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Introduction

The marked protective immunity against

Hymenolepis ?iana infection in mice has been

well documented (Gemmell, 1976), but the

mechanism of the worm expulsion from pre

viously infected mice is unknown. Bailey

(1951), dealing with the histological observa

tions on the host-tissue reactions to primary

and secondary infections with H. ?iana in

mice, proposed that the great majority of

the oncospheres are unable to penetrate the

intestinal mucosa of the previously infected

mice, and the few larvae which are able to

gain access to the lamina propria of the in

testinal villi are killed by the accelerated

host-tissue reactions. However, his observa

tions on the intestinal pathology have based

on a small number of animals and the cellular

reactions of the intestine in response to secon

dary infection was not fully investigated.

In addition, the chronological order observa

tion made at about 24-hour intervals after

infection (Bailey, 1951) appears to be insuf

ficient, since (i) the protective action of

previously infected mice is considered to be

directed against the oncosphere before or

shortly after penetration of the intestinal

mucosa of infected mice (Ito and Yamamoto,

1976), and (ii) the penetration of H. nana

oncospheres into the intestinal mucosa is

known to be a fairly rapid process (Miya-

zato et al., 1977). The lack of detailed ob

servations on the histopathology due to H.

nana infection in mice prompted the present

work, and we paid a special attention to

the fate of oncospheres derived from the

secondary infection at the early stage of in

fection.

Materials and Methods

The maintenance of H. nana life cycle in

ddY mice, collection of mature eggs, removal

of egg-shells before infection and the method

of oral infection have been described pre

viously (Furukawa, 1974).

Sixty ddY mice were weaned at 3 weeks

of age and when 8 weeks old, they were

randomly divided into three groups. Twenty

eight mice were infected orally with 10,000

shell-removed eggs of H. nana each and two

pairs of infected mice were killed 4, 8, 16,

24, 48, 72 and 96 hours after infection. These

mice given only primary infection were re

ferred to as nonimmunized mice. Another

28 mice were initially infected orally with

10,000 eggs. Ten days later they were chal

lenged orally with 50,000 eggs and two pairs

were killed according to the same schedule

as described above. These mice given prior

stimmulating infection before being given

challenging infection were referred to as im

munized mice. Two uninfected mice (con

trols) were killed on day 1 and other 2 mice
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tissue taken 4, 8, 16 and 24 hours after pri

mary infection evidenced that the oncosphe-

res reached the lamina propria of the villi

as early as 4 hours after infection (Fig. 2)

and they grew into a spherical ball of cells

during the next 20 hours (stage 1, Figs. 3-

5). A small number of mononuclear cells

was noted around the oncosphere at 16 hours

after infection (Fig. 4) and there was a mild

infiltration of neutrophils and mononuclear

cells adjacent to the larvae at 24 hours of

infection (Fig. 5). At 48 hours of infection

an eccentric and rounded cavity was formed

in the half of the larval body (stage 2, Fig.

6). At this time, the host-tissue reaction

consisted of a small number of neutrophils

around the growing larva, and some eosino-

phils were occasionally observed in the lesion.

The formation of the outline of the suckers

and rostellum, and the invagination of the

anterior part of the larval body occured at

the end of 72 hours after infection (stage 3

and 4, Figs. 7, 8). The cysticercoids of which

the rostellar hooks and scolex musculature

appeared to reach full growth were observed

in the villi at 96 hours after infection. The

cellular infiltration reached a zenith during

72 and 96 hours after infection. A consider

able number of neutrophils, some eosinophils

and mononuclear cells were observed around

the larvae and throughout the villus. The

degenerating cells with darkly stained nu

clear debris appeared in the lesion around

the larvae and edema was also prevalent

throughout the villus. Figs. 2-8 show that,

despite the presence of rapidly growing lar

vae and gradual increase of the infiltration

of inflammatory cells, the intestinal mucosa

preserved their general morphology (cf. Fig.

1) until the end of 72 hours after infection.

At 96 hours after infection, however, the

hight of mucosal villi was variable (Figs. 9,

10). In most cases the villi with mature

cysticercoids were shortened and more dilated

than normal, and the epithelium near the

larvae usually consisted of rounded columnar

cells often with an indistinct brush border.

Secondary infection. It was noted that

only a small number of oncospheres were

able to invade into the intestinal villi of

immunized mice though quantitative assess

ment was not done in the present study.

Although the egg dose level of secondary

infection (50,000 eggs) was five times larger

than that of primary infection, the number

of larvae found in the tissue sections from

immunized mice was markedly smaller than

that found in those from nonimmunized mice.

However, observations of the intestinal tis

sues taken 4, 8, 16 and 24 hours after second

ary infection showed that a few oncospheres

derived from secondary infection could enter

the intestinal villi of immunized mice as

early as 4 hours after infection (Figs. 11,

12) and they increased somewhat in size

during the next 20 hours (stage 1, Figs. 13-

18). These larvae die not show any further

development. None of the larva were found

in section of intestine taken 48, 72 and 96

hours after secondary infection.

