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S U N , { N I A R Y

Both CEF6, a cat ion-exchange f ract ion of  soluble Schístosoma rnansoni  egg ant igens (SEA),  composed of  the 2 ant igens,

alpha-1 and omega-1,  and haemocyanin f rom the keyhole l impet,  ùIegathura crenulata,  have shorvn potent ia l  for  immuno-

diagnosis of  humaò schistosomiasis.  Possib le cross-react iv i ty  betrveen ant igens in SEA and keyhole l impet haemocl 'anin

(KLH) was explored by Western immunoblot t ing and enzyme-l inked immunosorbent assav (ELISA) using sera f rom

rabb i t s  immun ized  rv i th  KLH,  SEA,  CEF6,  a lpha-1 ,  omega-1 ,  o r  egg  an t igen  k5 .  Bo th  immunoassays  revea led  a  h igh

a"gi . .  of  serological  cross-react iv i ty  between the schistosome egg ant igens and KLH, much of  i t  due to sodium per iodate-

,"nsi t i r . " 'epi topes.  Cross-react iv i ty  wi th schistosome ant igens rv i th proven diagnost ic  ef f ìcacy ma.v thus,  in part ,  expla in

the usefulness of  KLH for  the diagnosis of  human schistosomiasis mansoni .
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I N T R O D U C T I O N

The demonstrat ion of ova in the faeces or urine and

egg morphology have been the tradit ional bases for

the d iagnos is  o f  sch is tosomias is .  A number  o f

techniques have been developed for detecting and

quanti fying ova but egg detection lacks sensit ivi tv

especial ly r,vi th respect to l ightly infected individuals

r.vho may have very low egg output. Undetected

in fect ions may be impor tant  reservo i rs  in  the

pers is tence of  t ransmiss ion fo l lo lv ing cont ro l  pro-

g rammes  (Grysee l s  e t  a l . 1991 , I 99+ ;  Bu t t e rwo r th  e t

a l .  1991)  and th is  may be par t icu lar ly  impor tant

post-chemotherap.v when egg counts fal l ,  leading to

an overest imat ion o f  cure ra tes (da Cunha,  Cancado

& de Rezende,  1987) .  Serod iagnost ic  tes ts  have thus

been developed to irnprove the sensit ivi t l t  and

spec i f ic ic l '  o f  d iagnos is  o f  sch is tosomtas is '

In the col laborative study on antigens for the

immunodiagnos is  o f  sch is tosomias is  organized by

The World Health Organtzation in 1981, S. mansoni

egg ant igens demonst ra ted a h igher  sens i t iv i tv  and

spec i f ic i ty  in  ELISA than adul t  rvorm ant igens for

the diagnosis of act ive S. manson z' infect ions before

and af ter  spec i f ic  t reatment  ( lv lo t t  & Dixon,  1982) .

*  Corresponding author :  School  o f  B io log ica l  Sc iences,

Universit-v of Wales, Bangor, Gwynedd LL57 2UW, UK.

T e l :  + 0 1 2 ' 1 8  3 8 2 3 3 1 .  F a x :  + 0 1 2 + 8  3 7 1 6 4 + .  E - m a i l :

m.doenhof f@bangor .ac.  uk

f  Present  address:  Depar tment  o f  Patho logy '  Univers i tv

of  Cambr idge,  Tennis  Cour t  Road,  Cambr idge CB2 1QP,

U K .

Parasi toLogl ,  (1999),  118,  83-89.  Pr inted in the Uni ted Kingdom

Serology to S. mansoni SEA also correlates fair ly

r,vel l  with faecal egg densit ies as demonstrated in

Eth iop ian schoolch i ldren (E l t i ro ,  Ye-Ebiyo &

Taylor, 1992).

Antibody activi ty against keyhole l impet haemo-

cyanin has been used to detect s. mansoni infect ion

in Brazi l  (Alves-Brito et al.  1992), S' mansoni and S'

haematobium tnfections in Egypt (NIarkl et al '  1991)

and S. japonicum infections in China (Yuesheng er

at. 1991). KLH has also been used to dif ferentiate

between acute and chronic schistosomiasis mansoni

(Nlansour  e t  a \ .1989) ,  acute and chrontc  S '  japonicum

infections (Yuesheng et al.  199+) and for the

d iagnos is  o f  acute S.  mansoni  (A lves-Br i to  e t  a l '

19e2).
Here we present  ev idence of  the ex is tence of

cons iderab le  immunolog ica l  c ross- react iv i t - " -  be-

tween KLH ant i  S.  mensoni  egg ant igens '  The

impor tance of  carbohl 'dra te  ep i topes in  th is  cross-

reactivi ty is demonstrated and we suggest that the

presence of  shared carbohydrate  ep i topes in  KLH

and SEA ff izY, in part,  explain the usefulness of

KLH as a serod iagnost ic  agent  for  sch is tosomias is '

' - I A T E R I  A L S  A N  D  } , I E T H O D S

,4nt igen preParat ion

Solub le  egg ant igen (SEA) rvas prepared f rom S'

mansont eggs recoverecl from l ivers and intestines of

male random-bred T. O. strain mice infected r 'vi th a

Puerto Rican strain of Schistosoma mansoni as

previously clescribed (Doenhoff er at '  1'981)'  Com-

O 1999 Cambridge UniversitY Press
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merc ia l i r - : r r ,a i lab le  I iL I {  ì \ ' i ìs  usec l  i r r  th is  s t r - rch,

(S ig i l a ,  Poo le ,  L iK ) '

Socl iLtm periodate treatmutt rtJ antiguts

S .  manson t  SEA and  KLH \ ve re  exposed  to  va rv i ng

concen t ra t i ons  (0 -50  n r r r )  o f  soc l i um pe r i oda te  i n

0 ' 1  r r  sod ium ace t i r t e  bu f l c r  ( pH  + '5 )  ove rn igh t  i r - r  t he

c lur l i  i r t  +  oC.  The react ion u ' ls  s topped bv incubat ion

u ' i t } - r  r rpprox imate lv  eqt ta l  vo lumes o i  - i0  ml l  sod i t t rn

boro l - r1 ,dr ide for  30 n- r in  i ì t  room te lnperature.  The

t reatec i  aut igen \ \ 'as  analvsed us ing 1 2  n , ,  soc l i t rm

cloc lecv l  su l fa te  poh 'acrv lamide ge i  e lec t rophores is

(SDS-PAGE)  ( l , ae rnm l i ,  I  970 )  uude r  t r on - reduc i r r g

condi t io r rs .  Coon- iass ie  b lue-s t : r inec l  SDS-P^LGtr

lndrcated t f ra t  pro te ins i r t  SI iA ivere degradeC at

sodi r - rm per iodate concent re t ious greater  than 20 n- r r t

as  bands \ \ 'e re  los t  or  d is rupted ( resu l ts  not  shou 'n) .

