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Background

Significant protective immunity to Schistosoma mansoni de-

velops in several mouse strains (a) during a patent chronic in-
fection, and (b) following immunization with highly irradiated
viable cercariae. Immunity in the latter develops without the
complications arising as a result of the pathologic changes in
a chronic patent infection. Since injection of highly irradiated
cercariae does not lead to a patent schistosomal infection this
type of immunization shows potential for human vaccine use.
Non-viable preparations have been almost universally unsuccessful
in inducing protective immunity.

Deployment of a live vaccine on a large scale however is
immediately beset with numerous problems., Foremost among these

are the complexities of maintaining a Schistosoma mansoni life

cycle in endemic areas and a facility for irradiating the freshly
emerged cerctariae. By using cryopreserved schistosomules these

and many other problems could be effectively circumvented. Work
supported by this contract showed that irradiated schistosomules
could be ceffectively frozen and stored in liquid nitrogen. PFurther-

more, upon thawing they served as effective immunizing agents

against a challenge infection when injected into mice. [~
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METHODOLOGY AND PPESULTS

Much of the investigation supported by this contract
necessitated an empirvical approach. Methods developed for
successful freezing and thawing large quantities of viable S.
| mansoni schistosomules are outlined below. All cooling pro-
cedures were handled in a biological freczing unit (Cryo-Med, St.
Clemens, Michigan) capable of providing reproducible, predecermined
cooling rates. Except where indicated all schistosomules frozen

were derived by the shear pressure technique of Colley and Wikel

(1974) .

(1) Table I shows that aluminum weighing dishes proved to
be the best vessels for cooling and thawing samples. FEven dis-
persion of heat throughout the suspension was insured by cover-
ing the surface with an aluminum disc. High percentages of lively
organisms could not be recovered when glass tubes, vials, and

Petri dishes were used as cooling vessels,

(2) Among the various cryoprotectant media tested, 17.5%

methanol in Farle's salts with lactalbumin hydrolysate (ELAC) was

the freezing medium which reproducibly yielded the highest per- :
centage of lively organisms. Dehydration time for schistosomules :
suspended in 17,5% methanol at OC could be extended as long as

1 hour (Table II). Longer dehydration periods invariably re- 3

duced recovery of highly active organisms.

(3) The rate of cooling schistosomules and the optimal temp-
erature for quenching samples in liquid nitrogen were interdependent
(Figure I). Increases in cooling rate depressed the optimal

quenching temperature. Highest percentages of




normally active schistosomules were obtained with cooling rates
of 0.4 C/min and 0.8 C/min, and corresponding quenching tempera-
tures of -32 C and -35 C, respectively.

(4) Table III demonstrates that schistosomules could be
stored for at least 2 1/2 months in liquid nitrogen without ap-
preciable loss in activity.

(5) When normal, unattenuated schistosomules were frozen
and thawed, approximately 1% of them developed to maturity when
injected into mice. Maturation was highly dependent on the
route of injection, the subcutaneous route being inferior to

intramuscular.

60

(6) Schistosomules attenuated by Co-irradiation showed com-
parable percentages of recovery of lively organisms to those unatten-
uvated 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 schistosomules derived from 60co-irradiated
cercariae were used in experiments to immunize mice against a
challenge infection with normal cercariae. The results demonstrated
that irradiated, frozen and thawed schistosomules induced

protective immunity in the recipients comparable to that using

nonfrozen irradiated controls (Tables IV and V).
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DISCUSSTION

Cryopreservation of relatively large organisms, such as
multicellular parasites, presents a challenging problem for
optimizing cooling and thawing procedures. Various features of
the problem contribute to this challenge. A schistosomule is
composed of many different cell types, each probably with
different cooling requirements., Therefore, it may be imposs-
ible to select a single cooling rate, quenching temperature,
or concentration of cryoprotective additive which will support
survival of all the component cells. The conditions adopted
to cryopreserve multicellular organisms in a viable state may,
at best, be a compromise., It follows that establishing the best
procedures for cryopreservation of schistosomules requires close
attention to detail, and a tedious empirical approach. Never-
theless, it is worthy of maximal effort since conditions have
not been found to cryopreserve the cercarial stage successfully.

