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Although a single oral infection of mice

with eggs of Hymenolepis nana stimulates

rapid development of a strong immunity to

reinfection, there have been no studies on

induction of protective immunity by Paren-

teral inoculation with eggs. It was estab

lished that shell-removed eggs of H. ?iana

would develop in the usual manner to the

cysticercoid stage within 5 days when in

jected subcutaneously or intramuscularly into

previously uninfected mice (Di Conza, 1968).

The majority of cysticercoids which developed

subcutaneously in normal mice survived 3

weeks (Di Conza, 1968), but no subcutaneous

development of cysticercoid larvae was ob

served when cracked eggs were injected sub

cutaneously into mice as late as 21 days after

previous oral egg infection (Furukawa, 1971).

The immediate objective of the work reported

here was to examine whether or not mice

would induce protective immunity against

the subsequent oral challenge with eggs of

H. nana if subcutaneously inoculated with

living eggs resulting in the subcutaneous

development of cysticercoids. Experiments

using neonatally thymectomized mice have

also been carried out in induction of the

protective immunity.

Materials and Methods

The animals used for experiments were

ICR mice born of uninfected mother. Some

of the mice were subjected to neonatal thy-

mectomy during the first 18 hours after birth

by the method as described previously (Oka-

moto, 1968). Eggs of H. nana were teased

from gravid proglottides and washed several

times with sterile physiological saline. Their

outer membranes were cracked and removed

by stirring with glass beads for approxi

mately 5 minutes according to the method

of Berntzen and Voge (1965). Saline rinsed

"cracked" eggs were then suspended in

physiological saline with penicillin added to

a concentration of 4,000 U/ml and left for

30 minutes. Following centrifugation (3,000

rpm), as much as possible of the supernatant

saline was removed. The sediment was re-

suspended in physiological saline. The eggs

were then injected subcutaneously into 1-

and 4-week-old mice using a tuberculin sy

ringe (size: 0.25ml). The dose was 5,000

and 50,000 eggs in a volume of 0.05 ml.

The inoculation site, especially the needle

puncture in the region of the back, was

carefully sealed with nail enamel and dried

to prevent oral contamination. Two dif

ferent types of eggs, living and killed, were

employed in the subcutaneous inoculation.

Killed eggs were prepared by lyophilizing

cracked eggs in a test tube for 5 hours be

fore suspending them in the sterile physio

logical saline. The inoculation procedure

was then similar to that used with living

eggs.
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To evaluate the degree of immunity re

sulting from one subcutaneous inoculation,

mice were challenged by oral exposure to

2,000 cracked eggs in 0.05 ml of saline. The

eggs were administered using a tuberculin

syringe fitted with a blunted needle either

1 or 3 weeks after subcutaneous inoculation.

The method of Hunninen (1935) was used

in examining small intestine for cysticercoids,

i. e., the mice were killed 4 days after chal

lenge and the intestinal villi were examined

for cysticercoids derived from the oral egg

challenge. The protection afforded by the

subcutaneous inoculation for each mouse was

determined by the absence of the intestinal

cysticercoids from the oral challenge.

Results

Results are summarized in Table 1 with

the number of mice in each of the following

categories based on cysticercoid counts : 0,

1-9, 10-99, MOO. The age of the mice at

the time of subcutaneous inoculation was

either 1 week or 4 weeks. In all the mice

inoculated subcutaneously with 5,000 eggs

at 1 week of age and challenged orally 1

week later, no cysticercoids were found which

developed in the intestinal villi. Whereas,

all the mice inoculated with the same egg

dose at 1 week of age and challenged orally

3 weeks later possessed the intestinal cysti

cercoids derived from the challenge. In the

inoculation experiments with 50,000 eggs, 13

of the 15 mice inoculated at 1 week of age

were negative for intestinal cysticercoids

from the challenge, even when the mice

were challenged orally 3 weeks later. In

contrast, almost all of the mice gave evidence

of challenge parasite development in the villi

when they were subcutaneously inoculated at

4 weeks of age, in spite of the same inter

vals from inoculation to challenge as those of

experiments with low-egg dose (5,000 eggs).

