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OBJECTIVE: To develop a gel-diffusion test to detect gnathostomal antibody in  laboratory animals and 
humans and to  document the immune response o f  these hosts to active infections with this nematode. 

BACKGROUD: Methods of transmission and reservoir hosts for  Gnathostoma spinigerum have been well 
documented ( 1 ). Although some work has been done with this nematode using precipitin r ing tests and 
the Sarlis phenomenon, methods o f  detecting gnathostomiasis have not been completely worked out (2, 3) .  
In the present study, detection o f  an anti-gnathostome antibody in cats and rats ar t i f ic ia l ly  infected with 
G. spinigerum i s  reported. 

DESCRIPTION: Two studies were conducted to  determine whether a suitable G. spinigerum antigen could be 
successfully extracted from advanced third-stage larvae, and to see i f  this antigen could be used satisfactorily 
in detecting anttbody in ar t i f ic ia l ly  infected rats and cats. 

Parasite Antigen Source: Material used to prepare the antigen was obtained f rom experimentally Infected 
mice harboring G. spinigerum third-stage larvae. The mice were exsanguinated or al lowed to  die and the 
larvae dissected immediately f rom the tissues and placed in phosphate buf fered saline (PBS), pH 7.5. This  
material was freeze-dried and stored until needed for  antigen preparation. 

Preparation of the Antigen: ~reeze-dr ied  G. spinigerum third-stage larvae were weighed out in  500 gm 

portions, placed in a glass homogenizer and de-l ipidized with absolute alcohol and anhydrous ether. 
Following de-lipidization the homogenate was extracted by constant stirring a t  2-5°C in PBS (pH  7.5) 
overnight. The extracted material was then centrifuged at 15,000 rpm for  15 min and the resulting 
supernate used as the antigen. 

Double-Diffusion Test: The double-diffusion test was conducted by  the method o f  Ouchterlony ( 4 ) .  
Hyperimmune serum for  use as a positive control was obtalnd from rabbits (5, 6 )  immunized with the 

antigen extracted from advanced third-stage G. spinigerum larvae. Equal portions o f  antigen and rat  or 

cat serum were then added to the reaction chambers and allowed to react fo r  2-5 days before recording 
results. 

EXPERIMENT NUMBER O N E  : 

PROGRESS: Five hundred rats were each infected oral ly with ten G. spinigerum third-stage larvae obtained 
f rom exsanguinated donor mice. Experimental rats were ki l led in pairs every two days and the serum 

tested for  anti-gnathostome antibody using immuno-diffusion with the advanced third-stage larval  extract 
as the antigen. 

Anti-gnathostome antibody was detected as early as 13 days (Table 1 ) af ter  infection and could stil l be 
detected as long as 1 5 1  days after infection. In rodents G. spinigerum rarely develops past the third- 

stage larval  phase. Since the third-stage larvae were used as the antigen in this experiment, the positive 

reactions observed i n  the gel-diffusion test were presumably due to  antibodies developed against 
G. spinigerum la rva l  forms. 
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Table 1. The immune response o f  experimentally infected rats harboring G. spinigerum third stage larvae 

DAYS I 0 

DAYS 

DAYS 8 7  

RAT # 1 87  / 88 

DAYS 113  

RESULTS 71: 
DAYS 149  

RAT # 1 1 4 9 / 1 5 ~  

RESULTS I + / - 

DAYS AFTER INFECTION WITH G. SPINIGERUM 

N.S. = NO SAMPLE 



Table 2. Immuno-Diffusion Results on G. Sp~nigerurn In fected Cats 

DATE 

28 Sep 7 3  

5 O c t  7 3  

1 2  O c t  7 3  

1 9  O c t  7 3  

26 O c t  7 3  

2  Nov 7 3  

9  Nov 7 3  

16 Nov 7 3  

22  Nov 7 3  

30  Nov 7 3  

14 Dec 7 3  

21 Dec 73  

28 Dec 73  

1 Jan 7 4  

11 Jan 7 4  

18 Jan 7 4  

25  Jon 7 4  

4  Feb 7 4  

8  Feb 7 4  

1 5  Feb 7 4  

22  Feb 74 

1  Mar  7 4  

7  Mar  7 4  

CAT # 1 2 0  

( inf.  Apr  and May  7 2 )  

