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Interest in the host-parasite relationship
in schistosomiasis has been greatly stimulated
by the experiments of Smithers and col-
leagues in which surgical interhost transfers
of adult or juvenile schistosomes have heen
performed. They have shown that Schisto-
soma mansoni adults can be surgically trans-
ferred from rodents or rhesus monkeys into
normal or immunized rhesus where the worms
resume egg laying or are destroyed by host
reactions evoked by host-specific antigens
(Smithers et al., 1969). Monkeys immunized
with mouse spleen and liver cells or with
erythrocytes with Freund’s complete ad-
juvant destroy worms transferred from mice,
while worms from other rodents or monkeys
survive and resume egg production in simil-
arly treated hosts. They have established
that Schistosoma adults have an
exterior coating of host antigens acquired
after about seven days in the host (Clegg
et al., 1971a), which is not readily removed
by washing (Clegg et al., 1970) and which
persists for about seven days following
transfer of the worms from mice to monkeys,
after which it is replaced by antigens from
the new host (Smithers e al., 1969). In
monkeys immunized against mouse -cells,
worms transferred from mice die after 7-25
hours, with a destruction of the worm in-
tegument (Smithers ez al., 1969). Incorpora-
tion of host antigens, such as those of human
blood groups, also occurs during n vitro
worm cultivation, so that monkeys immunized
with human A or B blood cells destroy worms
cultured in media containing cells of that
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blood group (Clegg ef al., 1971b). Smithers’
group (Smithers and Terry, 1969) propose
that these exterior coatings of host antigen
enable Schistosoma mansoni to survive in the
immunologically hostile environment of the
host in a manner analogous to the concomi-
tant immunity of tumor cells (Gershon er a/.,
1967). The importance of these findings to
the understanding of host-parasite relation-
ships in schistosomiasis prompted us to try
to confirm some of their work and to
determine whether this phenomenon also

occurs with S, japonicum.

Materials and Methods

Duplicate experiments were performed
using S. mansoni and S. japonicum. Parasite
strains used were a Puerto Rican strain of
S. mansoni maintained in laboratory mice
and Biomphalaria glabrata and a Japanese
strain (Yamanashi Prefecture) of S. japonicum
maintained in mice and Oncomelania hupensis
nosophora. Rhesus monkeys (Macaca mulat-
ta) were obtained through a primate dealer
Exposure of mice to S. manson:
cercariae was by tail immersion for 30
minutes under restraint in plastic capsules
(Broome and Radke, 1971) and to S. japoni-
cum cercariae by counting the cercariae with a
bacteriological loop onto microslide cover glass-
es, which were then placed for 15-20 minutes
on the shaved and washed skin of mice
anesthetized with chloral hydrate (Relaxans
~—Pitman-Moore, Inc—0.4mg/g of body
Monkeys anesthetized with phen-

in India.

weight).
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cyclidine hydrochloride (Sernylan—Bio-ceutic
Laboratories, Inc.—1mg/kg of body weight)
were exposed to S. mansoni by pipetting
cercariae onto the clipped and
abdominal skin (30 minutes) and to S. jap-
onicum by the same technique as that for
Adult worms for surgical transfer to

washed

mice.
monkeys were collected from the infected
mice or monkeys seven weeks after exposure
and were transferred with sterile techniques.
Before perfusion, heparin (100 units for mice,
1,000 units for monkeys) was injected 1. V.,
and the animals were killed by an 1. V. in-
jection of pentobarbital. After placement of
appropriate ligatures to confine the flow of
perfusion fluid to the mesenteric system and
out the portal vein opened close to the liver,
sterile Hank’s tissue culture medium conta-
ining 1g of glucose per liter was injected
into the aorta. The worms flushed from the
portal vein were collected on sterile 4-cm s-
quare pieces of stainless steel screen (105 mesh,
0.17-mm openings) and transferred to dishes
containing Hanl’s solution with glucose. Af-
ter being washed in three changes of Hank’s
solution, the worms were pipetted into the
plastic tubing (0.2X31.5cm) of a disposable-
type pediatric intravenous injection set fitted
with a 19 ga. needle (Abbott Laboratories).
A 5-ml syringe containing Hank’s solution
was attached to this tubing for injection of
the worms. This transparent tubing permit-
ted observation of the worms during the
necessary manipulations to distribute the
worms evenly along the tubing and during
the injection to assure that all worms had
heen flushed into the vein. Fifty worm
pairs were transferred to ecach recipient
monkey for the S. mansoni experiment, and
30 pairs for the S. japonicum.

