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I. INTRODUCTION 

A. Purpose of the Study 

A sizeable body of immunological data has- accumulated in 

recent years, based upon experimental infections of white 

mice with the eggs of Hymenolepis nana, the dwarf mouse tape¬ 

worm (* H, hana var. fraterna of Larsh and others). These 

studies are based upon percentage development of the eggs 

into cysticercoid larvae or adult worms. Interpretation of 

the experimental results usually depends upon an increase or 

decrease of a few percentage points above or below a 3-5# 

infection in control animals. This figure may actually vary 

from 1# or less (Shorb 1933) to 13.2# (Hunninen 1935b), depend¬ 

ing upon strain of parasite and host, and treatment of the 

feees. In addition, these average rates of infection combine 

wide individual ranges even in identically treated mice of 

similar age, sex distribution, and genetic constitution. This 

clearly indicates that uncontrolled factors of greater magni¬ 

tude than the experimental effects are operating and may serve 

to mask their interpretation. A more valid basis for immuno¬ 

logical experimentation would be available if these variables 

could be controlled and a consistently high ''normal" rate of 

infection could be obtained* It seemed clear that such a pos¬ 

sibility should be thoroughly explored before additional ex¬ 

perimentation be undertaken based upon the criterion of per¬ 

centage development. 
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The present study in part recounts the efforts made to 

achieve this higher percentage development of cysticercoids 

and adult worms. It is an attempt to analyze some of the 

physical factors responsible for the failure of a preponder¬ 

ance of the eggs to develop. In this preliminary study, 

efforts were largely restricted to in vitro studies in an 

effort to examine physical stresses on the eggs free from 

the complications of additional biological variables. An 

attempt was therefore made to find a satisfactory in vitro 

criterion of viability, as this would greatly simplify and 

speed the investigation* With such a tool, direct examina¬ 

tion of relatively small numbers of experimentally treated 

eggs could'- be studied, without necessitating saline concen¬ 

tration and feeding to animals by the standard Hunninen 93- 

hour cysticercoid technique (Hunninen 1935a). 

During this study of physical factors on Hymenolepls 

eggs, excellent opportunities developed to compare the 

closely related but ecologically distinct forms of Hymeno- 

lepis * H. nana and H* diminuta* The latter worm, though 

structurally similar, is many times larger,and a more 

characteristic parasite of the rat than of the mouse. 

Another, and more interesting, difference exists. Develop¬ 

ment of H. diminuta cysticercoids from the egg can only take 

place in certain arthropod intermediate hosts, such as the 

meal worm beetle, Tensbrio molitor. H. nana, on the other 

hand, is capable of developing into a cysticercoid either 
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in the haemocoel of an insect or in the villus of the mouse, 

its normal final host. In the latter case, the fully de¬ 

veloped cysticercoid breaks out of its villus, evaginates, 

and forms an adult worm in the lumen of the gut of the same 

host. In the case of beetle development, however, the beetle 

must be eaten by the mouse* whose digestive enzymes release 

the cysticercoids. The larval tapeworm then completes its 

development In the lumen of the mouse gut in an orthodox 

cestode manner* The basis for this ecological difference has 

never been satisfactorily explained* During the course of the 

H* nana egg studies * comparative tests were made with the eggs 

of H* diminuta* It was hoped that this would throw some light 

on the nature of the remarkable life history short-cut under¬ 

taken by Hi nana, or* contrariwise* the inability of the 

closely related H* diminuta to undergo both intermediate and 

final development in the same host* 

An effort was made to correlate structure with environ¬ 

mental resistance of the eggs of these two species* Their 

respective life-history differences were examined with ref¬ 

erence to their: 

a* comparative morphologyj 

b* relative resistance to desiccation, temperature, os¬ 

motic pressures* centrifugation, pH* and digestion} 

c * response to feeding experiments in inseSt and mammal 

hosts. 
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B. Previous Work 

Historically, work with Hymenolepis mm begins with Grassi 

in 1887 when he published his elucidation of the direct form 

of the life cycle. Then followed the discovery of Bacigalupo 

(1928) that indirect development in fleas and other insects 

was possible. A lengthy series of studies relating to hostal 

specificity of the worm and the validity of the several races 

proposed (Woodland 1924a; Joyeaux 1925, 1932; Bacigalupo 1929, 

1932c; Chandler 1922, 1923; Shorb 1933), ended with the general 

acceptance of Evmenolepis nana as a worm'with several hostal 

varieties difficult to delimit except statistically. 

More recent work on this parasite has centered on immuno¬ 

logical topics since the work of shorb (1933), Hearin (1941), 

Hunninen (1935a, 1935c), and Larsh (1943b) clearly established 

the presence of tissue immunity which developed in the direct 

cycle during cysticercoid development in the villi. Studies 

on egg viability and resistance have been undertaken by 

Shorb (1933), Larsh (1943c), Kirbibayashi (1933), Marihara 

(1934, 1937), and Reid (1951). Similar work on related ces- 

todes has been undertaken by Reid et al (1949), Mice (1949), 

and Jepsen and Roth (1949). Bailey (1947) is so far the 

only investigator to have published records of indirect devel¬ 

opment of H, nana cysticercoids in North America. 

