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Suppress ion  and enhancement  of h u m o r a l  i m m u n e  response  to Toxoplasma gondii 
by pass ive  antibody 
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Department o/Medical Parasitology, Robert Koch Institute, Nordu/er 20, D-1000 Berlin 65 (West), 21 March 1977 

Summary. Ant i - t oxop l a sma  an t ibodies  admin is te red  pass ively  to mice m a y  lead to suppress ion or e n h a n c e m e n t  (re- 
po r t ed  for the  f i rs t  t ime  wi th  P ro tozoan  parasites) of subsequen t  a n t i b o d y  response when  these  animals  are la ter  in- 
fected wi th  Toxoplasma gondii. The outcome is d e p e n d e n t  on infect ing s t ra in  of Toxoplasma  and  the  an t igen -an t ibody  
rat io.  

Infec t ion  by  Toxoplasma gondii, an intracel lular  p ro tozoan  
paras i te ,  is ub iqui tous  and  affects  mos t  species of warm-  
b looded  animals.  I t  can be t r a n s m i t t e d  to h u m a n s  th rough  
improper ly  cooked meat ,  by  con tac t  wi th  ca t  faeces con- 
ta in ing  oocysts  and congeni ta l ly  to the  foetus.  The la t t e r  
is general ly  bel ieved to  occur when  the  ma te rna l  infect ion 
is p r imar i ly  acquired dur ing  pregnancy .  In addi t ion  to  
clinical significance, the  socio-economic consequences  of 
th is  can be considerable .  Recen t ly  e s t ima ted  costs  of 
toxop lasmic  chi ldren  in U S A  alone was p u t  a t  31 to 40 
mill ion dollars per  year  1. The cur ren t  diagnosis of con- 
geni ta l  infect ions wi th  Toxoplasma gondii, cytomegalo-  
virus,  rubel la  virus and  Treponema pallidum are based to 
a large ex t en t  on demons t r a t i on  of immunog lobu l in 'M in 
t he  newborn  serum. As ma te rna l  an t ibodies  in response  
to  these  infect ions  m a y  cross in utero,  par t icu lar ly  dur ing  
the  la ter  pa r t  of ges ta t ion,  i t  is p e r t i n e n t  to consider  the  
inf luence which  the  pass ive  a n t i b o d y  m a y  exer t  on the  
immune  response  of the  foetus  and on in t e rp re t a t i on  of 
serological tests .  
Suppress ion  of Toxop la sma  IgM has  been  shown to  occur 
in newborn  rabb i t s  which  had  been previous ly  in jec ted  
wi th  IgG a n t i b o d y L  Pr ior  t r e a t m e n t  of mice wi th  spe- 
cific an t i se rum led to a suppress ion of the  humora l  re- 
sponse  and  could be d e m o n s t r a t e d  24 h af ter  infect ion 3, 
us ing a rose t te  t e s t  4. Subsequen t  circulat ing an t i b o d y  
t i t res  in s imilar ly  t r ea t ed  animals  were found to be lower 
for a t  least  30 days  3, 5. In  some cases, no a n t i b o d y  could 
be de tec ted  a l though  the  paras i te  was p resen t  in the  
brain,  indica t ing  t h a t  a s ta te  of to lerance  had  been  in- 
duced  5. We repor t  here t h a t  pass ively  acqui red  a n t i b o d y  
m a y  lead no t  only  to  suppress ion b u t  also e n h a n c e m e n t  

Effect of passively administered antibody on humoral immune 
response to Toxop~asma gondii 

Immunization Reciprocal Sabin-Feldman dye test 
titre 
Weeks after infection 

Passive Active 1 2 3 4 6 

Yes 500 Alt 128 128 1000 8000 16000 
No 500 Alt 64 1000 1000 2000 4000 
Yes 100 Alt 128 64 256 1000 64000 
No 100 Alt 64 1000 2000 2000 256000 
Yes 500 Gall 64 128 256 1000 1000 
No 500 Gall 32 1000 2000 2000 2000 
Yes 100 Gail 128 64 256 8000 4000 
No 100 Gail 32 1000 1000 2000 2000 
Yes 500 Witting 256 64 64 1000 64000 
No 500 Witting 64 1000 1000 4000 256000 
Yes 100 Witting 64 64 256 512 64000 
No 100 Witting 32 1000 1000 4000 256000 

Animals were injected i.v. with Toxoplasma antiserum or saline 
and 24 h later infected i.p. with Toxoplasma gondii. 