The histopathological reactions of the in

testinal tissue during the first 24 hours of

secondary infection were characterized by its

earliar initiation and greater severity as com

pared with that of primary infection. The

first sign of infiltration of neutrophils and

some mononuclear cells around the larva was

noted 4 hours after infection (Figs. 11, 12).

A small granulomatous nodule with the

neutrophils and eosinophils as the dominant

cells was rapidly developed around the larva

within the next few hours (Figs. 13, 14),

and this reaction reached a peak at 16 and

24 hours of infection (Figs. 15-18). Mucosal

edema was evident and nuclear debris was

frequently observed around the larva. The

gross abnormalities in the morphology of the

villi also became evident at the early stage

of infection. The intestinal villi with in

vaded oncospheres were usually short, stub

by and irregular in shape (Figs. 13-18). The

epithelial cells of these villi were often cu-

boidal, rounded or flattened, and there was

an occasional sloughing of the epithelial cells

(Fig. 16). The severe tissue reactions of the

villi against the larva diminished very

rapidly, and only a moderate number of

mononuclear cells were noted in the lamina
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propria of some villi 48 hours after secondary

infection. The topography of the villi at

72 and 96 hours of secondary infection ap

peared quite normal.

Discussion

Several investigators have suggested a pos

sibility that the oncosphere of H. nana is

strongly immunogenic and the protective

immunity to challenge infections may be

thus directed against this particular organism

before or shortly after penetration into the

intestinal mucosa of the previously infected

mice (Bailey, 1951 ; Di Conza, 1969 ; Furu-

kawa, 1974 ; Ito, 1975). Ito and Yamamoto

(1976) presented evidence to support this

possibility and suggested that, in immunized

mice, resistance in both the intestinal lumen

and villi take a share in the rejection of the

larvae. The results presented in this paper

indicated that the oncospheres in nonim-

munized mice developed to mature cysticer-

coids in a similar manner to that described

previously by Bailey (1951). In immunized

mice, however, only a small number of

oncospheres were able to penetrate into the

intestinal villi and none of them showed

any further development beyond stage 1.

These results seem to provide further evi

dence for the observations of the previous

workers.

A marked inflammatory reaction was ob

served around the invaded larvae in the

intestine of both nonimmunized and im

munized mice. However, the histological

changes differed considerably with each

other. In nonimmunized mice, the infiltra

tion of a small number of neutrophils was

noted by 24 hours after primary infection,

indicating that the acute stage of inflamma

tion had been initiated. This reaction with

predominant infiltration of neutrophils and

some eosinophils reached a peak 72 and 96

hours after infection. In immunized mice,

the second infection provoked an acute in

flammatory reaction as early as 4 hours after

challenge infection. The inflammatory reac

tion reached a zenith between 16 and 24

hours after challenge infection and in such

cases a considerable number of neutrophils

and eosinophils formed a small granulomatous

nodule around the path of oncospheres.

The infiltration of eosinophils and the

changes in topography of the villi also ap

peared to be more remarkable in the im

munized mice. The inflammation diminished

rapidly during the next 24 hours and no

larvae was found in the intestinal tissue

thereafter. It is apparent therefore that

the inflammation in immunized mice was

initiated sooner, developed a more rapid

course and was more severe than that in

nonimmunized mice. These results are sug

gestive that the inflammation observed in

nonimmunized mice would be a nonspecific

reaction, giving no harmful effect on the

larval development. On the other hand,

the inflammation in immunized mice would

be an accelerated and intensified reaction,

closed associated with the acquired immu-

nological responses (allergic inflammation),

which results in a complete expulsion of

the oncospheres from the immunized mice.

It has been reported that infections of

adult Raillieti?ia cesticillus in the intestine

of fowl caused mononuclear cell infiltration

in the tissues around the worm scolices and

such an infiltration was more prominent in

secondary infections (Gray, 1973, 1976). An

inflammatory reaction with prominent infil

tration of neutrophil and eosinophils in the

bile-duct of mice infected with adult Hy-

menolepis microstonia has been reported by

several investigators (Lumsden and Karin?

1970; Sandborn et al.9 1970; Gleason, 1971).

However, no comparable studies have been

made as yet on the histopathology of larval

cestode infections. The result of the present

study suggests that the inflammatory re

actions to H. nana larvae differ from the

reactions to adult cestodes in that the initia

tion and development of inflammatory reac

tion to H. nana larvae is unexpectedly rapid.

This difference appears to become more ap

parent at the time of secondary infection.

The probable reason for this difference would

be that the metabolic by-products of H. nana.
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oncospheres may be very iritative. It may

also be due to the fact that the oncospheres

are able to penetrate into the intestinal villi

very rapidly (Miyazato et al., 1977), and that

almost all of these larvae do not migrate

from the lamina propria of the villi after

penetration.

It should be mentioned that little experi

mental attention has been given to the effect

of host immunity on the eggs or on the newly

hatched oncospheres in the intestinal lumen.

