t h e ex ten t t o w h i c h it excedes 
the level r ecogn i sed as effect ive aga ins t e x p e r i m e n t a l cha l l enge in ca ts a n d dogs 
(0.1 I U / m l a n d 0 .2 I U / m l , respec t ive ly , m e a s u r e d by R F F I T ) . 

A C K N O W L E D G E M E N T 

T h e a u t h o r w i shes t o e x p r e s s h i s g r a t i t u d e t o D r J . B l a n c o u for k ind ly revis ing 
the m a n u s c r i p t of th i s p a p e r . 

* 

SIGNIFICATION PRATIQUE DES ANTICORPS RABIQUES CHEZ LE CHAT ET LE 
CHIEN. M.F.A. Aubert. 

Résumé : Le rôle protecteur des anticorps sériques neutralisant le virus rabique 
a parfois été mis en doute. Mais même si les patients ou les animaux qui meurent 
de rage peuvent produire des anticorps à des titres élevés, même si des cas de 
rage ont été décrits chez des animaux préalablement vaccinés et même si la 
composante cellulaire de l'immunité peut participer pour une bonne part à la 
protection, un très grand nombre d'expériences de laboratoire et d'observations 
de terrain prouvent que les chats et les chiens qui ont produit des anticorps 
neutralisants spécifiques après la vaccination et avant l'épreuve virulente ont 
une probabilité très élevée de survivre à une épreuve virulente, quelle que soit 
la dose ou la souche virale utilisée. 

En conséquence, le titrage des anticorps neutralisant le virus rabique peut 
constituer une garantie supplémentaire au certificat de vaccination des carnivores 
domestiques lors des transferts internationaux. Les modalités de quarantaine 
devraient aussi être adaptées aux données épidémiologiques de la rage qui sévit 
dans le pays d'origine de ces carnivores. Ces données peuvent être, par exemple, 
les statistiques des échecs vaccinaux chez ces espèces ainsi que le caractère 
d'adaptation aux différentes espèces hôtes, des souches de virus rabique qui 
circulent dans ces pays. 

MOTS-CLÉS : Anticorps neutralisant Chat Chien Rage - Survie à l'épreuve. 

SIGNIFICADO PRÁCTICO DE LOS ANTICUERPOS ANTIRRÁBICOS EN EL GATO 
Y EL PERRO. M.F.A. Aubert. 

Resumen: Los anticuerpos antirrábicos seroneutralizantes han sido a menudo 
sospechados de no conferir una buena protección contra la rabia. Es cierto que 
en los casos humanos y animales de muerte por rabia, los sujetos pueden producir 
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altos índices de anticuerpos; se han observado también casos de rabia en animales 
que habían sido previamente vacunados; enfin, la inmunidad celular puede 
efectivamente actuar sobre la pr otección. Sin embargo, a pesar de estos hechos, 
numerosas pruebas de laboratorio y observaciones de campo han demostrado 
que los gatos y perros que producen anticuerpos neutralizantes específicos 
después de haber sido vacunados y antes de ser sometidos a la prueba virulenta, 
tienen probabilidades muy altas de sobrevivir a dicha prueba, cualquiera sea 
la dosis o la cepa viral empleada. 

Por lo tanto, además del certificado de vacunación, la indicación de los títulos 
de anticuerpos neutralizantes anturábicos puede constituir una garantía adicional 
durante el transporte internacional de carnívoros domésticos. Las medidas de 
cuarentena igualmente deben sei adaptadas a la situación epidemiológica de 
la rabia en el país de origen de los animales. Los datos epidemiológicos relevantes 
son, por ejemplo, las estadísticas relativas a los fracasos de la vacunación en 
dichas especies, así como las características de adaptación de las cepas de virus 
rábico existentes en esos países a diferentes especies huéspedes. 

PALABRAS CLAVE: Anticuerpos neutralizantes - Ga to Perro - Rabia -
Resistencia a la prueba. 
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