Positive 

Positive 

Postitve 

Postitve 

Postitve 

Post i tve 

Postitve 

Positive 

Positive 

Negative 

Negat ive 

Negative 

Negative 

Negative 

Negat ive 

Negat ive 

Negative 

Negat ive 

Negative 

Negative 

Negat ive 

Negat ive 

Ki l led 

CAT # 132  

( inf.  Feb and Aug 73)  

Positive 

Positive 

Positive 

Positive 

Posit ive 

Positive 

Positive 

Positive 

Positive 

Positive 

N o  specimen 

Negat ive 

Negat ive 

Negative 

Negat ive 

Negat ive 

Negat ive 

Negat ive 

Negat ive 

Negat ive 

Negative 

Negative 

CAT # 135 

( in f .  Jul 73)  

N o  specimen 

Posit ive 

Positive 

Positive 

Positive 

Negat ive 

Negat ive 

Posit ive 

Nega i i ve  

Negat ive 

Negat ive 

Negat i ve  

Negat ive 

Negat i ve  

Negat i ve  

Negat ive 

Negat i ve  

Negat i ve  

Negat i ve  

Negat i ve  

Died 



Table 3. Necropsy Results on G. Spinigerum Infected Cats 

Total 

Larvae 

1 2 0  

Diaphragm 

Muscle 

- 

6" 

* A l l  Immature Adults 

Right  hind 

leg  

Fat Muscle 

- 4 1 5  

Comparat ive studies using sera f r o m  rabbi ts  immunized wi th  crude antigen and  sera f rom act ive ly  in fected 
r a t s  ind icated that  ant ibodies were present against the third-stage la rva l  ant igen i n  both, although specific 
sero log ica l  ident i ty  has yet t o  be proven (Fig. 1, 3 ) .  In  one rabb i t  (Number 5 )  a minimum o f  three 
d is t inct  prec ip i t in  bands could be detected whi le in  the r a t  model only t w o  have been detected thus far .  
In  the rat,  this second band f i r s t  appeared 7 1  days a f te r  in fect ion and may b e  due t o  ant ibody against 
ant igen released dur ing the worms' maturation. 

Back 

Fat Muscle 

1 1  

U p  t o  now i t  has not been conclusively demonstrated that the ant ibody detectable in  the r a t  system i s  
i den t i ca l  t o  that  seen i n  the contro l  rabb i t  but  present evidence suggests they a r e  the same. 

Stomach 

- 

Tumor 

- 

Lef t  hind 

leg 
-- - 

Fat Muscle 

2 7 

EXPERIMENT NUMBER T W O  : 

32' - - - - 

Abdomen 

Fat Muscle 

5 1 

PROGRESS: Three adul t  cats ( 120, 1 3 2  and 1 3 5 )  were selected fo r  the study. Cats 120 and 132 had 
been in fected previousy fo r  d i f fe ren t  experiments i n  Apr i l  and M a y  1972 and i n  February and August 1 9 7 3  
a n d  had bo th  previously shown G. spinigerum ova i n  their stools. Cat 135  had never been used be fo re  
a n d  served as a post ive control .  Cat 135 was in fected on 17 July 1973 f o r  the f i rs t  t ime with 2 0 5  
th i rd-s tage larvae, 155 la rvae b y  act ive skin penetrat ion and 5 0  b y  ora l  administration. Weekly bleedings 
o n  a l l  the cats except 135  were commenced on 2 8  s e ~ t e m b e r  1973 and have been continued t o  the 
present (Tab le  2) .  Cat  120  which had a l ready been infected f o r  'almost 1 year and 10 months demon- 
s t ra ted posi t ive double-d i f fus ion tests on the f i r s t  d a y  o f  bleeding. ~ i m i l a r l y ,  cats 132  and 135 which 
h a d  been more recently infected showed posi t ive results (Table 2 ) .  Positive results were obta ined i n  cat  

1 3 2  and 1 2 0  u n t i l  November 1973. Cat 135 f i rs t  become negative on  2 November 1973  although one 
more posi t ive immuno-diffusion test was obta ined on 16  November 1973. This cat  then became negative 

a n d  remained SO unt i l  his death on 15  February 1974. A t  necropsy o f  cat 1 3 5  we found only immature 

a d u l t  stages o f  G. spinigerum (Tab le  3 ) .  G. spinigerurn ova were never recovered f rom the stools o f  ca t  
135 ,  ru l ing out  the possibi l i ty of  adul t  nematodes i n  the stomach. 