Several investigators have suggested that the

intestinal epithelium of the immunized mice

becomes a serious barrier to the invasion of

H. nana oncospheres (Bailey, 1951 ; Wein-

mann, 1966). However, we found that the

penetration of H. nana oncospheres into the

intestinal villi was very rapid and the host

tissue destruction by the oncospheres was

not merely enzymatic but physical as well

(Miyazato et al., 1977). These findings seem

to give a little doubt as to whether the

intestinal epithelium can in fact act as an

intestinal barrier. Rather, it is likely that

the majority of the hatched oncospheres in

the intestinal lumen of immunized mice be

come inert or are killed by a specific im-

munological reaction.

Summary

Observations were made on the larval

development and histopathology of the small

intestine of mice which were given primary

and secondary infections with Hymenolepis

nana eggs. In primary infection, the on

cospheres developed into mature cysticercoids

at 96 hours of infection. An acute stage of

inflammation with predominant infiltration

of neutrophils and some eosinophils was ini

tiated around the larvae 24 hours after in

fection and reached a peak from 72 to 96

hours after infection. In secondary infection,

only a small number of oncospheres were

able to penetrate into the intestinal villi of

mice, and these larvae did not show any

further development beyond stage 1. No

larvae was found in the intestinal tissues 48,

72 and 96 hours after secondary infection.

An acute stage of inflammation was noted

4 hours after infection and reached a zenith

from 16 to 24 hours after infection. In such

cases, a small but distinct granulomatous

lesion consisting of neutrophils and eosino

phils was formed around the oncosphere.

The inflammation rapidly waned thereafter.

An important protective role of the host

immunity which was probably operated in

the intestinal lumen, but not in the intestinal

tissue, of previously infected mice was dis

cussed.
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Explanation of Figures

Fig. 1 Section of the intestinal mucosa of uninfected control mouse. Note the tall villi covered

with tall columner epithelial cells. The lamina propria of the villi is moderately cellular. HE. X140.

Fig. 2 Nonimmunized mouse 4 hours after infection with H. nana eggs. Note an invaded

oncosphere (arrow) without cellular infiltration. HE. X140.

Fig. 3 Nonimmunized mouse 8 hours after infection. Arrow indicates the invaded oncosphere.

HE. X140.

Fig. 4 Nonimmunized mouse 16 hours after infection. The lamina propria with invaded on

cosphere (arrow) is more celluar than uninfected mouse. HE. X140,



L92

■■

Fig. 5 Nonimmunized mouse 24 hours after infection. The infiltration of mononuclear cells

and neutrophils around the larva (arrow) is noted. The oncosphere increases somewhat in size

and consists of darkly stained packed cells. HE. X 140.

Fig. 6 Nonimmunized mouse 48 hours after infection. The larva has an eccentric and round

cavity. A small number of mononuclear cells and neutrophils are seen in the basal portion of the

villus. HE. X140.

Figs. 7 and 8 Nonimmunized mouse 72 hours after infection. The anterior part of the larval

body with the rostellum and suckers is invaginated into the cavity. The infiltration of neutrophils,

mononuclear cells and some eosinophils is evident around the larva and through out the villus.

HE. Fig. 7 X140, Fig. 8 X280.

( 8 )



193

Figs. 9 and 10 Nonimmunized mouse 96 hours after infection. The growth of the cysticercoid is

completed. Many neutrophils and some eosinophils are prevalent throughout the villus. The vil-

lus with the larva is short and stubby in shape. Note that the villous epithelium around the larva

is composed of flattened cuboidal cells. Sloughing of the epithelial cells is noted at the tip of

the villus. HE. Fig. 9 X140, Fig. 10 X280.

Figs. 11 and 12 Immunized mouse 4 hours after infection. Arrow indicates the invaded oncos

phere. The lamina propria of the villus is only slightly cellular, but some mononuclear cells and

neutrophils are attached to the oncosphere. HE. Fig. 11 X140, Fig. 12 X280.
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Figs. 13 and 14 Immunized mouse 8 hours after infection. The infiltration of neutrophils, eosin-

ophils and mononuclear cells is evident throughout the villus. A small granulomatous lesion is

formed around the larva (arrow). The villus is short and somewhat convoluted. HE. Fig. 13

X140, Fig. 14 X280.

Figs. 15 and 16 Immunized mouse 16 hours after infection. The infiltration of inflammatory

cells is intense. The degeneration and sloughing of the epithelial cells of the villus is evident

especially at the tip of the villus. The larva (arrow) shows some increase in the number of the

cells as compared with that shown in Figs. 12 and 14. HE. Fig. 15 X140, Fig. 16 X280.
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Figs. 17 and 18 Immunized mouse 24 hours after infection. The intense inflammatory reaction

is comparable to that shown in Figs. 15 and 16. Note that the inflammation extends to the sub-

mucosal region of the villus. The granulomatous lesion around the larva (arrow) is clearly shown

in Fig. 18, the oblique section of the villus. HE. Fig. 17 X140, Fig. 18 X280.




