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ABSTRACT

In an attempt to determine the viability of

Echinogoeeus granulosus ova, various enzymes and other

substances were tested for their hatching and activating
effectsn,

Ova were obtained from the intestines of experiment-
ally and naturally infected dogs. Experiments were condue-
ted 1n a constant temperaturs water bath at 379C, using
snall Wasserman tubes for the ineubation of experimental
solutions and ova.

Aceld pepsin was found to have no effect on hatching
of ova or activation of onoosphérea. RaHCO3 or BH,OH at

pH 10 removed shells of E. granulesus ova and the enzymes

pancreatin and trypsin both caunsed some degree of activation
of the oncospherss. Bile, bile salts and cholesterol were
found to enhance the activating effect of the enzymes.
Fresh sheep bille was a more effeetive synergilst than the
several bile salts tested. After preliminary experiments,
a hatching-activating solution (HAS) was selected and used
for the remainder of the work. The hatchability of ova
incubated in HAS was high, i.e. 95-99%, and some 20-50% of
hatched oncospheres were activated., Percentage activation
was token as an index of viability.

The second portion of this study was an attempt to
find an effective ovicide. Several common disinfectants ~
were tested and the effect of moist heat upon the ova. was

studied-also.
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Ova exposed to 1, 5, 10 and 20¥ formalin for 5, 10
and 30 minutes amd for 1, € and 24 hours remained viable
exoept those in the 205, 24 hour group. In this latter
cage, while whole oncospheres wore pxuamntxyﬁﬁ no activity
was ohserved.

Ova exposed to 2, 5 and 107 lysol for from 5 to 24
hours, hatohed normally and the oncospheres wwra viable,
Exposure to 207 lysol for from 5 to 30 minutes reduced the
rate of hatehing bul oncospheres within unhatohed ova
remained viable. Exposure to 20, lyaol for 6 or 24 hours
srevented hatehing sltogether, and, when shella of such ova
were removed in sodium hypoohlorite, ho onsospheres wore
found to have survived.

Ethyl aleohel at concentrations of 50, 7C and 3957,
for from 5 to 60 minutes d4id not interfere with the activa-
tion of oncosrpheres,

Ove treated with high econcentrations of "Roceal®,
*pide® and "Clorox" also remained viahle as evidenced by
the hirh percentage activation obtained after % to 30
minwtes treatmoent,

Molst heat at 509C for 5 uninutes did not »ill all
oneosphores, but pereentage scotivatiod was low (6.87).
Moint heat at 50°9C for 10 minutes and 30 minutes gave doubte
ful results in as mach as intaet oncos heres were still
present, but moist heat at 60°C for 5, 10 or 30 ninutes gug

100%C for 1 or % minutes sompletely prevented hatching,



When shells of these latiter were removed in sodium hypoe
orlorite solution, no oncospheres were found to have

survived.
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INTRODUCTION

The importance of hydatid disease as a publie
health and economio problem has been recognized in many
areas of the world where the major industry is sheep and
cattle raising. The disease becomes widespread when
slaughtering of animals for humsn éonsumption is carelessly
handled , thum infecting the local dogs which serve as the main
reservolr for the parasite.

Hydatid disease or echinococcosic is defined as the
infeotion of man and a wide variety of mammals by the
larval stages of Echinogoceug  Rudolphi, 1B1C ., There are

saveral species recognized, two of which are aurrentiy

considered as gapable of infecting man. Echinocoocus

granulogus (Batech, 1786), is the single species encountered
in the Middle East.

Dogs having access to discarded viscera of
slaughtered animels become infeoted wilth the adult form of
the worm and pass the infective ova in their stools, The
frequency with which dogs are infected in any given area
depends upon ease of access Yo infected viscera of the
several intermediate hosts, The infeotlon of man and his
domestic animals 4in any country bears a direct relation to
the rate of infection in the dog. Distribution of the dog
and its olose association with man, and other intermediate
host animals, is the most importsant single factor in the
dessimination of hydatid disease. Other factors of import-
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ance, however, are the economic status of the people and
the level of education in matters of hygiene.