All of the 8 mice were positive for the in

testinal cysticercoids when they were chal

lenged 1 week after inoculation. Six of 9

mice also harbored intestinal cysticercoids

when they were challenged 3 weeks after

inoculation. These results not only indicate

Table 1 Protective immunity of mice inoculated subcutaneously with eggs of

Hymenolepis nana

Subcutaneous

inoculation

with

Controls

5,000

shell-removed

eggs

50,000

shell-removed

eggs

50,000

lyophilized

eggs

5,000

shell-removed

eggs

50,000

shell-removed

eggs

Age at

inoculation
(weeks)

—

1

1

1

4

4

1

1

1

Age at

challenge

(weeks)

2

4

No. of

mice

examined

3

38

No.

0

0

0

Nonthymectomized

2

4

4

5

7

4

12

17

15

8

9

9

12

0

13

0

3

0

of mice with following
cysticercoid counts

1-9

1

0

mice

0

5

0

1

1

0

Neonatally thymectomized mice

2

4

11

8

1

0

7

0

10-99

1

0

0

7

2

5

3

0

3

3

>100

1

38

0

5

0

2

2

9

0

5

No. /No.
infected/ challenged

3/ 3

38/38

0/12

17/17

2/15

8/ 8

6/ 9

9/ 9

10/11

8/ 8

( 12 )
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that prior subcutaneous inoculation with eggs

of H. nana to a great extent elicites protec

tive immunity to oral infection with eggs,

but also that the age of the mouse at the

time of inoculation influences its ability to

evoke protective immunity to H. nana in

the intestinal villi.

It was of interest to see if killed eggs

were effective in the induction of protective

immunity. Nine mice inoculated subcutane-

ously with 50,000 lyophilized eggs at 1 week

of age and challenged orally 3 weeks later

were all positive for the intestinal cysticer-

coids from the challenge. All of the mice

harbored more than 100 cysticercoids. Al

most all of the mice thymectomized at birth

suffered oral infection when they were ino

culated subcutaneously with either 5,000 or

50,000 living eggs at 1 week of age. All the

mice, including nursing mothers, used in the

present experiments were completely free of

the lumen-dwelling adult worms from sub

cutaneous inoculation and/or from oral con

tamination.

Discussion

When Hymenolepis nana eggs were in

jected subcutaneously into mice, the parasites

appeared to remain localized and developed

to cysticercoids. From the data presented,

it is obvious that the subcutaneous develop

ment of H. nana cysticercoids from living

shell-removed eggs was immunogenic to the

subsequent oral egg infection. In mice in

oculated with 5,000 living eggs at 1 week

of age, all the mice were resistant against

the subsequent oral challenge with eggs,

when the interval between inoculation and

challenge was 1 week, but none of the mice

were resistant when it was 3 weeks. Whe

reas, in mice inoculated with high-dose eggs

(50,000 living eggs) at 1 week of age, almost

all of the mice were resistant even when

the interval was 3 weeks.

Insofar as migration of lymphocytes into

the mouse small intestine are concerned,

several answers to this question are already

available. Parrott and Ferguson (1974) re

ported the results of extensive research on

the migratory behaviour of lymphocytes to

lamina propria or Peyer's patches of mouse

small intestine. They indicated that triti-

ated thymidine labelled cells from mesenteric

lymph nodes of donor mice infected sub

cutaneously with a thousand Nippostrongylus

braziliensis larvae were found in Peyer's

patch tissue and lamina propria of both

grafts of feotal small intestine under kidney

capsule and normal small intestine, but the

labelled lymphocytes from oxazolone-primed

lymph nodes did not migrate to the villi.

Direct evidence for the thymic origin of most

lymphocytes in developing Peyer's patches

of newborn mice has also been obtained by

isotopic marker experiments (Joel et at.,

1971). They showed that thymic migration

begins earlier and in mice beyond the neo

natal stage only a few thymocytes which

migrated from the thymus to Peyer's patches

were found in the intestine. This fact may

be partly due to the large number of lym

phocytes already present in the gut-associated

lymphoid tissue at that age. These studies

raise the possibility that, in immature mice

at least, lymphocytes migrate from lymph

nodes and thymus to Peyer's patches and/or

lamina propria. The data obtained here

also showed that, if mice were 4 weeks old

when inoculated subcutaneously with 50,000

H. nana eggs, a high-level of protection did

not develop within 3 weeks after inoculation.