Worm recipient monkeys were immobilized
with phencyclidine during presurgical pre-
paration and were anesthetized by inhalation
of methoxyflurane (Penthrane—Abbott La-
boratories) during the laparotomies. A loop
of small intestine was manipulated through
the 5- to 6-cm medial incision, the needle
attached to the I.V. set was inserted into a
suitable and the worms

mesenteric vein,
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were slowly injected. The vein was flushed
with the 1-3ml of Hank’s remaining in the
syringe to assure that the worms had passed
on toward the portal vein. Bleeding from the
vein after withdrawal of the needle was
prevented by the application of manual
pressure until clotting had closed the opening.
The intestine was kept moistened with
sterile saline during the injection. No bandag-
ing was required after closure of the incision
with gut and polyethylene sutures. Chlor-
omycetin (100 mg/kg) was administered to
each monkey before being returned to its
cage. Blood for bacterial cultures was drawn
from a femoral vein of recipient monkeys
just before surgery, at one and five days
thereafter, and at the time of necropsies.
A sample of the fluid remaining in the
tubing after injection of the worms was also
taken for bacterial culture.

Four weeks after the worms had been
injected, all monkeys were injected with
heparin and killed by injection of pentoba-
rhital. The mesenteric circulation and liver
were perfused with physiological saline, and
the worms were collected on stainless steel
screens (105 mesh, 0.17- mm openings) in
plastic capsules (Radke ez al., 1962)
counted. Samples of liver from different
lobes totaling about 50g for each monkey
were weighed, and {frozen for
subsequent egg counts after digestion with
49, KOH (Cheever, 1968). Red blood cells
from normal laboratory mice were washed
three times in Hank’s solution; 0.4ml of
packed cells was emulsified with an equal
volume of Freund’s complete adjuvant (FCA-
Difco) ; and 0.2ml of the mixture was in-
jected into each of four sites (.M. in each
thigh, S.C. into each axilla-Smithers et al.,

1969) Six ad-
ditional monkeys injected
with FCA emulsified with equal volumes of
Hank’s (0.2ml in each of the four sites).

and

removed,

on each of six monkeys.

were similarly

Monkeys were injected with mouse cells with
FCA or with adjuvant alone twice (at three
weeks and one week for the S. mansoni
weeks and two

experiment)

and at four
the S. japonicum

experiment
weeks for



before worm transfers were made. Just
before the worm transfers, blood was col-
lected for determination of titers to antigens.
Sera from all monkeys were tested using a
passive hemagglutination in microtiter plates
against washed mouse erythrocytes. In con-
ducting the research described here, the in-
vestigators adhered to the ‘‘Guide for La-
boratory Amnimal Facilities and Care’ as
promulgated by the Committee on the Guide
for Laboratory Animal Facilities and Care of
the Institute of Laboratory Animal Resources,
U.S. National Academy of Sciences, U.S.
National Research Council.

Results

S. mansoni experiment

In preliminary experiments designed to
standardize surgical and other techniques
required, we added sodium barbital (200
mg/liter) to the first wash in Hank’s solution
in order to relax the worms for ease of
handling during subsequent injections. In
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monkeys and hamsters perfused 72 hours
after having been injected with S. mansoni
adults from mice or hamsters, most worms
recovered were surrounded by massive clots
of blood cells and appeared to be dead. In
monkeys perfused five weeks after receiving
worms from mice, only two stunted living
worms were recovered from each of two
monkeys out of twelve examined. In subse-
quent transfers, barbital was not used, and
we were able to confirm the work of the
British group with S. mansoni.