Ova passed by the dog are disseminated in a variety
of ways. The common and usual method of infection of food
animals is by ingesting grass contaminated with dog feces.
Water and fresh vegetables have been considered as vehicles
for infection in humans (Rausch 1951), although more
‘emphasis has been laid on direct contact with the dog or
its environment. Close association with dogs in an endemic
area is a source of danger, Infections aacur’fraquently
during childhood. Dew (1937), remarked that hydatid cysts
in man may often be nearly as old as the patient harboring
it. Schwabe et al. (1959) have demonstrated high suscepti-
bility to infection in white mice 48 days of age or younger
ana reiativaly high resistance in mice Tl days of age or
older, Whether similar age resistance is evidenced by man
is not known,

The removal of worms from the intestinal tracts of
doge has hitherto received a good daél of attentlon and has
constituted a major step in efforts to control the disease.

However, one of the weak points in such aémmunity~wide anthel -

minthie control programs is the lack of a known ovicidal agent

for disinfeoting the hair of dogs and contaminated premises,
as well as of rendering ova, which may contaminate food or
water supplies, non-viable. Knowledge of suitable chemical

ovicides and their conditions of use would make present
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eontrol measures more offective and safe,

Experinents deseribed in this paper were undertaken
for the purpose of evalunting the ovicidal effeats of
varicus chenmieanls currently used as disinfeetante. Delore
any such attempt oould be nmade, however, it was alear that
an in vitre methed for demomsirating the viability of
HONADOGOCONE AYBNUILosun mgm WaS NeCcessary.

Hexetofore the only acvailadle test for viability of
Ee graculosus eggs was to Teefll treated ova to clean

puseeptible raturel hoet animels, whieh were then kept fTor
long poriods under eomtrolled eonditions., This was both
time consuming end ureoconomieal becsuse all Imown netural
intermedicte hoote of E. grarmlesus are larpe and expensive
to malntain, In addition, in highly endemic areas it is
extrerely 4difficult to rule ont agoidental infectlions
(Batham, 1957). Although mice are susceptible to infeotion
by intraperitoneal injections of sgolices (seoondnyy echi-
nna@mmoaim}(névé, 1933, Coutelen et &l, 1939, Schwade et al,
1959), they may not readily be infected by injeotion of
egzs (Dathan, 1957). Henoe the first part of these
observations was wrimarily concerned with the development
of an oasy and ecanomleal in yityo method for hatohing and
ectiveting H. grarulosus ova and thus determining thelr

viability. The second pari wos devoted to thestuly of eova
| exposed to various disinfeotants, with a wview of determin-
ing the ovieidal effiecienay of the latter.



Life Cyecle

-Hydatid disease, observed olinieally =ince
Hippoorates, became well known dnly toward the end of the
19th'aentury. Ancient texts frequently referred to
"hydatids" or "enoysted hydropsies” in sheep and cattle
(Déve, 1949). Redi (1684), Hartmenn (1685) and Tyson (1691)
all suspected the animal nature of these "sace of water"
(Gradwobl and Kouri, 1948, Deve, 1949). Pallas, in 1766,
even noted the similarity between hydatids and cysticerei,
and described hydatids from cheep livers as "une péllioule
interne parsemee do granulstions" (Deve, 1949). Goeze (1782)
determined these granulations to be scolicea and called the

parasite Taenia visceralis socialis granulosa (Deve, 1949).

Batsch (1786) renamed it Hydatigena g&anulaaa, in accordance
with the binomial system; Gmelin, in 1790, changed it to
Taenia granulosa (Wardle and Mcleod, 1952) and Rudolphi, in
1801, placed it in the newly established genus, Echino.

gogous.

Experimental work on E. granulosus was started by
Siebold in 1853, IHe obtained the adult form of the parasite
by feeding scolices from sheep aysts to’l2 dogs and one
young fox. PFive of these animals were successfully
infeeted, His results were confirmed by Kuechenmaster, w&g
Beneden and Leuckart (Deve 1949). ILater Naunyn, in 1863,
and Krabbe and Finsen, in 1863, obtained simllar results by

feeding cyst contents from humane to dogs (Gradwohl & Kouri,



1948).
The adult Echinocogous is remarkably small (Fig 1).