At  20 mr l  no sr . rch degradat ion o f  t l - re  prote ins u 'as

apparent : l"rd this concentrat ion rr-as r- ised for sub-

sequent  in- rmunoblot t ing and ELISA exper iments .

Rabbi t  ant í .sera

Rabbi t  ant isera against  unf ract ionated S ' .  rnansot t i

SEA ,  S .  manson i  egg  an t i gens  a lpha -1 ,  o tnega -1  and

k5,  and S.  mansonz egg ant igen f ract ion CEF6 were

produced us ing pre ' " ious11 '  descr ibed methods

(Dr rnne  e t  a \ . 198ó ) .  CEF6  l r ' as  pu r i f i ed  f r om SEA

bv cat ion erchange chromatographr-  r - rs ing a  Sepha-

dex CI , I -50 (Pharmacia)  cat ion-exchange co lumn

( \ lcLarer - r  e t  a l .  1981) .  Commerc ia l l 'u '  z r r . -n i lab le  z ln t i -

KLH serum r r 'as  used (S igma,  Poole ,  UK)

SrS-P^4GE ttnd trVestern blott i t tg

Discor- r t inL loL ls  SDS-PAGE, : rdapted f ront  pre-

v ior , rs lv  p t rb l ished methoc ls  ( l ,z ren-rml i ,  1970)  \ \ 'as

per formed under  non-rec luc ing condi t ions us ing a

3 t 'n  s t : rck ing ge l  and a 12 ' ' , ,  reso lv ing ge l  for  S.

mansoni  SEA and an 8 ' r , ,  resoh, ' ing ge l  for  KLH.  A

m ix tu re  o f  25 , r rg  SEA o r  KLH i n  100  7 r l  o f  d i s t i l l ed

\ \ 'a ter  p lus 25 , r i l  o f  s i in - rp le  buf fer  (2 ' , i  ml  g l1 'cero l ,

0 ' 10  g  sod i r - rm  dodecv l  s r - r l f a te ,  2 ' 25  m l  o f  0 ' 315  r t
' l ' r i s -HCl)  

$ , 'ùs  loaded per  ge l .  Los, -molecu lar

u.e ight  merrkers  (Pharn i : rc ia ,  LKB Biotechr- ro log) ' ,

U K)  \ \ -ere  s in lu l t i rneous l r -  e lec t rophoresed.  Prote ins

\ \ 'e re  t ransfer rec l  onto  n i t roce l l t r lose paper  (Hi 'bond-

C Super ,  Amersharn,  L ,  K)  fo l lon, ing e lect rophorests
accord ing to  prev ious lv  publ ished methods ( l for i ' -

b i n ,  S t a e h e l i n  &  G o r d o n ,  1 9 7 9 ) .
Per iodate t re í ì tn lcnt  r r  as  per formec- l  accord ing to

prev io t rs l . , '  pub l ished methods ( \ \ -oodu 'ard,  Young &
[ ì l oodgood ,  1985 ) .  

' f l - r e  
b l o t s  \ \ ' e re  equ i l i b ra ted  f o r

30 n- r i r - r  a t  room ten lperature in  0-1 r r  sod ium LÌcetate
buf ler  (pH - l '5 ) ,  then cut  i r - r  ha l f  and incubated i r - r
e i t he r  20  mr r  sod ium pe r i oda te  i n  0 .1  r r  sod ium
zìcetate  buf fer  or  i r - r  0 '1  r t  sod ium : ìceta te  bufTer  a lone,
ove rn igh t  i n  t he  da rk  a t  + 'C .  Fo l l o r v i ng  ex tens i ve
* 'ash ing in  0 '1  r r  sod ium acerz ì te  bufTer  the b lo ts

8+

\ \ .erL ì  i .c r rbated in  50 my sodium borchvdr ide in

phosphate-br - r fTered sa l ine (PBS'  145 ml t  soc l ium

chlor ic le ,  2  mr l  sod ium d ihvdrogen or thophosphate,
- l  nr r . t  c l isod iun-r  h1 'drogen or thophospl - ra te ,  pF{7 '2)

for 30 n-r in irnci subsequcntlr '  'uvashed e-rtensivelf  in
' f s ' een  

t r ansb io t t i ng  so l t r t i on  (TTBS,  20  mr t  T r i s ,

0 ' 9 " , ,  NaC l ,  g ' l  o , r  Tn 'een  20 ,  pH  7 ' 2 )  and  b locked

for  2  h  in  a  1  " ' , ,  not ì - fz t t  rn i lk  so l t t t io r - r '  The b lo ts  were

then cut  in to  s t r ips  and probed u ' i th  rabbi t  ant isera

(  1  :  200 d i lu t ion)  ra isec l  aga i r - rs t  ,S '  nmnsoni  egg

zrnt igens and KLH.  Horse-rad ish perox idase- labe l -

l ec l  goa t  a r - r t i - r abb i t  t gG  (1 :  1000  d i l u t i on ,  No rd i c

Immunoconjugates)  u ' i ' ts  used as secondar1 '  ant ibody.

The b lo ts  \ \ 'e re  developed bv the addi t ion o f  '1 ,

ch loro-1-napl - r tho l  (20 n- rg  in  - f  ml  o f  methanol )  in

16  m l  o f  t r ans -b lo t t i ng  so l r - r t i on  (TBS ,  20  r . r r ' t ' f r i s '

0 '9 ' 'n  \aCl ,  p lH7 '2)  conta in ing h1 'drogen perox ide

(10  7 r l  o f  30  on  r ' / \ '  H ,O . , ) .  The  reac t i on  n ' as  s topped

bv immers i r - rg  t l - re  b lo ts  in  d is t i l led water .