Cats 1 2 0  and 132,  which were previously infected, produced results similar t o  c a t  135 except that they 
w e r e  posit ive in  the gel-diffusion test f o r  a longer period o f  t ime (Table 2 ) .  Cat 1 2 0  wos sacri f iced 
t o  determine i f  i t  also harbored the immature adu l t  o r  the adult  stages o f  this parasite because matura- 

t i o n a l  stage differences i n  this case may have been responsible fo r  the negat ive ge l -d i f fus ion  tests 
observed. A t  necropsy a l l  the worms found were encysted advanced third-stage la rva l  forms, even though 
1 year and  10 months had elapsed since last exposure t o  in fect ion (Tab le  3 ) .  This development i s  

notewortny,  since, once the de f in i t i ve  host becomes infected, the advanced third-stoge la rvae  usually 
d e v e l o p  in to immature adults within few months. A l l  the larvae found i n  cat  1 2 0  had become encysted 

- - - 7*  1 -  - 



PREClPlTlN REACTION USING RABBIT, RAT, AND CAT ANTISERA 

AGAINST G, SPINIGERUM THIRD-STAGE LARVAL ANTIGEN 

Fig. 1 

Fig. 2 

Fig. 3 

Fig. 4 

u - 
Rabbit X 5  0)(@(0 Robbit d 5 - - 

0 
Rabbit # 5 

-- - 
Rat  Serum 

Day 71 

0 
Rabbit # 5 

Rabbit#S 

0 - - 
c a t  Serum O ~ G I O  Cat Serum 
30 Nov. 73 - - 30 Nov. 73 - 



and were not act ively migrating. To date, cat 132 remains negative in gel-diffusion tests, although he 
has been positive fo r  gnathostome eggs in the stool since Feb 1974 

DISCUSSION: The double-diffusion test appears to be helpful in detecting third-stage larval  infections 
in the rat  host. The nature of the specific antibody being detected i s  presently unknown. The abil i ty to  
detect antibody aginst the third-stage larvae o f  this parasite for  as long as 151 days in the r a t  i s  
interesting. The technique may be applicable in human infections where the third-stage larval  parasite i s  
present. The negative double-diffusion test results in  cat 135 after November 1973 may have been duo 
to  differences in  the antigenic stimulus being presented after the advanced third-stage larvae molted into 
immature adult forms. A definit ive answer as to whether there are quali tat ive antigenic differences 
between the di f ferent  stages o f  this parasite could be obtained by further study. Negative gel-diffusion 
results in cat 120 af ter  November 1973 may have been because the encysted larvae were no longer 
provid ing sufficient stimulus for  the level o f  precipitating antibody to  be detectable by  immuno-diffusion. 
This theory i s  supported by  the fact  that cats 121, 122, and 123, infected in  July 1973 fo r  purposes other 
than our experiment, showed positive gel-diffusion tests even af ter  cats 135, 132, and 120 had become 
negative. Cat 122 a t  necropsy showed actively migrating larvae. In order to  detect active third-stage 
la rva l  infections o f  G. spinigerum by gel-diffusion, actively migrating larvae and stage specific antigens 
may have to  be present. Studies are now being conducted in this area. Comparative studies with immune 
cat serum and immune positive control rabbi t  serum have shown results similar to  the rats; however, 
serological ident i ty  o f  the anti-gnathostome antibody in both systems to a common antigen has not yet 
been demonstrated. 

SUMMARY : An antigen extracted from advanced third-stage G. spinigerum larvae was used to experimentally 
detect anti-gnathostome antibody i n  art i f icial ly infected rots and cats. In rats, precipitat ing antibody 
could be detected as early as 13 days af ter  infection and as long as 151 days af ter  infection. Studies 
wi th the gel-dif fusion test using third-stage larval  antigen could detect the la rva l  migratory phases o f  
this nematode in the definit ive host, but, when this parasite molted into an adult or encysted as a third-stage 
larva, detection by  gel-diffusion was no longer possible. The immuno-diffusion test using third-stage 
la rva l  antigen could be useful in detecting human infections where the third-stage la rva l  parasite i s  present. 
Larval migratory periods o f  up to  10 years or more have been reported in  humans ( 5 ) .  Studies on the 
cross-reactivity o f  this antigen with other helminthic infections are also being conducted and studies o f  
immunological detection of gnathostome infection in primates are being planned. 
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