The growing body of immunological literature concerning 

this and related parasites will not be reviewed here, as it 

does not fall within the scope of this paper. 
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XI. MATERIALS AND METHODS 

A. Source of Infection 

A natural infection of.Hymenolepis nana was discovered in 

the wistar strain of white rats used in the Biological Labor- 

atories of the Rice Institute. It is unknown whether this in¬ 

fection was acquired from contamination of cages by droppings 

of wild mice or rats, or was derived from an infection in the 

rat colory (Redbank, New Jersey) from which the animals were 

purchased. 

Droppings were collected from these animals; eggs were 

concentrated and fed to four-week-old white mice purchased 

from Redbank, New Jersey. This infection was augmented by 

six infected mice from the Parasitological Laboratories at 

the University of North Carolina, Chapel Hill, North Caro¬ 

lina*, and five from the Columbia University School of Public 

Health*. 

B. Method of Concentration of Eggs 

The D.C.F. method was used throughout (Faust et al, 1939), 

employing either saturated sodium chloride (Sp. Or. 1.2) or 

zinc sulphate (Sp. Gr. 1.18). Several preliminary steps were 

found to be useful to ensure a clean, even suspension of eggs, 

since some of the particulate matter in mouse pellets is of 

*Sent through the kindness of Dr. J. E. Larsh, Jr. of the 
University of North Carolina, and Dr. H. W. Brown of the 
Columbia University School of Public Health, to whom grate¬ 
ful thanks are extended. 
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approximately the same density as that of H. nana eggs, and 

will rise with the eggs in the salt suspension. To avoid 

this problem of debris mixing with the eggs, which adds to 

the difficulty of obtaining accurate egg-counts and dosage 

determinations, a balanced diet made from powdered ingre¬ 

dients (Beck 1950) was used. Equally clean egg suspensions 

from feces of mice fed standard rodent pellets were obtained 

by D.C.F. concentration after preliminary washing and strain¬ 

ing,. Washing the feces and food debris under the tap in a 

1/16M seive removed most of the crumbs of food mixed with the 

pellets. Then, mashing the pellets first through fine wire 

gauze and then through bolting cloth removed whe coarser 

fecal particles, leaving a well-homogenized suspension con¬ 

taining the eggs, ready for centrifugation. Direct mixing 

of the feces in a Waring Blender, after the initial washing 

of food crumbs through the seive, is quite satisfactory for 

thorough comminution of the feces, but leaves larger parti¬ 

cles of fecal debris, so that additional straining as des¬ 

cribed above is necessary if clean egg suspensions are de¬ 

sired. 

C. Method of Feeding Mice 

Experimental infections of known dosages were administered 

directly to the stomach of an unanaesthetized mouse through a 

//30-gauge needle, filed blunt and rounded with a drop of 

solder. Counted cysticercoid doses in .1-.2 cc of water was 
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administered in the same manner. 

For the studies herein recorded, maintenance of adequate 

levels of infection in the mouse colony so as to assure a 

constant egg supply was all that was required. Consequently, 

initial infections and reinfections were made by feeding 

soaked, strained, crumb-free, infective mouse pellets to ani¬ 

mals starved for twenty-four hours. Good infections were 

obtained in this manner. Mixtures of cleaned pellets and 

the special diet moistened to a creamy consistency were more 

palatable to the animals than undiluted clean feces. Infec¬ 

tive feces .. with accompanying food crumbs, taken directly from 

below the wire screening in the bottom of cages of infected 

animals, were also used and proved to be the simplest means 

of direct infection. 

D. Method of Feeding Insect Intermediate Hosts 

D.C.F. egg concentrates were placed on filter paper and 

mixed with a small amount of dry yeast powder or apple scrap¬ 

ings to form a pasty pellet. These were kept moist and left 

two to three days in appropriate-sized containers with the 

experimental insects, after which the normal insect food was 

added. A one-inch stender dish was used for Tribolium, and 

a six-inch petri dish for Tenebrio and for Periplaneta. In 

the case of H. nana eggs, it is important to keep them moist 

to avoid injury by desiccation. 

E. Egg Storage 

H. nana eggs studied experimentally were stored in tap 
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water or in normal saline in the refrigerator for periods up 

to one week, since, as will be shown below, they remained in 

good condition with this treatment* Eggs of H. diminuta 

were not harmed by storing for longer periods of time. 
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III. COMPARATIVE MORPHOLOGY OF THE EGGS OF H. HAM AHD H. 

SIMIHUTA 

H. ram eggs are uncolored ovoid structures with three 

protective coats enclosing a central round oncosphere. The 

outermost shell is a thin but fairly rigid oval membrane 

50-55jx x 37-41 ju. The innermost membrane or embryophore 

is a wall of about the same color, slightly less thick and 

rigid than the outermost, and distinctly lemon-shaped 

(27*32ju x 22-27/x) owing to the button-like projections 

at its poles. At each button Is attached five, or less 

often six, long threads or polar filaments. These fila¬ 

ments in turn are wrapped around an intermediate gelatinous 

coating which fills the space between the outer shell and 

embryophore* The filaments form a tangled net around the 

gelatinous or middle layer. 