Enz 1' me - I i nke d ímntuno so r b e n t dssúl-v

N l i c ro t i t r e  p l a tes  (T t ' p "  \ I 294 ,  F -Fo rm,  PS  N l i c ro -

p la tes,  Dvnatech,  \ \ 'es t  Sussex,  L ,K)  were coated

u, i th  e i the r  2  l tg  SEA or  KLH per  p la te  in  carbonate

bulTer  (15 mrr  sod ium carbonate,  35 ml r  sod ium

h1'drogen carbouate,  pH 9 '6) ,  overn ight  a t  '+  oC.

Coat ing condi t ions \ \ 'e re  determined b1 '  checker-

board t i t ra t ion.  One hr - rndred micro l i t re  vo lumes per

rve l l  o f  ant igen so iu t ion,  pr imar l -  and secondar l '

antibodies and substrate \\ :ere used throughor'rt .

Per iodate t reatment  o f  ant igens in  ELISA rvas

modi f ied f rom Dunne et  a l .  1988ó) .  Fo l lorv ing 3

r ,vashes in  PBS*Tu 'een-20 (1- l -5  ml r  sod ium ch lor -

ide,  2  mr t  sod iun-r  d ih l 'd rogen or thophosphate,4  mi r t

d isod i t rn- r  hvdrogen phosphate,  0 '05 o ' , r  T tveeu 20,

pH7 '2 )  t he  p ia tes  we re  i ncuba ted  u ' i t h  0 ' 1  r t  sod ium

acetate  bu i ler  for  30 min a t  room temperature and

u,ashed 3 t imes u ' i th  the same so lu t ion.  One ha l f  o f

the p ia te  u 'as  incubated rv i th  20 mrt  sod ium per-

ioc la te  in  0 '1  r t  sod ium acetate  buf fer ,  the o ther  ha l f

n 'as  incub: r teC u- i th  0 '1  r r  sod ium acetate  buf fer  a lone

or .ern ight ,  in  the dark ,  a t  +  oC.  Af ter  t reatment  the

p la tes \ \ 'e re  incubared u ' i th  50 n- r r i  sod ium boro-

hvclr icle in PBS for 30 tr-r i t-r  then u'ashed 3 t irnes rvith

PBS+T ' , r ' een -20 .  The  p la tes  we re  b locked  r v i t h  1oo

bov ine serum a lbumin for  2  h  a t  room temperature.

Fo l lou ' ing 3  u 'ashes in  PBS-T\ \ 'een the p la tes were

incub: r ted r i ' i th  ant iserzr  ra ised against  SEA and

KLH (  1  :  200 d i iLr t ion)  tor  2  h  a t  room temperature.

Ho rse - rad i sh  pe rox idase - l abe l l ed ,  goa t  an t i - r abb i t

I gG  con juga te ,  ( 1 :1000  d i l u t i on )  \ \ - as  used  as

secondarv  ant ibodr ' .  The extent  o f  b ind ing was

measured co lor imetr ica l l f  a f ter  add i t ion o f  300 , rz , l
o  f  2 ,2 '  -  az i  r - r  o  -  ó  i  s  -  (  3  -  e  t  h  v  I  b  e  nzth taz o l i  n  e  -  6  -  s  u  I  fo  n  i  c

ac id )  d i ammon ium sa l t  ( 300  1 r i  o f  a  2  mg /m l  so lu t i on

d i l u ted  í n9 '7  m l  o f  2 ' 3  nn  c i t r i c  ac id  so lu t i on ,  pH  - f ' 0 )

in  the presence of  i - r1 'drogen perox ide (10 7r l  o f  30 ' l 'o

r ' / r - H " O , ) .
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F ig .  2 .  Reac r i y i6 ,o f  rabb i t  se ra  ra i sed  aga ins t  Sch ís toso t r ta  rnanson i  egg  an t igens  o r  KLH aga i t - r s t  KLH.  (A )  Wes te rn

b io t  o f  KLH t rea red  rv i th  0 '1  r r  sod ium ace ta te  bu f fe r  a lone  z rnd  p robed  u ' i t h  L t rne  1 ,  an t i -SEA;  Lane  2 ,  a r - r t i -KLH;

i - a n e  3 ,  a n t i - a l p h a - 1 ; L a n e  - 1 ,  a n t i - o m e g a - 1 ; L a n e  5 ,  a n t i - k 5 ; L a n e  6 ,  a n t i - C E F 6 ;  L a n e  7 ,  c o n t r o l  s e r u m .  ( B )  E f f e c t

of  per iodate t reatmer-r t .  Western blot  of  KLFI t reatecl  u, i th 20 mrr  sodium per iodate i r i  0 ' t  r t  sodir - rm acetate buf fer

a l o n e  t r n d  p r o b e d  r v i t h  L a n e  1 ,  a n t i - S E A ;  L a n e  2 ,  a n t i - K L F i ;  l a n e  3 ,  a n t i - a l p h a - l ;  L a n e  - 1 ,  a n t i - o m e g a r - 1 ;  L a n e  5 ,

a n t i - k 5 : L a n e  6 ,  a n t i - C E F ó ;  L a r n e  7 ,  c o n t r o l  s e r u m .