of the  humora l  response  depend ing  on the  an t igen-an t i -  
b o d y  rat io  and  the  infect ing s t ra in  of Toxoplasma.  
Materials and method. Strains  Alt,  Gall and W i t t i n g  which 
are ma in ta ined  in our l abo ra to ry  were used.  These are 
cys t - fo rming  s t ra ins  and  h a d  been  originally isolated 
f rom,  h u m a n  cases. Toxop lasma  an t i s e rum for passive 
immuniza t ion  was p repa red  by  in jec t ing  mice wi th  10 
bra in  cys ts  of Gail s t ra in  followed 1 week la ter  by  2 mg 
Su l f ame thoxypyraz ine  + 0.02 mg  P y r i m e t h a m i n e  per  
mouse.  Sera were collected af ter  3 m o n t h s  when  chronic 
infect ion was establ ished,  and s tored  a t  - -20~ The 
Sab i n -Fe l d man  dye t es t  t i t re  of th is  pool was 1:8000. 
As the  precise quan t i t a t i on  of paras i tes  in cys ts  is difficult, 
all fu r ther  infect ions were s t a r t ed  wi th  t rophozoi tes .  To 
ob ta in  these,  bra ins  f rom chronical ly  infected mice were 
t i t u r a t ed  in saline wi th  glass beads  and  the  homogena te  
ad jus ted  to conta in  200 cys ts  per  0.3 ml. Mice were in- 
jec ted  by  i .p .  route,  and  the  resul t ing exuda te  ha rves t ed  
by  washing  out  the  per i toneal  cav i ty  on the  6th day. The 
paras i tes  were separa ted  f rom the  hos t  cells by  a simple 
paper  f i l t ra t ion m e t h o d  6. 
Results. 6-week-old female N M R I  mice were in jec ted  i .v.  
in groups of 12-15 animals  w i th  0.25 ml  of Gail an t i se rum 
or controls  w i th  saline and 24 h la ter  in jec ted  i .p.  wi th  
500 Alt  or W i t t i n g  Toxoplasma.  Tail blood f rom 3-4 mice 
was  collected at  regular  in te rva ls  and  s to red  a t  - -20  ~ 
unt i l  t e s t ed  for ant ibodies  by  Sab i n -Fe l d man  dye test .  
By  the  3rd week, earlier suppress ion of a n t i b o d y  t i t res  in 
pass ively  immunized  animals  infected wi th  Al t  s t ra in  was 
overcome,  and b o t h  th is  and the  contro l  group had  similar 
1 : 1000 t i t re .  I n  t he  4th week, t he  expe r imen ta l  group had  
higher  t i t res .  This enhanced  serum a n t i b o d y  level was 
ma in t a ined  for a t  least  45 days,  when  pooled sera of all 
animals  in each group were tes ted .  By  cont ras t ,  animals  
infected wi th  W i t t i n g  s t ra in  showed lowered an t i b ody  
t i t res  when  compared  to controls .  The effect  of passively 
admin i s t e red  an t i se rum on a n t i b o d y  fo rma t ion  by  homo-  
logous s t ra in  was observed by  using Gail an t i se rum and 
subsequen t  act ive immuniza t ion  wi th  500 paras i tes  of 
the  same strain.  All the  animals  in expe r imen ta l  group 
t e s t ed  a f te r  2 weeks showed lower t i t res  t h a n  controls .  
To inves t iga te  w h a t  influence an t igen -an t ibody  rat io 
m a y  have,  the  infect ing dose was  reduced Mold. Mice 
were pass ively  immunized  wi th  Gail an t i se rum and in- 
fected 24 h la ter  w i th  100 Toxop la sma  of Alt,  Gail or 
Wi t t i ng  strains.  No e n h a n c e m e n t  of a n t i b o d y  response 
was  observed with Alt  or W i t t i n g  strains,  b u t  the  ant i-  
b o d y - t r e a t e d  group infected wi th  Gail s t ra in  showed 
higher  t i t res  t h a n  controls  in the  4 th  and 6th weeks. 
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Discussion. These  e x p e r i m e n t s  sugges t  t h a t  pass ive ly  
a d m i n i s t e r e d  a n t i s e r u m  m a y  suppress  or  e n h a n c e  an t i -  
b o d y  f o r m a t i o n  to Toxop la sma .  The  ou t com e  seems to 
be d e p e n d e n t  on  a n u m b e r  of va r i ab l e s  inc lud ing  t he  
in fec t ing  s t r a i n  and  t he  an t igen-ar~ t ibody  rat io .  P rev ious  
s tud ies  w i t h  sheep red  b lood cells h a v e  also shown  t h a t  
p r io r  t r e a t m e n t  of an ima l s  w i t h  IgG or IgM can  b o t h  
e n h a n c e  and  suppress  a n t i b o d y  p r o d u c t i o n L  The  sup-  
p ress ion  in p r e s e n t  e x p e r i m e n t s  m a y  h a v e  been  due  to  
ac t ion  of pass ive  a n t i s e r u m  on a n t i b o d y - f o r m i n g  cells. 
Th i s  was  ind ica t ed  in a r ecen t  s t u d y  of k ine t ics  of an t i -  
b o d y - m e d i a t e d  suppress ion  of h u m o r a l  i m m u n e  response  
to T o x o p l a s m a  a t  a cel lular  levelK A m a r k e d  r educ t ion  
in t he  n u m b e r  of spleen ro se t t e - fo rming  cells was revea led  
in a n t i b o d y - t r e a t e d  group.  Us ing  def ined l y m p h o i d  po- 
pu la t ions ,  m a j o r i t y  of t he  ro se t t e - fo rming  cells in  Toxo-  
p l a s m a  i m m u n i z e d  mice h a v e  been  iden t i f i ed  as B-cells  
(Masihi  a n d  Werner ,  u n p u b l i s h e d  observa t ions ) .  The  
m e c h a n i s m  of e n h a n c e m e n t  is a t  p r e s en t  n o t  comple t e ly  
clear.  However ,  m u c h  e x p e r i m e n t a l  d a t a  sugges t  t h a t  
T-  a n d  B - l y m p h o c y t e s  are he t e r ogenous  in t he i r  com- 
pos i t ion  and  t h a t  T-cells cons is t  of he lpe r  a n d  suppressor  
subpopu la t i ons .  The  exac t  cond i t ions  u n d e r  wh ich  these  
s u b p o p u l a t i o n s  m a y  be  t r iggered  are  n o t  ful ly  e luc ida ted .  
I t  is of i n t e r e s t  t h a t  dif ferences  in the  degree of l ympho-  
cy te  s t i m u l a t i o n  b y  11 s t r a ins  on chal lenge w i t h  v i r u l e n t  
T o x o p l a s m a  h a v e  been  obse rved  in miceS. 