The oncosphere is a typically spheroidal, granulated 

cyclophyllidean hexacanth embryo. In one respect* H. nana 

oncospheres are distinct from those of H, diminuta and most 

other tapeworms. In jH, nana all three pairs of hooks lie 

parallel, either along or sometimes perpendicular to the 

longitudinal axis of the embryophore, with the guards of 

the blades of the outer pairs projecting laterally (Plate I). 

In H* diminuta. on the other hand, the two lateral pairs lie 

at a 45° angle away from the central pair (Plate II), 

H* diminuta eggs ore amber, speroidal structures, triple- 

coated as are those of B. nana, but with other distinct 



differences. The outer shell is larger, 70-90 u, and is 

considerably thicker and more brittle than that of H. nana. 

It shows in addition a rough pebbly microscopic surface. 

The embryophore of H. dlminuta, besides being larger, is 

spherical rather than lemon-shaped, and lacks the terminal 

buttons and polar filaments so characteristic of H. nana. 

A gelatinous middle layer lies between the other two mem¬ 

branes, but is relatively thicker, denser, and more resis¬ 

tant to coverslip pressure. 

This resistance to pressure by the eggs of both species 

helps elucidate the differences between their shell struc¬ 

tures. Coverslip pressure or even poking into a drop of egg 

suspension with a dissecting needle will crack open the 

outer shell of numbers of H. diminuta eggs. The outer shell 

generally partially splits, then internal pressure from 

water imbibition by the middle mucoid layer enlaiges the 

split, allowing the smooth surface of the middle layer to 

squeeze through and then pop out, bearing with it the embryo- 

phore and oncosphere. The de-shelled egg now enlarges by 

hydration of the middle gelatinous layer, or release of the 

outer wall pressure, to a size someYjhat greater than that 

of the original entire egg. Coverslip pressure is an even 

more efficacious de-shelling agent, owing to the even dis¬ 

tribution of pressure on the brittle outer membrane. Con¬ 

tinued application of this pressure eventually destroys the 

oncosphere within its coatings but does not separate the 
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embryophore from the thick gelatinous matrix nor crack open 

the embryophore and release the hexacanth larva# 

H. nana reactions to such pressures are quite different* 

Keedle pricking on a drop of egg suspension fails to split 

the eggs* Coversllp pressure will crack the eggs, but only 

by relatively greater pressure exerted on a concentrated 

mass of eggs . The- outer shell usually splits evenly but the 

gelatinous middle membrane, relatively thinner than that of 

H* diminuta * does not swell and enlarge, the split of the 

outer shell or pop out so readily as that of H* diminuta* 

Many of the outer H» mm shells appear crinkled from the 

pressure, indicating a flexibility not found in H. diminuta 

shells* Under experimental conditions some H# nana onco¬ 

spheres have been observed which broke through the embryo- 

phore and gelatinous layers and lay trapped in the outer shell, 

hooks fully protracted* This condition has never been ob¬ 

served in H» diminuta, though it has been reported elsewhere 

(Karihara 193?) # coverslip pressure on the eggs first cracks 

open the outer shell as described, then, if continued, dis¬ 

perses the middle layer, cracks the embryophore, and releases 

the oncosphere* It should be emphasised that this artificial 

release of the H. nana oncosphere is not accompanied by ac¬ 

tivation of the embryo* The freed, split embryophore shows 

in striking clarity its terminal brushes of polar filaments, 

five to six in number, at either pole, floating freely out 

from their point of attachment to the embryophore* They are 
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deceptively long, perhaps three times the embryophore length. 

The dispersion of the middle coat and splitting of the emr 

bryophore has not been observed in H, diminuta eggs. 

In early gravid segments of H. mm, the embryophore is 

engorged and appears to be filled with fluid in ivhich the 

oncosphere is bathed. At the same time; the middle layer is 

more thin and granular than in its fully mature state. 

Maturation involves a shift of this fluid out of the embryo¬ 

phore, which now becomes closely adherent to the embryo, 

and into the middle-layer space, where it presumably is 

captured in a colloidal complex by the gelatinous matrix, 

which is seen to be greatly enlarged. The middle layer ap¬ 

pears to be a buffer-zone of colloidally-bound 'water which 

serves the embryo as a protection against desiccation and a 

shield against other physical stresses. The role of the 

polar filaments is not clear, although it would appear sig¬ 

nificant that only H. nana has its thinner, less pressure- 

resistant middle layer enveloped in this filamentous net. 
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IV. RESISTANCE OF EGGS TO PHYSICAL AGENTS 

While testing the response of H. diminuta eggs to coverslip 

pressure, it was noted that release of the oncospheres, with 

their remaining coats from the outer shell, or the production 

of a slight crack in this shell, would cause an immediate 

stimulation of the oncosphere. Rythmic clawing motions in¬ 

variably ensue if the egg is viable - an observation only 

rarely and then sporadically observed in intact eggs. The 

clawing begins in ten to sixty seconds after the cracking of 

the outer shell and continues for about ten to fifteen minutes. 