The potential for the development of a live vaccine acainst
schistosomiasis has, until now, been seriously limited because of
the problems inherent in the storage and transporation of viable,
attenuated organisms. Research funded by this contract has
led to the development of techniques for successful cryopreserv-
ation and recovery of attenuated schistosomules which can
serve as effective immunizing agents acainst a challenge S,

mansoni infection.
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SIGNIFICANT :'\CC\\MI‘X.ISHMI‘T\I_:_':_

1) Cryopreservation of GOCo—irradiuLvd schistosomules with re-
covery after thawing of 30 to 60% normal in activity and
appearance.

i 2) Partial protection of mice was provided by intramuscular
injection of cryopreserved irradiated schistosomules as
shown by challenge worm reductions of 50 to 0% bolow

that of non-immunized controls.
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TARVYE I

Pypes of Freezing Vessels Used in Cryopreservelicn Studies with
' i BA
Schistoscuales of Schistouona manuens

/ Volune of L recovery ol

schistosomule norpally active
Freezing suspension schistong 1o
vessed Size in vesse)d B ey X ¢+ 8.8.)

Glass tubes 75 X 100 mm 200 ul less than
Glass tules 75 »x 100 nm 2 nl 0
Glass vials 30 X 1S*%mn 200 W Jess than )

Petri dishes 60 x 10 mm 2 ml 0

(glass)
Aluninum weighing 57 mm dia. 3wl 26 + 10
dishes

Aluminum weiching

aishes + aluninum 57 mn dia. 3 ml 47 1 14 v

cover

a _ . : ’
Cooling rate of 0.4 C/min and quenching temperature of =32 C.

Cryoprotective additive was methanol (17.5%) in ELAC.
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Resulis of Immunination ef Mice with Cryoproeserved Irradialiol Scliis )
L atal cehintosonales’
Ne. of adalt
chi 1 Wi
X CCON o \ P !
)
iy ___Croup ; g X 4 8.0 yod fvn Cr, 3)
5
1 1S AQR LS SEST agu_,l.ﬂcP‘LC!L“m 1
FRog JuP PURBLLHID T IO " i
W an contysls 24 ‘6 T GO 0.0601
2
Cryoprescrved 33 + 18 L5 0,000
3
RHon-ianmunized conixrols GO

Yl

tnfrozen controls 41 + 10 45 0.001

T

2

17 40 0.001

.
Sal
.
S

“Cryoprescerved 4
3

Non-immunized controls 75 14

'J—

Apxperimental mice reccived two immunizations cach of 1000 of cither
unfrozen control schistosomules or cryoprescerved schistosomules., Cryo-
preserved schistesomules were held in liguid nitrogen for 60 min before
thaving and injecting into mice. Mice were challenged percutancously with
150 normal cercariac,

b
Fiftcen mice/group.

c l, . .
Groups 1 and 2 immunized on Days 1 and 14, and challenged on bay 70,

Groups 1 and 2 immunized on Days 1 and 14, and challenged on dDay 56,
—9-




Comparison of

Schil

b
Group

TAL ) V

Qne Verswsus

Bo., of schistusenul

I 3
Mice were challenged

56 of the experinent

c
All yreductions significant

Fiftecen, 6-wcek old-mi ce/qgroup.

at P £ 0,001,

i

Losoma manconi Schistasomalc on Induction o

) el ) 23 (g I LA
Rusziastanee in NIN/Borci

Adud t

recovery %

) Cryopreserved 1500 280 - 14 59
2 Unfreczen 150¢ 24 4+ 12 6H
controls
3 Cryopresorved 1500 2000 3% + 15 50
4 Unifrovon 1500 1500 28 + 12 59
CoOntruls
5 Non-inmunized 69 + 11
controls %

percutancously with 150 normal cercariace on Day




Yic. I Compurative cffects of cosling uate and guenching

1
4

temperatu e on recovery of normally active Schistosoms masiconi

schistosomtles (X + S8.8.). Cooling rotes: (D=7 s 0.2 Cfmin, ; g0
: /

0.4 Clmin; O——¢ , 0.8 C/m‘f.::;i‘,.";..--{f\)ll w4 C/man. Bk 0.4 C/nia and 6.8 O/miy

cooling rates, each curve represent: the results from siw Grperinents.,

At 0.2 C/win and 1.2 C/iw'n ecach curve represents the results Fren |
three experiments. The percentage of schistoscmiles cead at tho peak |
for each rate is: 0.2 C/min, 80%; 0.2 C/min, 44%; 0.8 C/min, 28¢

1.2 C/min, 67%. All experimenis used methanol (7. 5%) as the

cryoproteciive additive,
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