BA

765432 1  2  3  4  5 6  7

soma f l tansoni  egg ant igens or  KLH against  S.  mansoni  egg

h 0 '1 r r  sodium acetate buf fer  a lone and probed rv i th Lane 1,

e  4 ,  a n t i - o m e g a - 1 ;  L a n e  5 ,  a n t i - k 5 ;  L a n e  6 '  a n t i - C E F 6 ;

Wesrern biot  of  S.  mansont SEA treated rv i th 20 mrt  sodium

i  r . v i t h  L a n e  1 ,  a n t i - S E A ;  L a n e  2 ,  a n t i - K L H ;  L a n e  3 ,  a n t i -

an t i -CEF6:  Lane  7 ,  con t ro i  se rum.

d against  Scl is tos

SEA treated r .v i t l

n t i -a lpha-  I  ;  Lane

odate t reatment.

a lone ernd probed

a n t i - k s ;  L a n e  6 ,  r

F ig .  1 .  Reac t i v i t y  o f  rabb i t  an t i se ra  ra i se

ant igens.  (A) \Vestern blot  oÍ  S.  mansrtn i

a n t i - S E A ;  L a n e  2 ,  a n t i - K L H ;  L a n e  3 ,  a

Lane 7,  contro l  serum. (B) Ef fect  of  per i

per iodate in 0 '1 r t  sodium acetate buf fer

a l p h a - 1 ;  L a n e  4 ,  a n t i - o m e ! a - 1 ;  L a n e  5 ,

BA

2

' fhe 
pat tern o f  react iv i tv  o f  the ant i -KLH serum

(Lane  2 ,  F ig .  1A )  i s  qu i t e  s im i l a r  t o  t ha t  o f  t he  an t i -

'nvhole  SEA and ant i -CEF6 sera (Lanes 1 and 6

respect ive l l ' ,  F ig .  1A) .  Egg ant igens that  the ant i -

KLH serum rvas par t icu lar l -v  react ive wi th  inc luded

R E S U L T S

Fig.  1  A shorvs that  a  rabbi t  ant iserum ra ised against

KLH gave cons iderab le  immunolog ica l  c ross-

react iv i t ) '  rv i th  ant igens present  in  S.  rnansoz l i  SEA.
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Conr .erseh ' ,  ant isera rzr ised against  SEA,  CEF6,

a lp l - ra-  1 ,  ome€Ta-  I  and k5 demonst ra te  a  b lo t t ing

pat tern against  KLH rvh ich \ \ 'as  verv  s imi lar  to  that

p roduced  b1 .  t he  an t i -KLH se rum (F ig .  2A ) .  The

egg ant isera appeùr  to  respond to  a  number  o f

ant igens in  KLH ranging f rom 50 to  > 94 kDa.

The ELISA data a lso demonst ra ted that  ant i -

KLI I  ant ibod ies are h igh l l '  c ross- react ive rv i th  SEA

(Fig .  3)  and that  the ar - r t i -egg sera tes ted cross- react

w ' i t h  KLH (F ig .  + ) .

Per iodate t reatment  o f  the ant igens used in

n
W)
( , ' , /  l

0.1M sod ium aceta te  a lone

+ 20mM sod ium Per iodate
F ig .  -1 .  Reac t i v i t v  o f  rabb i t  an t i se ra  ra i sed  aga ins t  Sch is tuson t t t  n tanson i  cgg  an t igens  o r  KLH aga ins t  un t rea ted  o r

r re r ioda te - t rea ted  KLH in  EL ISA.

or ìe  w ' i th  a  molecu lar  rve ight  o f  >  9- l  kDa and ,à

doub le t  cons i s t i ng  o f  an  uppe r  band  a t  +1  kDa  and  a
los 'er  36 kDa ban, - ' . ,  a  3 l  kDa ant igen and zr  65 kDa
ant igen.  Compar ison w' i th  the more spec i f ic  sera that
had been ra ised against  ind iv idua l  

"gg 
ant igens

ind icates that  the > 9- t  kDa ant igen is  l ike l l '  to  be k5
(F ie .  1A ,  l ane  5 )  and  t he  36 / , 11  kDa  doub le t  i s  a i pha -
I  (F ig .  1A ,  l ane  3 ) .  The  c ross - reac t i r - i t ' u '  o f  unab -
sorbed rabbi t  anr isera ra ised against  egg ant igens
alpha-1 and omega-1 rv i th  the k5 ant igen has been
no ted  p rev ioush '  (Dunne  e t  a l .  1986 ) .
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Wester -n  b lo t t ine e f fec ted a s t tbs tant ia l  reduct ion in

the capac i t l '  o f  the ant i -KLFI  serLr i .n  to  recogt ì ìze S.

inansor i  egg ant igens (F ig .  1B,  lane 2a) .  Sr rn i lar l l ' ,

per iodate t reatment  o f  KI -H ob l i tera ted the re-

act iv i t ,v  o f  th is  ant igen u ' i th  ant i -egg ant ibod ies (F ig .

2B ) .  F i gu re  1B  sho rvs  t ha t  t he  an t i gen i c i t y  o f  t he

36111  kDa  do r , r b l e t  ( a l pha -1 )  and  t he  65  kDa  egg

ant igen sr rn ' ivec i  per iodate t reatment .  In  fac t ,  rhe

react iv i t ,v  o f  the ant i -a ipha-1 ant iserum \ \ , t ìs  seem-

ing ly  enhanced and lendered more spec i f ic  bv

t reatment  o f  the ant igen u ' i th  per iodate.  D isrupt ion

of  the carbohydrate  ep i topes of  the SEA used for

ELISA a lso resu l ted in  a  decrease in  recogni t ion o f

SEA ant igens bv the ant i -K l ,H serum (F ig .  3) .

Cons is tent  rv i t l - r  the ev idence f rom immunoblot t ing,

the react i . , ' i t1 'o f  rhe ant i -a lpha 1 z tn t iser t tm in-  ELISA

was not  changed b1 '  per iodate t reatment .

Sero log ica l  react iv i t l ,  o f  the egg ant isera against

KLH a lso decreased fo l lorv ing sodium per iodate

t reatment  (F ig .  +) .  In terest ing lv ,  the react iv i tv  o f

KLH ant isera for  KLH increased s l ight l l '  a f ter

per iodate t reatment  (F ig .  - [ ) ,  an observat ion rvh ich is

again  cons is tent  rv i th  the ev idence f rom the immuno-

b lo t  that  react iv i ty  o f  KLH rv i th  i ts  homologous

serum surv ives per iodate t reatment .