This occurred just as readily in distilled, tap, or normal 

saline water at varying temperatures, pH, and age of material. 

It should be noted that the observations of Reid et al (1949) 

with oncospheres of Raillietina cesticillus have not been cor¬ 

roborated with Hymenolepis, despite the fact that both genera 

depend on.insect intermediates. Reid (1. £.) found that only 

reduced temperature, among several factors tested, activated 

the hexacanth embryos of that Torm. Low-temperature activa¬ 

tion has not been noted with Hymenolepis. In fact, it appears 

more likely that higher rather than lower temperature plays 

a role in activation of this form. This observation of a re¬ 

liable pressure-induced activation of H. diminuta oncospheres 

provided a valuable criterion of viability. 

Efforts were made to effect a similar change in H. nana 

oncospheres but were unsuccessful. This made it necessary to 
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determine inviability by other less clearcut criteria, such 

as the fan-like spreading or total disarray of the hooks, and 

the granular, amorphous appearance of the cytoplasm. Infec¬ 

tion experiments to test viability of eggs after each test 

were not undertaken in this phase of the experimental work. 

Consequently* the viability of eggs after varying treatments 

were read* in the case of H* aiminuta« by artificial activa¬ 

tion of the embryos, ana, in the case of H* nana* by their 

microscopic appearance* 

Experiments undertaken; 

1* Desiccation 

A study of the effects of dehydration disclosed a strik¬ 

ing difference between the eggs of H* dlminuta and H* nana. 

Single-drop suspensions of eggs concentrated by D;C.F* and 

then transferred to tap water were placed on slides and air 

dried for forty-eight hours at room temperature; Similar 

tests were made using eggs in normal saline* permitting the 

test eggs to dry on slides for varying periods of time* The 

physical process of drying caused a wrenching and tearing 

which immediately damaged many of the H. nana eggs* The ma¬ 

jority were crushed or flattened by the force exerted by the 

disappearance of the water film from the slide* In H* dlminuta 

eggs thus treated* there appeared an indentation in a portion 

of the outer shell, but the round shape of the egg as a whole 

was retained, and the oncosphere was seldom affected. Upon 

rehydration, the returning film of water forcibly popped out 
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the outer shell of these eggs to their normal condition and 

rapidly permeated them, returning their hyaline appearance. 

Coverslip pressure then activated the embryos in normal manner, 

indicating that the desiccation had not harmed the H. diminuta 

embryos. 

H. Sana eggs were wrinkled and disrupted in a varied man¬ 

ner, often with visible involvment of the oncospheres.. Re¬ 

hydration failed to fill out the shells to their normal size 

and shape in the majority of eggs. Only about 5% survived with 

normal appearance of cytoplasm and hooks. Most of the eggs 

which.escaped disruption of the outer shell showed normal on¬ 

cospheres upon rehydration, whereas very few of the embryos 

with disarranged, dead-appearing oncospheres had intact shells. 

There was, in other words, no direct effect of hydration on 

the embryo independent of physical damage to the shell. Simi¬ 

lar tests were conducted using both apple scrapings and filter 

paper as a matrix in which to dry the eggs. The results were 

similar to those cited above, though examination after forty- 

eight hours showed a larger proportion of H. nana eggs still 

viable, due presumably to the protective moistening effect of 

the matrix in which the eggs were embedded. 

Under conditions of alternate drying and moistening sev¬ 

eral times a day, H. diminuta eggs kept at room temperature and 

moistened in tap water or saline are still capable of being 

activated after a period of twelve days. The few H. nana eggs 

surviving the initial desiccation and rehydration were quickly 
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killed in succeeding desiccations. This striking dissimilarity 

lias been repeatedly observed in mixtures of H. diminuta and H. 

nana eggs treated identically on the same slide. 

Eggs of both species were subjected to total desiccation 

on the surface of microscope slides in an anhydrous calcium 

chloride jar desiccator. H. diminuta eggs survived a period 

of two and a half days and were activated at the end of that 

period. After five days, they still retained their normal 

shape upon rehydration, but the cytoplasm appeared slightly 

granular and the oncospheres could not be activated. All of 

the H. nana eggs tested were totally destroyed after two days 

in the desiccator. Even those eggs appearing normal in the 

dried state showed a crushed oncosphere upon rehydration. 

In the case of H; nana eggs dried down in concentrated 

zinc sulphate, however, an anomalous result ivas noted. After 

addition of ?/ater to the salt-encrusted eggs on the slide, the 

eggs floated free and appeared normal and showed none of the 

disruption of the shell or granulation of the cytoplasm typi¬ 

cal of -eggs dried down in tap water or normal saline. later 

repetition'of the same experiment, conducted in the desicca¬ 

tor as before, showed a similar protective effect on the 

shells, but the oncospheres were granular and their hooks 

were disarranged. It would appear that the salt mechanically 

inhibited the destructive effect of the final sweep of the 

rapidly moving film of moisture. This protective effect did 
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not occur when a coverslip was utilized, as the latter served 

as a surface along which the destructive line of desiccation 

moved. 