It measures from 3 to 6 mm. in length and consists of a
seolex and 3 to 4 segments. The scolex is provided with 4
suckers and an eversible rostellum armed with a double row
of hooks (30-36 in number). A short, slender neck is
followed by a segment which, although not well differentia-
ted, does contain develeping reproduetive organs. The
terminal segment contains only a gravid uterus swollen with
eggs (Fig. 2). The number of eggs in ome gravid proglottid
has been estimated to be 500-800 (Deve, 1949; Dew, 1937).
The life eycle involves two hosts, the definitivé host
which harbors the adult pakasite and the intermediate host
which harbors the hydatid eor larval s%sge. The usual
habitat of the adult form is the upperfparf of the small
intestine of e variety of Canidae, although, in heavy
infections, the worms may be found covering nearly the
entire rmoosal surface down to the Viainityyéf the rectum
(Fig. B}. In Natturally infected dogs worms are not often
that numerous, however.

In some parts of the world fel}ne,animals also have

been reported to harbor Echinoecoecus granulosus (Rauseh,

1952), although there is considerable doubt as to whether
fhey ean attain maturity in such hosts (Wardle and McLeod,
1952; Brumpt, 19363 Deve, 1949; Southwell, 1927; Lorincs,
1933). Attempts to experimentally infect kittens by
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by feeding them huge doses of seolices have been only
partly successful, The degree of infeetion produced has
besen low and in none of the animals did the worms atiain
maturity (Berberian, 19365 Southwell, 1927). What, if any,
role oats play in the epidemiology of hydatidosis is not
entirely elesr.

A sinmilar abnormal host which has drawn much atten-
tion has been the fox. Matoff and Janscheff (1954),
infected young foxes and found that the life span of worms
was short, (25-35 days), development was abnoymal, and eggs
were never produced, Sweatman (1952), found ne infected
foxes in areas where E. granulosus oecurred in wolves as
commonly as in the dog., Rausch (1956) di4 not find E. gra-
nulogus in any foxes examined although 39 of 94 wolves, and
5 of 50 dogs from the same locality mmma the parasite.
Bronzini et al.(1954) fed foxes with scolices and obtained
only a few immature worms, He cencluded that the fox was
an unsuitable host for E. gramulosus. |

Foxes, however, are important hosts for E. multilo-
gularis which diffexm <from E. grenulosus in its morpholegy,
dietribution, and host relationships. E. miltiloeularis
occurs as an adult in foxes and dogs and ag a iarva in
miorotine rodents (Rauseh, 1952), and occasionally in man
(Rauseh, 1956).

E. granulosus, on the other hand, ocours as an adult
in dogs, wolves and coyotes and as & larva in ungulates and
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man (Rausoh 1952). Sheep, goats, swine, oamels and horses
are, perhaps, the most commenly infee¢ted ungulate animals
in most areas. Redents ravely horbor the parasite (Rauseh
1954); moope, other wild ruminanta, wallabies and kangar
are of loecal importsnne in some areas. In as mueh as dogs
do not often have mocess to human visoera, infeotion in man
constitutes a dend end as far as the parasitic life oyole
is concexned, |

Ingestion of larval forms by the definitive host,
resultes in the develepment of adult forme within the
intestinal lumen. 48 the teyminal segments beoome gravid
they are shed and ruptured thus libderating the ova (Pig. 3
and 4), Minimum $ime requirved for eggs to appear in the
exoreta of host animals following infeotion seems to vary.
Plebiger found ova in the feees of dogs T0 days aftex
experimental infeotlions while Ieuokart, Naunyn, Railliet
and Ross observed worms to mature within abeut 7 weske and
ova to aprear in steols in about 47 days (Deve 1949).
Torines (1933) found ova in the stools of dogs as early as
36 daye after infeetion. Ova were observed in stools about
45 days after the first feeding of naa}ieoa in the present
study.