D I S C U S S I O N

In  th is  s t l ldy  extens ive immunolog ica l  c ross-

reactivi ty betrveen KLH and S. mansoni egg antigens

has been shorvn. N,I i lc l  sodium periodate h.vdrol l 's is

of  the respect ive ant igens has fur ther  shown that  the

cross- react iv i t l , '  i s  to  some extent  due to  carbohydrate

epi topes.  Per iodate t reatment  l inear izes hexose r ings

and thus dest roys any '  immunolog ica l  react i \ - i tv  that

the carbohydrate  possesses,  but  does not  a l ter  the

s t ruc tu re  o f  t he  po l , vpep t i de  cha in  (Bobb i t ,  1956 ;

Ev la r  &  Jaen loz ,  1963 ;  Woodrva rd  e t  a l .  1985 ;

Dunne et  a l .  I  988 ó) .  The ant igen ic i t l '  o f  t reated and

non- t reated ant igens \ ,vas compared in  both ELISA

and Western immunoblot t ing,  anc i  the use of  rabb i t

sera ra ised against  ind iv idua l  S.  mansoni  egg ant igens

hzrs  conf i rn- red the presence of  carbohl 'dra te  ep i topes

on the ant igens a lpha-  1  and k5 in  par t icu lar  (Dunne

e t  a l .  1986  ;  Dunne ,  Jones  &  Doenho f f ,  1991  ;
Langley et al.  1994). The lack of effect of periodate

on the react iv i t -v  o f  a lpha-1 in  ELISA s t rggests  that

th is  ant igen mav not  be as heav i lv  g l1 'cosv la ted as k5

or  that  pept ide ep i topes are n- ì .ore  dominant .  The

increase in  in tens i t l '  o f  react iv i tv  o f  a lpha-  I  fo l lou, ing

per iodate t reatment  o f  e lec tob io t ted aut igens sug-

gested ep i topes present  on th is  ant igen mzì) '  be

masked by '  one or  more carbohl 'dra te(s)

Per iodate t reatment  resu l ted in  a  marked decrease

in  the react iv i ty  o f  ant i -KLH ant ibod ies against  S.

mansoni  SEA and l iker ,v ise,  the react iv i t l '  o f  ant i -egg

ant igen sera against  KLH was severe l ; -  ab la ted by

per iodate t reatment .  In  both immunoblot t ing and

ELISA KLH reta ined some ant isen ic  act iv i tv  rv i th
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homologous ant iserun af ter  per iodate t reatment ,

dr - re  e i ther  to  pept ide or  per iodate- insens i t ive  carbo-

i rvdrate  ep i topes.  Overa l l ,  the resu l ts  ind icate  that

much of  the humora l  immune response to  S.  mansoni

egg antigens :rnd to I{I-FI in the rabbit is directed

against  carbohl , 'd ra te  ep i topes.  In  th is  s tudy to ta l

IgG responses were measured.  F lowever ,Langley e t

a l  .  (  1  99+)  demonst ra ted in  hr tmans that  1gG2

responses were restr icted to sodiurn periodate-

sens i t ive  carboh-vdrate  ant igens and h igh molecu lar

rveight antiger-rs present ir-r SEA. IgG I and IgG3

responses were d i rected against  both carbohl 'dra te

and pept ide ep i topes and IgG- l  responses were

rest r ic ted to  per iodate- res is tant  ep i topes in  SEA.

The usefu lness of  KLH as a serod iagnost ic  ant igen

for  sch is tosomias is  has been ad ' " 'ocated in  severa l

s tud ies  (N lansou r  e t  a l .  1989 ;  N la r k l  e t  a l .  1991 ;

A l ves -B r r t o  e t  a l .  1992 ;  Yuesheng  e t  a l .  1994 ) .  The

present  s tud1,  has ind icated that  the reason tor  th is  is

most  l ike l -v  i ts  h igh degree of  immunolog ica l  c ross-

reactivi t .v with those schistosome egg ar-rt igens that

have prev ious lv  demonst ra ted sens i t iv i tv  and spec-

if ici t-v for detecting htrman .S. mansoni infect ions,

and in  par t icu lar  k5 and the 2 ant igens compr is ing

the f ract ior - r  CEF6 (N{c laren et  a l .  1981;  } Io t t  &

D ixon ,  1982 ;  Dunne ,  H i i l - ve r  &  Vazquez ,  1988a ;

Doenho f f -  e t  aL .  1989 ,  1993 ;  E l t i r o  e t  a l .  1992 ) .  The

cross-  react ive ant ibod ies appear  to  be react ing

main ly  against  carbohydrate  ep i topes,  suggest ing

tha t  a l pha -1 ,  omega -1 ,  k5  and  KLH sha re  1  o r  more

common carbohydrate  moiet ies .  
' Ihe 

exact  s t ructure

of  these ep i topes has not  yet  been e luc idated.

While the above studies ir-rdicated that KLH ma1'

be a usefu l  d iagnost ic  ant igen in  count r ies  u 'here

sch i s tosom ias i s  i s  endemic  (N lansov r  e t  aL .  1989 ;

N la rk l  e t  a l . 1991 ;  A l ' n ' es -B rL to  e t  a | . 1992 ;  Yuesheng

et  a l .  199- t ) ,  the ev idence f rom auother  s tudy

suggested that  KLH ma) '  not  be as usefu l  i t l  a  non-

endern ic  c l in ica l  set t ing ( \ rer rve i j  e t  a l .  1995) .  Thus,

\ ' 'e ruve i j  e t  aL.  (1995)  repor ted that  KLH,  u 'hen used

in  ELISA,  cou ld  not  d iscr iminate bet rveen acute (3

month)  or  chron ic  (15 month)  sch is tosomias is  man-

sor- r i  or  haen-ra tob ium in iect ions in  Dutch t rave l lers

re turn ing f rom \ Ia l i .  Fur thermore,  these authors

zi lso reported that there wzìs no signif ìcant dif ferer-rce

in  the ant i -KLH response before and 1 vear  a f ter

chemotherapl '  u' i th praziquantel (Veru'ei j  et al.

1995) .  S imi lar  observat ions were descr ibed by VIark l

e t  a l .  ( 1991 )  r vho  repo r ted  t ha t  t he  an t i -KLH

response rvas s imi lar  in  acute and chron ic  pat ients .