These observations indicated that survival of H. nana 

eggs might be improved if desiccated in the normal egg en¬ 

vironment of mouse pellets or soil, with the additional note 

that such degrees of desiccation as were applied experiment¬ 

ally would seldom be encountered in nature. Consequently, 

tests were undertaken to study relative survival of both 

species of eggs in liquid and dried feces. In this case, the 

tests were not strictly comparative as the rat pellets used 

for the H. diminuta eggs retain considerably more moisture 

than do the mouse pellets > which bear the H. nana eggs. Eggs 

of the latter form stored six days showed a susceptibility to 

desiccation similar to that seen in the forty-eight-hour slide 

results. Whereas nearly all the H. nana eggs were crushed 

after six days drying in the intact pellets at room tempera¬ 

ture (examined after D.C.F. concentration), those of H, 

diminuta treated similarly all were activated after the same 

period. The H. nana eggs in mouse pellets comminuted in tap 

water shovjed a survival rate of 25% after five days storage. 

Heavy mold and bacterial growths did not affect the intact 

eggs, but showed heavy infiltration in the cracked eggs. 

D.C.F. concentrates of these eggs were fed to previously un¬ 

infected four-week-old white mice. Egg production commenced 

in sixteen days and continued for twelve days, indicating 
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normal viability of those eggs surviving fecal storage. Larsh 

(1943c) has reported that nearly twice the number of cystieer- 

coids developed from eggs stored three days in the feces in 

which they were passed, as compared with similar doses which 

were immediately concentrated and fed to experimental mice. 

2. Aging ' 

Closely related to the question of survival against desic¬ 

cation is that of resistance of the eggs to aging under varied 

experimental conditions. Aging tests were conducted under 

conditions of drying as related above. Storage in liquid lias 

provided evidence of remarkable longevity of the eggs, espec¬ 

ially those of H. diminuta. Harihara (1934) reported survival 

of H. diminuta eggs kept in water at room temperature for 

twenty-five days, and a record of twenty-nine days for pro- 

glottids kept in water. He also reported (1. c_.) egg sur¬ 

vival for one month in normal saline and twenty days in 10$ 

saline. With reference to H. nana, Shorb (1933) did some of 

the first work on the viability of this parasite. By in¬ 

fection experiments, he determined that H. nana eggs were 

progressively less viable when stored in water, especially 

after the sixth day. He reported no worm development from 

eggs stored ten days in water at room temperature. 

Among the longevity records recorded during these studies 

with H. diminuta; 

a. 1$ activated by cracking after thirty-two days dehy¬ 

dration on a glass surface at room temperature. 
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b. 25% activation of eggs stored in both normal saline 

and tap water at room temperature for sixty days. 

c. 10$ activation after eighty days in tap water at room 

temperature. 

d. 75$ activation of eggs stored in the refrigerator in 

both tap and normal saline for ninety days. 

A suspension of H. nana eggs was Kept up to thirty-five 

days at room temperature in tap water and appeared free of 

cytoplasmic granulations indicative of death. Shorb noted 

that his ten-day eggs which proved inviable looked normal to 

him, so microscopic appearance is not a valid criterion of 

viability, though it does indicate the degenerative changes 

immediately following death of the embryo. De-shelled eggs 

of either species quickly die upon mild exposure to environ¬ 

mental stress of any sort, or by simple aging in normal sa¬ 

line at refrigerator temperature for about one hour. 

; 3. £H 

Survival against submergence for periods of from one to 

three hours in solutions of pH ranging from 4-9 resulted in 

little noticeable effect on activation of H. diminuta eggs 

or the appearance of H. nana eggs. This is to be expected 

in view of Harihara’s (1934) findings of resistance of H. 

diminuta eggs for relatively long periods against cresol, 

lysol, formalin, mercuric chloride, alcohol, and urine, as 

well as 10$ hydrochloric and 5% sulphuric acids. 
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4* Temperature 

Brumpt (1932) reported a maximum in vitro activation of 

H. nana at a temperature of 37-38°C. No such activation could 

be obtained on a controlled basis during these investigations. 

Sporadic activation was observed at 37° but hot sufficiently 

to use as an index of activity. But an extreme sensitivity 

of both H. nana and H* diminuta eggs to temperatures of 50°C 

or over was noted* This was also indicated by Narihara (1934), 

who recorded a low survival rate of H* diminuta eggs in water 

at 50°C after two minutes, and total destruction in water at 

60°C after one minute* 

5. Salinity 

Shorb (1933) cited experimental evidence that D.C*F* con¬ 

centration does not reduce viability of H. nana eggs in either 

mouse or rat hosts* despite apparent plasmolysis♦ This obser¬ 

vation has been responsible for the wide adoption of the D.C.F. 

concentration technique in subsequent experimental work. 

