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Background

Sign i f i can t  protect ive immun i ty  to Schi~ . tosom a niansoni de—

velops in severa l mouse s t ra ins  (a )  du r ing  a p atent  chronic  in-

fection , and (b) follow i ng immuni ;’ation w i t h  hi ghl y i rr a d iat e d

viable cercariae. Immuni ty  in the lat t e r  develops w i t h o u t  the

compl ica t ions  a r i s ing  as a resul t  of the pathologic changes in

a chronic patent  infec t ion . Since i n j e c t i o n  of h i g h l y  u - r a d i at ed

cercariae does not lead to a patent  schistosomal i n f ec t i on  thi~;

type of immuniza t ion  shows po ten t i a l  for  human vaccine use .

Non—viable  preparat ions have been almost un iver sa l l y  unbueces~;f u 1

in inducing protective immunity .

Dep loyment of a live vaccine on a large scale however is

immediately beset wi th  numerous problems . Foremost amon~.~ t hese

are the complexities of ma in ta in ing  a Schist osorna mansoni l i fe

cycle in endemic areas and a f a c i l i t y  for  i r r a d i a t i ng  the f r e sh l y

emerged cer~ ariae . L~y using cryopreserved sch istosomules these

and many other problems could be e f f ect i ve l y c i rcumvented . Wo r k

supported by this contract showed tha t  i r radi  at ed schistosomul es

could be e f fec t ive ly  frozen and stored in  l i quid n it ro ;en. Fur the r -

more , upon thawing they served as e f f e c t i v e  i m m un i :~inq age n t s

against a challenge infect ion when in ic c t c d  in to  mice
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MF:THODOLO( Y AND PF~;ULTS

Much of the invest iga t ion  supported by t h i s  contract

necessitated an emp ir ical approach. Method s developed for

successful  f rce~’inq and thawing large q u a n t i t i es  of v i able  I~ .

man soni schistosomules are o u t l i n e d  below . All  cooling P~ °—

cedures were handled in  a biological fr c ez in i un i t  (Cryo— :1ed , ~ t .

Cl emens , M ich igan)  capable of provid ing  reproducible , prede Le rmin ed

cooling rates .  Except where indica ted  al l  schistosomules o:-cn

were derived by the shear pressure techn i que of Colley  and U ike l

(1974) .

(1) Table I shows that  a luminum we igh in g  dishes proved to

be the best vessels for cooling and thawing samples. Even (Ii.s —

persion of heat throughout  the suspension was insured by cover-

ing the surface wi th  an aluminum disc.  High percentages of l i v e l y

organisms could not be recovered when g l a s s  tubes , vials , and

Petri dishes were used as cooling vessels.

(2)  Among the various cryoprotectant media tested , l 7.!Y.~

methanol in Ear le ’ s salts wi th  lac talbumin  h ydrol y sate  (ELA C) was

the f ree ’ing  medium which reproducibly y ielded the highest  p er—

centage of l ively organisms . Dehydrat ion t ime  for  schis tosomules

suspended in 17 .5% methanol at OC could be extended as long as

1 hour (Table I I ) .  Longer dehydr at ion periods invar iably  re-

duced recovery of hig hly  active organisms .

(3)  The rate  of cooling schistosomules and the  optima l tc ’mp—

erature for quenching samples in l iquid nitrogen wore interdependent

(Figure I ) .  Increases in cooling rate depressed the optima l

quenching temperature . Highest percentages of
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normally active schistosornules were obtained with  cooling rates

of 0 .4  C/mm and 0 .8  C/mm , and corresponding quenching tempera-

tures of -32 C and -35 C , respectively.

(4)  Table I I I  demonstrates that schistosornules could be

stored for at least 2 1/2 months in li quid ni trogen wi thout  ap-

preciable loss i n  activity.

(5) When normal, unattenuated schistosomules were frozen

and thawed , approximately l~ of tht~ni developed to matur i ty  when

injected into mice. Maturation was highly dependent on the

route of inject ion , the subcutaneous route being inferior to

in t ramuscular .

(6) Schistosomules attenuated by 60Co—irradiation showed corn-

parable percentages of recovery of lively organisms to those unatten-

uated by radiation .

(7) Schistosomules prepared by vortex and differential

temperature methods , or by penetration of dried rat skin did not

survive cryopreservation as well as the shear pressure or-

ganisms did.

(8) Cryopreserved schistosomu ].es derived from 60Co-irradiated

cercariae were used in experiments to immunize mice aga ins t  a

challenge infect ion with normal cercariae . The results demonstrated

that  irradiated , frozen and thawed schistosoniules induced

protective immunity in the recipients comparable to that  using

nonfrozen irradiated controls (Tables IV and V ) .
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DISCLJ~~ ION

cryoproservation of r e l at ive 1~’ l a rge  o rgan i sms , such as

mul t ice l lu lar  parasi tes , presents a c h a l l e ng i ng  problem for

opt imiz ing cooling and thawing  procedures.  Var ious  f e a t u re s  of

the problem contribute to this challenge. A schistosornule is

composed of many d i f f e r en t  cell types , each pr ohably w i th

d i f f e r e n t  cooling requi rements .  Therefore , i t  may be impos~ —

ible to select a s ingle  cooling ra te , quenchinci temper ature ,

or concentration of cryoprotect ive a d d i t i v e  which  w i l l  support

survival  of a l l  the component cells .  The condi t ions  ade~’ted

to cryopresorve mu] tied lu lar  orqani  sms in a v iab l e  s ta te  may ,

at best , be a compromise. It follow s tha t  e s t ab l i s h i ng  the  best

procedures for  cryopresex.-v at i  on of schi s tosomul  es requi res  close

a t ten t ion  to deta i l , and a tedious e m p i r ic a l  .ii’preaeh . Neve r-

theless , i t  is worthy of maxima l e f f o r t  since c o n d i t i o n s  have

not been found to cryopreserve the ce r c a ria l  s t age  s u c c e s s f u l l y .

The potential  for the development of a l ive vaccine a e ain s t

schistosoniiasis has , u n t i l  now , been seriousl y l im it ed  because of

the problems i nherent  in the storage and t ransp~-’rat ion  of v i a b le ,

at tenuated organisms . Research funded by t h i s  contract  has

led to the development of tcchnique~; for  succeSS I u l cryopreserv-

ation and recovery of attenuated schistosoniules which can

serve as e f f ec t ive  immun iz in q  agents  aga ins t  a cha l lenge  S.

mansoni infec t ion .
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SIGN l~ ’ICi ~NT ~~~~~~~~~~~~~~~~~

1) Cryopreserva t i en of 60 Co— i r r ad iat ed  schi s t ese~ u I e~: wi th  i-c—

covory a f t e r  t h a w i n g  of 30 to ~0’~ normal  in ~ct ivi t y and

appearance

2) P a r t ia l  pr otect  i on of mice was p rovided  by i u t r am u s c u l  ar

in jec t ion  of cryopr eserved i r r a d ia t e d  seh i teson~u los  as

shown by cha l lcn~ c worm reduct ions of ¶ 0  t o  f ’0% below

that  of non—im muni z ed  co n t r ol s .
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