No worms were recovered from monkeys
immunized with mouse RBCs with FCA
and injected with S. mansoni adults from
mice (Table 1, group II). The 44 % mean
percent recovery of worms from monkeys
recelving mouse WOrms being im-
munized with FCA alone (Table 1, group I) was
considerably lower than that (84 %) reported
by Smithers et al. (1969). Injection of mouse
RBCs with FCA did not decrease the percent
recovery of monkey derived worms as com-
pared with the recovery of monkey worms

after

Table 1 Worm recoveries and eggs per gram of liver per female worm in
monkeys 4 weeks after implantation of Schistosoni mansoni
adults and hemagglutination titers at time of surgery

Immuni-

% worm recovery

3 Monkey Worm = = ¢ gt g
Group no. donor zation™® Indi- Group EGLFf  Titer
vidual mean
1 25 mouse FCA 61 44 11 —
31 mouse FCA 32 10 —
35 mouse FCA 40 5 —
I mouse RBC+FCA 0 0 0 4,096
12 mouse RBC+FCA 0 + 512
20 mouse RBC+FCA 0 0 1,024
m 15 monkey FCA 55 54 13 —
16 monkey FCA 32 18 —
30 monkey FCA 76 16 —
w 2 monkey RBC-+FCA 78 66 6 256
4 monkey RBCH+FCA 39 25 16,384
11 monkey RBC+FCA 82 7 1,024

* FCA=Freund’s complete adjuvant ; RBC+FCA =red blood cells plus FCA.

+ EGLF=eggs per gram of liver per female worm recovered; -

positive, but less than 1 EGLF.

+ indicates

1 Reciprocal of hemagglutination titer; — indicates negative.

(61)
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from monkeys immunized with FCA alone apparently did not affect th
(group III). As reported by the
investigators, somewhat fewer female than

male S. mansoni were recovered from mon- S. japonicum experiment
keys receiving mouse worms (a mean ratio In the experiment utilizing
of 1.8 male to 1 female); in both groups (II worms, no worms were recovered from

and IV) which received monkey worms, the
male-to-female ratio was 1.1:1.

on eggs per gram of liver per
recovered indicate that egg production was recovery of mouse-derived wo
occurring (Table 1). The wvariability was rved in monkeys immunize

too great for valid generalization, but it ap-
peared that the mouse-derived S. mansoni

The data

British recovery of transferred monke

female (Table 2, group II). With this

e survival and
vy worms.

S. japonicum

monkeys immunized with mouse RBCs with
FCA before receiving mouse schistosomes
species a low
rms was obse-
d with FCA
(group 1), but survival of transferred monkey
worms (groups 1II and IV) was comparable
More {female

were producing eggs at a rate somewhat to that seen with S. mansoni.
lower than that of monkey-donor worms. worms (male-to-female ratio 1:1.4)
A few eggs (about two per gram of liver) males were recovered in all groups.

were found in the liver of monkey No. 12,
although no worms were recovered at nec-
ropsy. Serum hemagglutination titers to monkeys injected with monkey-derived
mouse RBCs (Table 1) for monkeys injected worms than in those with mouse worms.
with mouse cells ranged from 1: 256 to 1: 16,
384. This demonstrated that antibodies to
mouse cells were present; however, these

greater accummulation of eggs in the liver
per S. japonicum female was observed in

A mean value of 42 S. japonicum eggs per
gram of liver was found for monkeys (group
1I) from which no worms were recovered. One

Table 2 Worm recoveries and eggs per gram of liver per female worm in
monkeys 4 weeks after implantation of Schistosoma japonicum
adults and hemagglutination titers at time of surgery

Monkey

Worm

2, worm recovery

Immuni-

Group® no. donor zationT Indi- Group EGLF:  Titer§
vidual mean
1 mouse FCA 12 15 19 —
22 mouse FCA 17 17 =
I 7 mouse RBC+FCA 0 0 + 256
18 mouse RBC+FCA 0 + 256
21 mouse RBC+FCA 0 + 512
m 23 monkey FCA 58 66 60 —
28 monkey FCA 72 95 —
36 monkey FCA 68 35 —
v 6 monkey RBC+FCA 57 51 48 1,024
19 monkey RBC+FCA 45 64 256

One monkey designated

for group I died during surgery; data for one

monkey in group IV not obtained because of technical failure during worm

injection.