I {LH has a lso beet r  used for  the d iagnos is  o f  S.

haema tob i t tm  ( x - [ a r k l  e t  a l .  1991 ;  X t re  e /  a / .  1993 ;

\ '-er.,vei j  et al.  1995) and has demonstrated better

sensit ivi t l -  for acute rather than chronic S. japonicum

infect ions b1 '  the detect ion o f  IgG or  IgNI  (Zheng et

a t .  1992 ;  Cen  e t  a l .  1996 )  i n  EL ISA ,  o r  do t -EL ISA

(L i  e t  a l .  1997) .  KLH shares carbohydrate  ep i topes

wi th  the cercar ia l  sur face,  excretor \ ' /secretory  ant i -

gens and egg antieens of S. japonirurn (Yr et al '  1991)

, l
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and i t  ma) '  be specula ted that  KLH a lso shares

ca rbohvd ra t c  ep i t opes  r v r t h  an t iÉ j cns  p resen t  r n

S.  haematobium.  In  th is  respect  the d iagnost ic

potent ia l  o f  KLH is  d is t inc t  f rom that  o f  a t  least  2  o f
the S.  mansoni  egg ant igens under  cons iderat ion

here,  s ince CEF6 has been shown to  be sch is tosome

species-  and l i fe -c1 'c le  s tage-spec i f ic  ( } lc l -aren et  a l .
1  981 ;  Dunne et  a l .  1  98 ' t )  and r r lso usefu l  i r r
moni tor ing the chemotherapeut ic  e f f icacv o f  oxam-
niqu ine (Dunne et  a l .  i  988 a)  i ind hvcanthone
(Doer-r l-roff  et al.  1989).
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R E F E i I E N  C E S

. \L \ ,ES- tsR ITO,  C .  F . ,  S I I \ ÍPSON,  . \ .  J .  c . ,  BAHI . \ -OL I \ .E IR . { ,

L .  r , t .  G . ,  R . { t sE [_LO,  A .  L .  T . ,  ROCH. { ,  R .  S . ,  L . \N IBERTLCCI ,

J .  R . ,  C . \ZZ INELL I ,  G . ,  KATZ,  N .  &  CORRE. \_OLI \ rERA,  R .
(1992).  Anah's is of  ant i -ke1'hole l impet haemocl .anin
ant ibody'  in Brazi l ians supports i ts  use for  the
d iagnos is  o f  acu te  sch is tosomias is  manson i .
Transactions of the Roy,al Society of Tropical )Iedicine
and f I t 'g íene 86,  53-5ó.

B o B r r r ,  J .  N r .  ( 1 9 5 6 ) .  P e r i o d a t e  o x i d a t i o n  o f
carbohl'drates.,{dl,^ances in C arbohy,dr ate C hentistry
and Bi .ochemistr t '  11,  1-6.

BUTTERWORTH,  . \ .  E . ,  STURROCK,  R .  F . ,  OLr l I . \ ,  J .  H . ,
N I B U G U . \ ,  c . ,  F L T L F O R D ,  A . J . C . ,  K A R I L i K I ,  H .  C .  &  K O E C H ,
o .  (1991) .  Compar i son  o f  d i f f e ren t  chemotherap .v
strategies against  Schistosoma mansoni  in -v- Iachakos
Distr ic t ,  Kenl 'a:  ef fects on human i r . r fect ion and
morbid i t l . .  Parasi to logr-  103,  339-355.

cEN,  L .  p . ,  \ . lA_ \ . . \ ,  L .  G . ,  GARCIA ,  T .  C .  N . I . ,  R . \BELLO,  A .  L .  T .
&  K . \ r z ,  r .  (1996) .  The  se ro log ica l  d i f f e ren t ia r ion  o f
acu te  and  ch ron ic  sch is tosomias is  j apon ica  r - r s ing  IgA
ant ibodl .  to egg anr igen.  l [emor ias do Inst i t t r to
Oszualdo Cruz 91,  7 5 l -7 5+.

o r  C U N H A , . \ .  S . ,  C A N C A D O ,  J .  R .  &  D E  R E Z E N D E ,  C . L . ( 1 9 8 7 ) .
Therapeut ical  evaluat ion of  d i f ferent  dose regimes of
p raz iquan te l  i n  sch is tosomias is  n ranson i ,  based  on  the
quant i tat ive oogram technique.  Re."- is !a do Inst i t t t to de
l'[edicina Tropical Sao Paulo 29, 295-30+.

I )OENFIOFF,  \ t .  J . ,  PE . \RSON,  S . ,  D [_ :NNE,  D .  \ \ . . ,  B i cK I_E ,  Q . ,
L L ' c A S ,  s . ,  B A r N .  J .  &  H A S S o U - \ . I H ,  o .  ( 1 9 8 1 ) .
Immuno log ica l  con t ro l  o f  hepa to to .x i c i t , r .  and  pa ras i te
egg e-\cret ion in Schistosoma mansoni  infect ions:  stage
spec i f i c i t v  o f  rhe  reac t i r . i t v  o f  immune  se rum in  

' f - ce l l

depr ived mice.  Transact ions of  the Ro1,al  Societ l ,  of
Tropical  t r Iedic ine and H;r ,g iene 75,  + l -71.

DOE\F IOFF,  f f .  J . ,  DL :N \E ,  D .  \ \ . .  &  i _ ILL \ . \ \ .H ITE,  J .  E .
(  I  989).  Serologi .  of  Sc/r is tosotna tnansorn infsg1i6, . ì .
i t f ter  chen-rotherapr ' .  Tronsact ions of  the Ro-t ,a l  Socle lv
oJ Tropicct l  ) [edic i r rc and Hl ,g iene 83,  237-23g.