This result indicates an inability of mice

over 4 weeks of age to become immune to

H. nana oral infection by the parenteral

inoculation of H. nana eggs, while mice

below 1 week of age had an ability to become

immune.

It would appear that the concept of local

immunity in the intestinal tract, which has

recently been investigated and described in

relationship to antibody (mainly secretory Ig

A), must be expanded to include also cell-

mediated immunity. In assessing the mecha

nisms of immunity against H. nana not only

should the location of the immunity ; i. e.,

intestinal villi (oral) versus systemic (paren

teral) be considered, but also the relative
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roles of humoral and cellular immunity. The

experiments with neonatally thymectomized

mice showed that the intestinal defence

mechanism evoked by the parenteral inocu

lation with H. nana eggs is thymus-depen-

dent, just as the protection elicited by the

previous oral administration of eggs is (Oka-

moto, 1968).

Astafiev (1966) reported the possibility of

migration of H. nana from intestinal tract

and finding cysticercoids in the liver, spleen,

lungs and mesenteric lymph nodes. When

H. nana eggs were injected subcutaneously,

the cysticercoids appeared to remain localized

(Furukawa, 1971). Di Conza (1970) stated

that, when a light immunizing infection was

given to mice subcutaneously and these mice

were later challenged with eggs orally, few

larvae succeeded in establishing in the intes

tinal villi. In the present study, we indicated

that some of the mice injected subcutane

ously with living eggs were resistant against

the subsequent oral egg challenge. The ex

periment reported here did not include a

group of inoculated but not challenged mice.

We realized that a subcutaneous inoculation

of 5,000 to 50,000 living "cracked" eggs

might lead to a few adults in the intestinal

lumen. This could occur either by mice

licking at the injection site after removal of

the needle and leakage of some of the eggs

or by direct migration of some larvae from

the injection site. However, all the mice,

including nursing mothers, were completely

free of the lumen-dwelling adult worms from

oral contamination and/or subcutaneous in

oculation at autopsy. This indicated us that

the inclusion of a inoculated but not chal

lenge group was not necessary in evaluating

the effect of subcutaneous development of

cysticercoids on acquired immunity.

Previous work by Okamoto et at. (1974)

has indicated that the upper limit of the

period of an unresponssive state varies in

different strains of mice but, in ICR mice,

not extends far beyond about 1 week of age.

There is interest in around the time of 1

week in age of mice as a critical point re

sponsible for the development of immuno-

logical facilities. The result, presented in

this paper, shows that the earlier the mice

were inoculated subcutaneously with eggs,

the higher the acquired immunity in the

intestinal villi against H. nana oral infec

tion. Although highly speculative, one could

consider the hypothesis that the locality of

immune mechanisms in the intestinal tract

is ontogenitically built up ; i. e., such locality

does not fully develop yet in early life of

mice during which lymphocytes migrate

into gut-associated lymphoid tissue. Further

works along this hypothesis with more suit

able antigens will be necessary.

Summary

Shell-removed eggs of Hymenolepis nana

were subcutaneously inoculated into 1- and

4-week-old mice. These mice were orally

challenged with 2,000 eggs 1 week or 3 weeks

after the inoculation. The degree of pro

tection against oral challenge was assessed

by examination for the absence of intestinal

cysticercoids 4 days after the challenge. In

mice inoculated with 5,000 eggs at 1 week

of age, all the mice were resistant against

oral challenge when the interval between

inoculation and challenge was 1 week, but

none of the mice were resistant when it was

3 weeks. In mice inoculated with 50,000

eggs at 1 week of age, almost all of the mice

were resistant even when the interval was

3 weeks. If mice were 4 weeks old when

inoculated with 50,000 eggs, a marked degree

of protective immunity did not develop in

their intestinal villi. The results also in

dicate that the defence mechanism evoked

by the parenteral inoculation with eggs is

thymus-dependent.
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