# FCA=Freund’s complete adjuvant ; RBC+FCA=red blood cells plus FCA.

positive, but less than 1 EGLF.
§ Reciprocal of hemagglutination titer; — indicates negative.
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* EGLF =eggs per gram of liver per female worm recovered; + indicates



monkey in group I died during surgery
because of respiratory failure, and data on
one monkey in group IV were not obtained
owing to technical failure during injection
of the worms. Serum hemagglutination
titers (Table 2) to mouse RBCs were lower
than in the S. mansoni experiment (range
1:256 to 1:1,024). These antibodies did
not appear to affect the recovery of monkey
worms.

In both experiments blood cultures taken
before and after surgery were negative for
growth after seven days’ incubation for all
monkeys. In three cases the Hank’s susp-
ension fluid remaining after injection of the
worms was positive for bacteria by culture
(two with Staphylococcus epidermidis and one
with Alcaligenes denitrificans), but no ba-
cteria were cultured from the blood of these
three monkeys one day later, or subsequently.
These tests were performed to detect any
possible erratic results which might be
attributable to worm destruction during
concomitant bacteremias resulting from
contamination during worm transfers (Ottens
and Dickerson, 1972).

Discussion

Although in vitro experiments (Sell and
Dean, 1972; Dean and Sell, 1972 ; Damian
et al., 1973) have demonstrated the presence
of host or host-like antigens associated with
the tegument of Schistosoma mansoni, to our
knowledge this is the first report confirming
the Smithers’ group findings on the destruc-
tion of mouse worms in monkeys immunized
with mouse cells. Our experiments have
shown that this rhesus-schistosome phenom-
enon also occurs with S. japonicum.

In our preliminary experiment we found
that worms exposed to sodium barbital
during the washing in Hank’s solution
became surrounded by host cells and died
after transfer to normal, as well as im-
munized, rhesus. It seems likely that suc-
cessful transfers of schistosomes require that
the worms remain active after placement
into the blood stream of the new host in
order to remain free of clots and attack by

(63)
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nonspecific cellular defense mechanisms. It
has become standard practice in many
laboratories working with schistosomes to
kill animals before perfusion by an overdose
injection of pentobarbital which relaxes the
worms and facilitates perfusion. This an-
esthetic apparently does not produce the
effect we observed barbital,
because the dose to which the worms are
exposed is less or because of the shorter-
action characteristics of pentobarbital.

with either

The liver egg count data revealed that
had
resumed egg laying by the time of necropsy
four weeks after their transfer to rhesus.
Because we did not study fecal egg passage
and a rapid destruction of schistosome eggs
occurs in tissues in rhesus monkeys (Cheever
and Powers, 1971), no conclusions can be
formed on differences in the rate of egg
production by worms from mice or monkeys.
However, it is noteworthy that in monkeys
receiving monkey-S. mansoni after being
immunized with FCA alone, the number of
eggs per gram of liver per female was about
one-fourth that in similarly treated rhesus
which received S. japonicuwm. A ratio of
1:10 in egg production capacity of 5.
mansont, compared to that of S. japonicum,
has been reported (Moore and Sandground,
1956 ; Moore and Warren, 1967). The dispa-
rity in our results may be the consequence
of a greater proportion of S. japonicum eggs
being passed in the feces rather than being
carried to the liver, or of a faster rate of
destruction of S. japonicum eggs in tissues.
The presence of a few eggs in the liver of
one monkey in group II (Table 1) in the S.
mansoni experiment and a few eggs in all three
in group II of the S. japonicum experiment
(Table 2) suggests that mouse worms may have
survived and produced eggs for some time in
the anti-mouse monkeys, although all worms
had disappeared by four weeks after the trans-
fer. However, it is likely that these few eggs
still remained in the tissues from the first
few days after entering the new host, since

Cheever and Powers (1971) found that the

rate of egg destruction in previously unin-

schistosomes transferred from mice



314

Soc. Exp. Biol. Med., 131, 1146-1149.