Further efforts have here been made to test these results be¬ 

cause of the wide adoption of salt or sine sulphate flotation 

techniques and the possible role of plasmolysis on the low 

rate of infection of H, nana eggs *■ plasmolytic effects have 

been observed in solutions of sine sulphate and sodium chlo¬ 

ride varying from ten percent to saturation. They appear as 

a wrinkling of the egg membranes, often including the embryo- 

phore and oncosphere itself* However, the oncospheres ap¬ 

peared normal after transfer, to water, and the H. diminuta 
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were capable of pressure-activation. 

6. Physical shaking 

If as Shorb states, plasmolysis does not damage the on¬ 

cospheres, there may possibly be considerable damage to the 

embryos by the centrifugation itself. This was indicated 

by the susceptibility of the eggs of both worms to physical 

cracking, and the observed sensitivity of the de-shelled eggs. 

Susceptibility of the eggs to cracking forces were tested 

by: 

a. shaking of egg suspensions in test tubes half-filled 

with water and containing fine sand or finely granulated car¬ 

borundum powder. 

b. mixing in Waring Blendor (both eggs and feces). 

c. centrifugation. 

Neither of the first two techniques cracked or damaged 

a significant proportion of the eggs tested. Centrifugation, 

however, had an injurious effect on a substantial proportion 

of H, nana eggs, but very little on H. diminuta eggs. Des¬ 

pite the ease of cracking the brittle H. diminuta outer 

shell, the egg is rugged enough to withstand the shock of 

centrifugation. The more flexible H. nana eggs appear to be 

distorted in direct proportion to the number of times the 

eggs are centrifuged. Results of these tests are tentative 

and must wait confirmatory biological tests by Infecting 

mice with control lots of eggs obtained by Wilson flotation 

or some method involving no centrifugation. It is possible, 
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however, - that the normal low percentage of successful egg 

Infections might be in part due to damage of eggs in prepara' 

tion of doses to be fed experimental animals. 
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V.. RESISTANCE OF EGGS TO BIOLOGICAL AGENTS 

Additional attempts were made to determine relative en¬ 

vironmental resistance of the eggs by subjecting them to bio¬ 

logical tests they are likely to encounter. Included among 

these were attempts to digest the eggs with artificial and 

natural digestive juices, and feeding studies to observe the 

fate of the eggs in vivo. 

Narihara (1937) reported that the egg shell of H. diminuta 

is unaffected for twenty-five hours at 38°C in artificial 

gastric or intestinal fluid. Kirbibayashi (1933) failed to 

hatch H. diminuta eggs in artificial intestinal juices. Hun- 

nine n (1935) performed some experiments sho?/ing that hatching 

could be done independently of digestive enzymes. He injected 

eggs of H. nana directly into the posterior small intestines 

and found that the cysticercoids developed at the specific 

point of injection, apparently hatching independently of gas¬ 

tric and pancreatic enzymes. 

Additional controlled digestive tests were undertaken us¬ 

ing both artificial gastric and pancreatic juices, and a •• 

mucosal homogenate for varying periods at 37°C. Varying con¬ 

centrations of enzyme and HC1 were tried in the initial tests. 

Subsequent experiments with artificial gastric juice followed 

the method of Sch?*artz as described by Hill (1951) (1 gram 

pepsin, 1.7cc concentrated HC1, lOOcc HgO). 1% pancreatin was 

used, with the addition of .5$ sodium bicarbonate, to make 

artificial pancreatic juice. No significant increase was noted 
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in percentage of either H. diminuta or H. nana eggs craciced 

after incubation in either artificial gastric juice or arti¬ 

ficial pancreatic juice for periods from one to twenty-four 

hours, or in gastric followed by pancreatic. Additional ex¬ 

periments were tried using an homogenate of rat duodenal 

mucosa, both washed free of intestinal contents and contain¬ 

ing the lumen contents. After incubation in these experi¬ 

mental fluids, with water as control, the eggs were micro¬ 

scopically examined. Counts were made of intact eggs, 

broken shells, and freed embryophores. In no case did the 

treated eggs show a higher proportion de-shelled than did 

the controls. Pancreatic-treated eggs or gastric plus pan¬ 

creatic showed more eggs broken than’the gastric along. 

The mucosal exposure results were intermediate between those 

of gastric and pancreatic juices. But the highest propor¬ 

tion of cracked and de-shelled eggs was observed in the 

water controls. It appears likely that mechanical action 

is primarily responsible for breaking the shells, with 

activation of the embryos.induced by temperature alone, 

the digestive enzymes playing little or no role in the 

process. Unrecognized specific chemical activators of 

the oncospheres or shell solvents may be involved, however, 

judging from the failure to induce cracking by the Waring 

Blendor, which certainly subjects the eggs to greater pre- 

sures than those to which they are natui*ally exposed. 

Peristaltic action plus such chemical factors may equal the 
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effectiveness of centrifugation in breaking the shells. 