DOI ì \ I IOFF,  \ t .  J . ,  BUTTER\ \ .ORI .H ,  . \ .  8 . ,  F I . \YES,  R .  J . ,
S T I ' R R O C K ,  R .  F . ,  O u \ t . ì ,  J . H . ,  K O E C H ,  D . ,  P R E N T I C E ,  t t .  &
B . \ tN ,  y .  (1993) .  Seroep idemio log l ,  and  se rod iagnos is  o f
sch is tosomias is  i n  Kenr .a  us ing  c rude  and  pu r i f i ed  egg
ant igens of  Sc/r is losotna tnanso,ni  in Ei . ISA.
Transactions of the Ro1,al Societt, o

8 8

D[ -NND,  D .  \ \ ' . , . { c_ \E \ \ "  A .  I I . ,  \ , IODHA,  J .  &  DOENHOFF,  N I  J .
(  198ó) .  Sc l t i s toso t r t ( t  n tùnso t i  (gg  tn l rgcns  :  p repara t ion

o f  rabb i t  ; rn t i se ra  r v i th  n ronospec iÈc

immunoprec ip i ta t i ng  ac t i v i t y '  and  the i r  use  in  an t igen

charac te r i sa t i on .  Paru i te  In txu rno !og t ,  8 ,  575-58ó .

DUNNE,  D .  \ \ ' . ,  B . \ t \ I ,  J . ,  t _ t i . i . y \ \ ' I { iT I j ,  J .  &  DOENFIOF-F ,  N f  .  J .
(198+) .  ' l - he  

s tage- ,  s t ra in - ,  : rnd  spec ies -spec i f i c i t . v  o f  a
Schistosoma mansoni  egg ant igen f ract ior-r  rv i th

serocl iasnost ic  poter ì t ia l t .  T ' ransact iot ts of  the Ro1'al

Society oJ Tropical )' ledicine nnd H-,-giene 78, +60-+70.

D U N N L ,  f ) .  \ \ ' . ,  H I L L Y E R ,  V .  &  V A Z Q L ' E Z ,  C .  ( 1 9 8 8 a ) .

Sc lús toson ta  rnanson i  ca t ion ic  egg  r rn t i gens  (CEF6) :

immunosero log r .  n ' i t h  o ramn ic lu ine  t rea ted  pa t ien ts

and  invo lvement  o f  t he  c i r cumo 'n 'a l  p rec ip i t i n  reac t ion .

Arnericttrt Journal of Tropical f[edicine and Ht,giene

3 8 , 5 0 8 - 5 1 + .
DUl i \E .  D .  \ \ " ,  GRABO\ \ 'SKA,  A .  ̂ \ 1 . ,  FL : [_ I r r )RD, . \ .  J .  C .  &

BUTTER\ \ ' oRTH,  A .  a .  (1988ó) .  I - I uman  an r ibod l '

responses to Sc/z is losotna mansor i i :  the inf luence of

epi topes shared betrvcen di f ferent  l i fe-cvcle stages on
the  response  to  the  sch is tosomu lum.  European  Jo r t rna l
o f  Immuno logv  18 ,  123-131 .

D r i N N E ,  D .  \ \ ' . ,  J o N E S ,  F .  N r .  &  D o E N H o F F ,  ] r . J .  ( 1 9 9 1 ) .  T h e
pur i f i ca t i on ,  cha rac te r i sa t i on ,  se ro log ica l  ac t i ' u ' i t v  and
hepa to tox i c  p roper t i es  o f  t u 'o  ca t ion ic  g l vcopro te ins

(a lpha- i  and  ome[Ja -1 )  f rom Sch is toso r ta  manson i  egus .
Parasi to logl '  103,  225 236.

E t ,T IRO,  F . ,  \ 'E -EBIyO,  y .  &  T . \YLOR,  NL  G.  (1992) .

Eva lua t ion  o f  an  enzvme l i nked  in rn runosorben t  assav
(EL ISA)  us ing  Sch is tosoma rnanson i  so lub le  egg

ant igen ars a d iagnost ic  tool  for  Schistosorta rnansoni

infect ion in Ethiopian schoolchi idren.  Journal  of
Tropical fledicíne and Hygiene 95, 52-56.

Ev r -AR,  E .  H .  &  J . \ENLoz ,  R .  w .  (1963) .  Per ioda te  ox ida t ion
of  e- l  ac id g l1 'coprotein.  Jour ia l  oJ '  Bio logical

C  hemis t r t ,  237 ,  102  1 -1  025 .

c R y s E E r - s ,  8 . ,  N K U L T K y t N K . \ ,  L .  &  E N G E L S ,  D .  ( 1 9 9 1 ) .

Repeated communit l ' -based chemotherapl '  tor  the
contro l  of  Sc/z isrosom(t  tnansoni :  ef lect  of  screening and
se lec t i ve  t rea tmen t  on  p reva iences  and  in tens i t i es  o f
irrfecticrn. ^J,nerican Journal of Tropical J.Iedicine and

H1'giene 45,  50q 527.

G R Y S E E L S ,  8 . ,  S T E I , ] I A ,  F .  F . ,  T . { I _ I _ A ,  I . ,  V . ì N D . { N I ,  G . J . ,

P O L N I A N ,  K . ,  S O W ,  S . ,  D I . \ \ V ,  N I . ,  S T U R R O C K ,  R .  F . ,

D O E H R I N G S C H \ \ : E R D T T ' E G E R ,  t s . ,  K A R D O R F F ,  R . ,  D E C . \ \ , I ,  C . ,

) i I . { . \G ,  r r .  &  DEELDER,  . \ .  } r .  (199+) .  Ep idemio logv ,

imnrunologv and chemotherap,v of  Schistosoma
ntansoni  infect ion. i  in  a recent l r -  exposed comrnuni tv in
Serregal . Tropical and Geographícal ],Iedícine 46,
209 -2 t9 .

L . \EuNIL r ,  u .  K .  (1970) .  C leavage  o f  s t ruc tu ra l  p ro te ins

dur ing assemblv of  b i rcter iophage T1.  l , Iature,  London
227.680-68s .

L . \NCLEy ,  c . ,  K .1 ,R lLK I ,  F I .  C . ,  H . \ \ t I IERSLE\ "  . \ .  p . ,  ou l lA ,

J .  H . ,  BL 'TT I IR \ \ -oRTF{ ,  . { .  E .  &  DL I \NE,  o .  u ' .  (199+) .

Hr,rman IsG subclr ìss responses and sr-rbclass

rcs t r i c t i on  to  S t ' / r r s losun te  tna t rson i  tqg  an t igens .