14) Moore, D. V., and Sandground, J. H. (1956) :
The relative egg producing capacity of Schi-
stosoma mansoni and Schistosoma japonicun.
Am. J. Trop. Med. Hyg., 5, 831-840.

15) Moore, D. E., and Warren, K. S. (1967) :
Hepatosplenic schistosomiasis mansoni and
japonica compared in mice each infected
with one pair of worms. Trans. Roy. Soc.
Trop. Med. Hyg., 61, 104-109.

16) Ottens, H., and Dickerson, G. (1972) : Studies
on the effects of bacteria on experimental
schistosome infections in animals. Trans.
Roy. Soc. Trop. Med. Hyg., 66, 68-107.

17) Radke, M. G., Garson, S., and Berrios-Duran,
L. A. (1962) : Filtration devices for separa-
ting parasites from fluids. J. Parasit., 48,
500-501.

18) Sadun, E. H. (1963) : Immunization in schi-
stosomiasis by previous exposure to homo-
logous cercariae by inoculation of preparations
from schistosomes and by exposure to ir-
radiated cercariae. Ann. N. Y. Acad. Sci.,
113, 418-439.

19) Sadun, E. H., Bruce, J. I., and Macomber,
P. B. (1964) : Parasitologic, pathologic, and

serologic reactions to Schistosoma mansoni in
monkeys exposed to irradiated cercariae. Am.
J. Trop. Med. Hyg., 13, 548-557.

20) Sell, K. W., and Dean, D. A. (1972):
Surface antigens on Schistosoma mansoni. 1.
Demonstration of host antigens on schisto-
somula and adult worms using the mixed
antiglobulin test. Clin. Exp. Immunol., 12,
315-324.

21) Senft, A. W. (1973) : Released enzymes from
schistosomes and their sensitization of the
host. Presented before the T'welfth Southeast
Asian Reg. Sem. on Trop. Med. & Pub.
Hith. and Fourth Sem. on Trop. Med.
Seoul, June 1973.

22) Smithers, S. R., and Terry, R. J. (1967) :
Resistance to experimental infection with
Schistosoma mansoni in rthesus monkeys in-
duced by the transfer of adult worms. Trans.
Roy. Soc. Trop. Med. Hyg., 61, 517-533.

23) Smithers, S. R., Terry, R. J., and Hockley,
D. J. (1969) : Host antigens in schistosomia-
sis. Proc. Roy. Soc. Ser. B, 171, 483-494.

24) Smithers, S. R., and Terry, R. J. (1969) :
Immunity in schistosomiasis. Ann. N. Y.
Acad. Sei., 160, 826-840.

J—HREBE X —I2EH2I 0V EMREE S UFARENRED
Host-Parasite Relationships: BB O RAEBHEIZDOT

D. G. Erickson - R. J. Beattie - |HORBE - EIRIF
J. E. Williams
(e Wiz & EEPZED) (5L 406 [Z65)

Z O—3E O £ET Smithers Hlz kD #iE -~
T AL VBN Y R R 7 AR
THELERZY) — P ABE LU F IR LEEIRS
N EEEORSN, Y ELREOFRL R
L, BAEMERICLARONS0:%, BAYLLZL®
Thoiz. MHIT, T 2RO o AR RS
FHWT, ke elFo BAEm TS E v TR
1727, ZOfRE, <Y ARMEERS T ARL, H
BT~ 7 A ORRIMERKIZ L TR Eni ) —F AfE

(66)

VBT bR, EXATHEESRA I
Iowohic, 5, Br3—25, RRCLEYEShE
Err—lrBEshehET, EFE TSI AL
Ihic. FLTZOHESL, V-V AEEF -0
i EAEELHBIZOWTLABRDZ ERHLRIC
=hiz.

WD, ZomEpEEE, FXAOREEOBLE XX
BhiEosnZ EbHELscEhE. FLT, Z0HEAE
ST 2 LISV T D, BEP{TOR.