To test the specific role of mechanical action in vivo, 

freshly concentrated eggs were fed cockroaches (Periplaneta 

americana) and grain beetles (Tenebrio molitor). Direct ex¬ 

amination of the eggs were made at various time intervals so 

as to observe the eggs in esophagus, crop, gullet, midgut, 

and hindgut. 

Cockroaches are not the normal intermediate host of either 

species of Hymenolepis herein considered. Three sets of 

feeding experiments proved negative for cysticercoids after 

periods ranging up to three months for both H. nana and H. 

diminuta. Nonetheless, the cockroach proved a useful experi¬ 

mental animal owing to the size of its intestine and its 

ready acceptance of a liquid and yeast suspension of the eggs 

as food. The cause of host specificity must lie in the 

specific tissue response to the released oncospheres, rather 

than the ease- of oncosphere release, as the hatching results 

in the grain beetle, a normal host, and in the cockroach, an 

abnormal host, were the same. 

It was found that 50-75^ of the eggs were de-shelled while 

passing through the mandibles. Direct observation of this 

mechanical effect on the eggs has been recorded by Held (1951), 

who used an ingenious mirror device for actually watching 

the jaws of Tenebrio as they cracked off the outer shells. 

The laker worker also recorded (independently from the ob¬ 

servations reported here) activation of H. diminuta oncospheres 
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by rapid pricking of the egg concentration with a dissecting 

needle which cracked off the outer shells. Examination of 

all parts Of the digestive tract in proper time sequence in 

a series of roaches showed additional shell fragments in crop 

and midgut. I'Jo significant increase of shell fragments was 

noted in the proventriculus, so it is concluded that the 

principal cracking action occurs in the mouth, the cracked 

portions being forced aside further down the gastrointestinal 

tract by the emergent activated embryo. 

While the breaking of the outer shell appears to be 

mechanical, the cause of the dispersal of the gelatinous 

layer and embryophore is subject to some question. Reid (1951) 

states that enzymatic action dissolves awayvthe gelatinous 

layer, with the hexacanth activity breaking away "the membrane 

remnants". However, in the course of these experiments, it 

was found that the oncospheres of the de-shelled eggs were 

quickly killed by digestive action. The violent clawing 

activity of the hexacanth hooks, furthermore, appeared fully 

capable of breaking out of the embryophore and through the 

gelatinous layer. This was, in fact, described by Narihara 

(1937), and was implied by Hunninen's previously described 

experiment in which he injected eggs into the posterior small 

intestine of mice and noted oncosphere development at that 

point. Further, since the eggs appear to hatch equally well 

in mammal or insect host, the assistance of hostal enzymes 

would appear to be of secondary importance in the normal 
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hatching process. 

With reference to the intensity of activity observed, it 

is significant that the larvae released in beetle or roach 

gut were observed to be far more active than any embryos 

activated by in vitro cracking. Furthermore, this intense 

activation v;as of short duration. Many of the oncospheres 

released in the gut and then removed to a slide for observa¬ 

tion were dead, whereas those which had apparently just 

emerged (embryophore still visible in the field) were un¬ 

usually active. Apparently rapid penetration of the villus - 

is necessary for survival. Exceptional opportunity to ob¬ 

serve naturally activated embryos were thus available, and 

the opportunity was used to observe the details of the muscle 

masses and their connective fibers. These fibers connect 

two large basal muscle masses with the proximal end and the 

guard of each hook (Plate III). The lateral pairs move 

synchronously. Their sweeping, lateral rowing motion is 

immediately followed by movement of the central pair. Details 

of this activity will be found in another place. 
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VI. FACTORS CONTROLLING INFECTIVITY OF H. NANA EGGS IN MICE 

An.artificial cause of low experimental rates of infec¬ 

tion already considered is the damage done to the eggs dur¬ 

ing concentration by centrifugation. Failure of the eggs to 

open in the gut is a factor which was recognized by earlier 

workers (Shorb 1933). The latter investigator found approxi¬ 

mately 35$ of his injected dosages to be evacuated unharmed 

by the mice fed experimental egg doses* These eggs were 

still viable and were used successfully on subsequent infec¬ 

tions. 

Intestinal size (Larsh 1943a)} and gut motility (Larsh 

1947a) are doubtless of importance in determining the pro¬ 

portion of eggs to hatch successfully, particularly in young 

mice with their small intestinal lumen and extremely rapid 

gut motility* By examination of four-week-old mice at 

specific intervals after experimental feeding* the eggs were 

observed to have been passed through a half-filled stomach 

and from one-half to three-fourths the length of the small 

intestine in fifteen minutes. Such a rate may well be res¬ 

ponsible for rapid loss of eggs before hatching can occur. 

Experimental feeding of eggs in water to starved animals 

would doubtless facilitate this rapid loss. In a number of 

papers, Larsh has investigated the role of alcohol and nar¬ 

cotics on H. nana egg viability by their effect on gut 

motility or total food intake. He showed that alcohol pri¬ 

marily effects appetite, and low food and vitamin intake 
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reduced normal resistance in infection. Higher rates of in¬ 

fection have been obtained by the use of morphine derivatives 

to reduce gut motility, although the experimental increase 

was only of an order of 5-4$ (Larsh 1947b). The use of atropine 

sulphate offers good possibilities for such an increase in 

rate of infection, and when combined with adequate control of 

the other factors here considered may yield a substantially 

higher infectivity upon further investigation. 