M a t e r n a l  a n t i b o d y  pass ive ly  acqu i red  b y  t he  n e w b o r n  is 
ca tabo l ized  w i t h i ~ a  few m o n t h s .  To w h a t  e x t e n t  t h i s  
a n t i b o d y  m a y  inf.lff~nce t h e  i m m u n e  response  of h u m a n  
foetus  or newborff ' : to T o x o p l a s m a  infec t ion  is n o t  known.  
In  a r ecen t  s t u d y  w i t h  ra ts ,  T o x o p l a s m a  IgM a n t i b o d y  
response  could n o t  be  de t ec t ed  b y  i m m u n o f l u o r e s c e n t  
t e s t  du r ing  the  7-week o b s e r v a t i o n  per iod  in n e w b o r n s  
infec ted  w i t h  t he  pa ra s i t e  1-2  days  a f te r  b i r t h  f rom 
chron ica l ly  in fec ted  m o t h e r s K  I n  t h e  offspr ings  f rom nor -  
ma l  mothers ,  h i g h  IgM a n t i b o d y  t i t r e s  were p r e sen t  2-3  
weeks a f te r  s imi la r  infect ion.  N e w b o r n  ra t s  f rom m o t h e r s  
w i t h  chronic  in fec t ions  h a d  h i g h  S a b i n - F e l d m a n  and  IgG  
i m m u n o f i u o r e s c e n t  t e s t  t i t res .  This  suggests  t h a t  t he i r  IgM 
response  m a y  h a v e  been  suppressed  b y  p a s s i v e l y  ac- 
qu i red  m a t e r n a l  I gG  a n t i b o d y .  I n  t he  case of h u m a n s ,  i t  
is n o t  un l ike ly  t h a t  t he  a l t e r a t i o n  of i m m u n e  response  to  
suppress ion  or e n h a n c e m e n t  could occur  b u t  would  de-  
pend  on t ime  a n d  m a g n i t u d e  of foeta l  and  m a t e r n a l  in-  
fections,  a m o u n t  of c i rcu la t ing  a n t i b o d y  fo rmed  b y  t he  
m o t h e r  a n d  t he  in fec t ing  s t r a i n  of Toxop lasma .  
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Villus growth and cell replacement in the small  intestine of the neonatal pig 
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Summary. Cells p roduced  in t he  c ryp t s  of n e w b o r n  pig i leum mig ra t e  on to  Villi du r ing  d e v e l o p m e n t .  There  is l i t t l e  or no  
c o r r e s p o n d i n g  loss of ceils f rom vi l lus  t ips  d u r i n g  t he  f i rs t  week  of p o s t n a t a l  life. Vi l lus  g r o w t h  d u r i n g  t h i s  per iod  is 
la rgely  respons ib le  for t he  slow r a t e  of cel lular  renewal  seen to  t ake  place. 