ImmtLno los t ,  83 ,  65  1 -658 .

L I ,  \ ' .  S . ,  R O S S , . { .  C .  p . ,  L I ,  y . ,  H E ,  y .  K . ,  L U O ,  X .  S .  &
NIcNIANL 's ,  D .  p .  (1997) .  Sero log ica l  d iagnos is  o f
Sc l i s toso rna  japor t i cuz  in fec t i ons  in  Ch ina .
Transactions of the Rot,ttl Societl, of Tropical tledicine
and  Hyg íene  91 ,  19 -21 .

and Hrgiene 87, +2-+8.
t, of Tropical ùIedicine



I

I
I

l l
I
i

I
l; i

til
ld

Cross-reactiv-ity betueen KLH and schistosome egg antigens

NIANSOUR,  NL  N . l . ,  ONIER,  AL I ,  p . ,  FARID,  2 . ,  S I l l psoN,

. { . J .  c .  &  wooDy ,  f  .  (1989) .  Sero log ica l  c i r l l e ren t ia t i on

o f  acu te  and  ch ron ic  sch is toso rn ias i s  manson i  by
ant ibodl ,  responses to ke-vhole l impet haemocyanin.

American Journal of Trol;ical t\[ec]icine and Hj,geiene
41, 3 3 8-3-t4.

t r {ARKL,  J . ,  NOUR e r -  D IN ,  N I . ,  WINTER-S iN IA- \OWSKI ,  S .  &
s rNrANo\vsKr ,  u .  l .  (1991) .  Spec i f i c  IgG ac t i v i t v  o f  se ra
from Egvpt ian schistosorniasis pat ients ro kel ' l - io ie
l impet haemoc. 'anin (KLH).  Naturzcissenschaften 78,
3 0 - 3  1 .  l

N I C L A R E N ,  N L  I - . ,  L I L L Y W H I T E ,  J .  8 . ,  D L Ì N N E ,  D .  \ V .  &

DoENHoFF,  ùL  J .  (1981) .  Serod iagnos is  o f  human

Scl is tosoma nansoní infect ions:  enhanced sensi t iv i ty

and  spec i f i c i t y  i n  EL ISA us ing  a  f rac t i on  con ta in ing

S .  m n n s o n i  e g g  a n t i g e n s  o m e g a - 1  a n d  a l p h a - 1 .

T'ransactictn, rf the Ro,-al Societl, of Trapictti fuIedìcine
and  Hyg iene  75 ,72 -79 .

N{oTT,  K .  E .  &  DrxoN,  s .  (198?) .  Co l l abo ra t i ve  s tud l '  on
ant igens for  immunodiagnosis of  schistosomiasis.

Bulletin of the World Health Organization 65,

233-2+4.
T O W B I N ,  H . ,  S T A E H E L I N ,  T .  &  G O R D O N ,  I .  ( 1 9 7 9 ) .

Electrophoret ic  t ransfer  of  proteins f rom
po lyac r l ' l am ide  ge is  to  n i t roce l l u lose  shee ts :  P rocedure
and some appl icat ions.  Proceedings of  the Nat ional

Acaderny of  Sciences,  U34_76, +350-+354.

VERWEIJ ,  J .  J . ,  pOLDERNÍAN, . { .  N I . ,  V ISSER,  L .  c .  &  DEEI_DER,
A .  N I .  (1995) .  N leasurement  o f  an t ibody  response  to

89

keyhole l impet haemocvanin u 'as not  adequate for
ea r l . '  d iagnos is  o f  sch is toson^^ ias i s  i n  a  g roup  o f  Du tch
vis i tors to \ Ia l i .  Transact ìons oj  the Royal  Societ l ,  6f
Tropical t[edicine and Hygiene 89,48-50.

\ \ 'ooDwARD, NL p. ,  YOUNG, W. \V.  & BI_OODGOOD, R. A.
(1985) .  De tec t ion  o f  monoc lona l  an t ibod ies  spec i f i c  fo r
ca rbohydr i ì t e  ep i topes  us ing  pe r ioda te  ox ida t ion .

Journal  o; f  Innnunological  t [ethods 78,  143-153.

. \ u E ,  c .  i ì . ,  T A y I _ c R ,  N I .  G . ,  B I C K I _ E ,  Q . D . ,  S A V I O L I ,  L .  &
RENGANATHAN,  E . .1 .  (1993) .  D iagnos is  o f  Sch is tosoma

haematobhrrn infect ion:  evaluat ior-r  of  ELISA using

key 'ho le  I impe t  haemocvan in  o r  so lub le  egg  an t igen  in
compar ison r .v i th detect ion of  eggs or  haematur ia.

Transactions of the Royal Societl' of Tropical tledicine

orr l  I {ygiene 87,  65-t -658.
Y I ,  X .  F . ,  Z E N G ,  X . ,  S H U ,  H .  &  W U C F I I . T N ,  C .  ( 1 9 9 1 ) .  A

s tudv  on  an t igen ic i t y  common to  ke1 'ho le  l impe t

haemoc-vanin and Schistosoma japonictnn ant igens.

Cl inese Journal  of  Schistosomiasis ControL 3,  203-205.
Y L T E S H E N G ,  L . ,  R A B E L L O , . \ .  L .  T . ,  S I r r - l P S O N ,  . { . J . c .  &  K A T Z ,

N. (199a).  The serological  d i f ferent iat ion of  acute and
chronic Schistosoma japonicuzz infect ion b-v ELISA

using keyhole l impet haemocvanin as ant igen.

Transactions of the Royal Society of Tropical tledicine
and Hygiene 88,  249-25I .

Z H E N G ,  X .  F . ,  W A N G ,  S .  p . ,  L A ,  W .  2 . ,  X I A N G ,  y .  D .  &  y I ,

x . y .  ( 1 9 9 2 ) .  S t u d i e s  o n  t h e  K L H - E L I S A  a n d  K L H -
IHA tor  the diagnosis of  Schistosoma japonicum

infection. Chinese Journal of Schistosotniasís ControL 4,

5  7 -5  8 .