Acquired and age immunity in mice to H. nana infection 

will not be considered in this paper, but are of primary im¬ 

portance in controlling the rate of infection of the viable 

hatched oncospheres and their penetration into the villi. 
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VII* DISCISSION 

Efforts to solve this problem of infactivity have been 

directed both at the egg and the host* With regard to the 

host* one must consider* age* diet* time since preceding 

feeding before infection* and strain of host (c£ iarsh 

1943a* 1943b* 1944* 1947b). Experimentally* one can also 

control extremev,-;: gut motility with appropriate drugs* At* 

tacking the problem with reference to the eggs* one can re¬ 

duce damage to eggs by avoiding centrifugation and excessive 

exposure to high salinity* Direct feeding of gravid pro* 

glottids has been found most satisfactory# although the num¬ 

ber of mature eggs per segment or per worm is subject to 

considerable variation. Additional tests performed on the 

eggs were designed to test oncosphere survival and to see 

if it would not be helpful artificially to crack or weaken 

the shell in order t,o ensure more rapid de-shelling for 

embryo activation in the gut. An in vivo test was undertaken 

using artificially activated eggs of H. diminuta. The eggs 

were cracked under coverslip pressure and then fed to four 

previously uninfected 260 gram white and Castle rats* large 

quantities of unbroken eggs were also fed to cockroaches * 

and then after thirty minutes* the roaches were killed and 

their intestinal tracts fed to a second group of experimen¬ 

tal rats# thereby supplying them with naturally cracked 

eggs* The test results were 



negative. No cysticercoids or adult worms were recovered, 

which indicates either that the embryos were destroyed by 

host digestive action, or the failure of H. dlminuta to 

infect its final host directly involves chemical specifi¬ 

city as well as the pronounced shell differences from H. 

nana described in this study. 

It seems, therefore, unlikely that the striking physi¬ 

cal differences in the structure of the shell layers, reac- 

tion-of the eggs to pressure, and their resistance to desic¬ 

cation or aging are responsible for the life-history dif¬ 

ferences between the two forms, though they must play an 

important role in their distribution and epidemiology-. 

Just as the answer to the low rate of H. nana infectivity 

in mice hosts is resolved into a complex of factors, so 

the question of their different hostal adaptations cannot 

be answered by a simple analysis of the physical attributes 

of the eggs. The ability of H. nana oncospheres to develop 

both in mice villi and in certain arthropods,added to the 

coprophagic Mbits of mice, may have eased the selective 

pressure on the eggs towards desiccation survival. It ap¬ 

pears likely that H. nana eggs have structurally degenerated 

from a diminuta-like primitive condition, the latter change 

being the result rather than the cause of the unique short¬ 

cut in the mouse tapeworm's development. 
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VIII. SUMMARY 

Susceptibility of the eggs of Evmenolepis nana to desic¬ 

cation, aging, and centrifugation is noted. Plasmolysis 

does not appear to kill the embryo, and digestion has little 

apparent effect on the shell. Controlled artificial acti¬ 

vation of the embryo xvas not obtained. H. diminuta eggs 

show a striking resistance to desiccation, aging* centri¬ 

fugation, plasmolysis, and digestion. They are, however, 

inactivated by temperatures of 50°C or higher. Coverslip 

pressure which breaks or cracks the outer shell activates 

the embryo and serves as a useful experimental index of 

resistance to in vitro tests. 

Direct correlation of these responses to physical agents 

with life-history differences does not appear warranted. 

It is suggested that the susceptibility of H. nana eggs 

is a secondary degenerative effect of a primary physiologi¬ 

cal change which enabled the eggs to form cysticerci In 

mammal villi, and thus escape prolonged environmental ex¬ 

posure . 

Suggestions are offered for increasing the rate of in¬ 

fection of H. nana eggs in the rodent host. 
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HATE I 

ESS of Hymenolepls nana showing polar filaments 
enmeshed in mucoid layer. Note parallel hooks and 
muscle masses in embryo. 

PLATE II 

Egg of Hymenolepis diminuta,still viable after 
sixty days in tap water at 10°C. Note excretory granules 
between embryo and embryophore. Heavy-bodied lateral 
pairs of hooks at 45° angle from slender central pair 
are typical of the species. Muscle masses and calcareous 
granules are also evident. 
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PLATE III 

Cysticereoid of Hymenolepis nana (left) after 25 
days development in Tribolium, 

Cysticereoid of Hymenolepis diminuta (right) after 
20 days development in Tenebrlo molitor. Note long tail 
on H. diminuta in contrast to the '"**shoulders’1 on the 
H. nana cysticereoid. The developing scolex of H. diminuta 
is also seen to be considerably smaller than that of 
H. nana. The cyst wall of H. diminuta is heavier and 
and marked by overlying layers. 
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