I n t e s t i n a l  a b s o r p t i o n  of i m m u n o g l o b u l i n s  in  t he  pig a t  
b i r t h  is assoc ia ted  w i t h  an  i m m e d i a f e  increase  in sod ium 
t r a n s p o r t  1. This  is fol lowed 5-24 h l a t e r  b y  a m a r k e d  
i n h i b i t i o n  2. I m m u n o g l o b u l i n  b r o u g h t  in to  c o n t a c t  w i t h  
t h e  n e w b o r n  pig  in t e s t ine  in i t i a l ly  increases  t h e  r a t e  of 
oxygen  c o n s u m p t i o n  b u t  th i s  effect  d i sappear s  some 4 
d a y s  l a t e r  a. R e m o v i n g  pigle ts  f rom t h e  sow o v e r n i g h t  
res to res  sod ium t r a n s p o r t  to  l eve l s  found  in t he  n e w b o r n  
an imal .  Th i s  effect  d i sappear s  10 days  a f t e r  b i r t h  2. The  
pu rpose  of t he  p r e sen t  work  was to  t r y  to  e s t ab l i sh  wh ich  
if a n y  of these  chang ing  p a r a m e t e r s  m i g h t  be  associa ted  
w i t h  t he  phys ica l  a p p e a r a n c e  of a d i f fe ren t  p o p u l a t i o n  
of cells u p o n  t he  surface of t he  deve lop ing  in t e s t i na l  villus. 
Materials and methods. Pigs t a k e n  a t  b i r t h  were in jec ted  
s.c. w i t h  a n  aqueous  so lu t ion  of [6-aH] t h y m i d i n e  o b t a i n e d  
f rom The  R a d i o c h e m i c a l  Centre ,  A m e r s h a m ,  E n g l a n d  
(1 txCi/g b .wt ,  20,000-30,000 mCi /mmole) .  P ig le ts  were 
t h e n  r e t u r n e d  to the  sow to be  kil led 2, 24, 48, 96, 144 
a n d  192 h la ter .  T he  smal l  i n t e s t i ne  was  d issected  out ,  
p o r t i o n s  of t he  m i d - i n t e s t i n e  be ing  fixed,  pr ior  to  em- 
bedd ing ,  in  p h o s p h a t e - b u f f e r e d  formal in ,  p H  7.0. Sect ions  
t a k e n  a t  2 [zm, coa t ed  w i t h  I l fo rd  K2 emuls ion,  were 
a l lowed to deve lop  for 127 days  before  be ing  s t a ined  w i t h  
h a e m a t o x y l i n  a n d  eosin. To ta l  a n d  r ad ioac t ive  cell c o u n t s  
were t h e n  car r ied  ou t  f rom base  of c r y p t  to  t ip  of vil lus.  
Results and discussion. Villus h e i g h t  and  c r y p t  dep th ,  
t o g e t h e r  w i t h  t he  m e a n  pos i t ion  of t he  fas tes t  m i g r a t i n g  
t h y m i d i n e  label led cells, is shown  for  d i f fe rent  t imes  
fol lowing in jec t ion  of t h y m i d i n e  in t h e  table .  The  d e p t h  
of c r y p t s  r e m a i n e d  v i r t u a l l y  c o n s t a n t  up  to  6 days  a f t e r  

b i r th .  A d d i t i o n a l  m e a s u r e m e n t s  on  10-day-old Pig in-  
t e s t ines  t a k e n  f rom the  same  region show a c r y p t  d e p t h  
of 24.9 • 1.1 cells. The  h e i g h t  of vi l lus  p lus  c r y p t  showed 
a 3fold increase  over  the  same  t ime  per iod  (80-231 cells). 
T h y m i d i n e  labe l led  cells were conf ined  in i t i a l ly  to  t h e  
c rypts .  T h e y  m o v e d  on to  t h e  v i l lus  a f te r  24 h r each ing  
cell pos i t ion  189 some 7 days  later .  Cells p roduced  b y  

Villus growth and cell migration in the pig intestine measured during 
the first 8 days of postnatal life 

Time after birth (h) 2 24 48 96 144 192 

Height of villus and crypt 80.3 82.3 99.5 136.9 215.2 231.0 
4-4.6 4-4.6-t-3.7 !5 .7  :t:8.7 -t_7.6 

Depth of crypt 24.7 26.2 27.1 27.0 28.2 33.5 
• =El.1 • 4-1.0 -t-1.8 =t=1.4 

Distance from crypt base 11.9 26.4 46.1 78.1 172.8 189.2 
to leading labelled cell :t:0.7 -t-1.7 +2.4 -f:4.2 ~-7.6 -t-7.5 

Numbers give cell counts from base of crypts. Each value gives the 
mean ~ SE of 12 determinations. 
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