The eggs consist of a b ;M«g\ﬂ
(Fig. 6), enclomed within an oneogpheral membyans
these structures are sontained within a wadially striated

phell ecomposed of truncated rods joined with a cevent
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substanee (perberian, 19%7; Silvermen, 1954). When ova are
‘collected from a proglottid, by mechanieslly rupturing it,
there is, in addition a single layer of cells forming a
vitelline covering (Fig. 7). This latter is usually lost
while egge are passing through the intestine of the host
(Cameron, 1927). The egzs are slightly owsid and measure
35 x 38 u, (Pig. 3 and 4).

When egge are ingested by an intermediate host ani-
mal, the striated shells are lost and the libersted onco-
spheres then penetrate the intestinel wall and »each the
portel cireulation via the eapillaries oz lymphaties., It
is belleved Ly some that they also may migrate directly
through the peritonséal cavity to abdominal organs (Dew, 1928)

Because of the arrangement of viseeral ecirculation
most onoospheree probably are ecarried first to the liver
where most are filtered out in the ecapillary bed (60.T0% of
human oyste are found in the liver). Those that pams through
or bypass the liver capillaries are carried through the
systemie circulation to the lunge, whioh are the next most
cormon site for the oyets. Iless often oncospheres are dise
tributed to other organs guch as the spleen, kldneys,
brain, bone marrow, eta. ’

After an oneosphere has loocalized within an organ

1t is either destroyed by the hoet 's defence mechanism or
it undergoes rapid development. 4 e¢ellular mass is

obeerved within 12 hours. The enlargement of this mass and
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1ts vesleulation produces, in time, the mature cyst, encleosed
within a fibrous adventitious capsule or "pericyst", The
perioyst forms as a result of the proliferation of host
conneetive tissue and constitutes one host response to the
presence of the parasite,

The hydatid oyst or fully developed larva consiste
of a double walled bladder filled with ¢lear, opalascent
fluid. The fluid resembles blood serum in eertaln respects
tut 1ts nature and composition are imperfectly understood.

The cavity of the bladder is lined with a single
layer of nucleated cells, the germinal membrane or "endoeyst",
which is the living part of the eyst wall., Proliferation of
gorminal membrane cells produce so-galled brood-gapsules,
tin walled sacs (Pig. 8) within which the seolices or
invaginated tapeworm heads arimse. The wall of the brood
capsules resembles the germinal membrane in structure. Brood
ocapsules are not distributed evenly over the whole gerxrminal
membrane of mogt oysts bub wend to arise only in partioular
areas (Dew, 1928). Seolices are budded off from the
delicate wall of brood capsules to which they remain amtanhad'
by a thin stalk ar.padunela, (Fig. 9). The number of
scolices within a single brood capsule may range from 2 to
70, according to Deve (1949)., Brood capsules frequently
become detached from the germinal membrans. Some may
rupture, freeing the seolices. Secolices and brood capsules
floating freely in the hydatid eoyst fluid constitute what

is known as hydatid sand. Scolices are the source of
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infection for the definitive host.

The second layer of the oyst wall is thieck and
tough and serves as s support for the delicate germinal
membrane., It oonsists of goneentric elastie laminae and
appears to be permeadble to ions and small moleoules
(Sehwabe, 1959).

| Daughter eysts, sometimes observed within hydatid
ayuku, are gomplete yeplisas of the original mother eyst.
Daughter oyst formetion is, ut present, lwmperfectly undeyw
stood.

Ssolieces may be aet free within the host, on
occasions, by rupture of cysts following a traumatic ghoek
or by their release into the tissues during surgieal inter-
vention, Under suoh cireumstanees, sach seolex has the
potential to develeop into another complete oyst, Experiment-
al  infeotion of this type (called secondary echincooccosis)
nay be produced by injecting hydatid sand into the tissues
or body cevities of susceptible animals . In such animals
oyst development may be odserved.



Considering the important role ova play in the epi-
demlology of hydetid disease comparatively little attention
seems to have been given to the study of this stage of the
parasite's life oyele. '

The first experimental work on ova of E. granulosus
was that of Deve in 1908, HKe showed that eggs remnined
viable for as long as 16 days (but not for 64 days) in
weter, for 11 daye under "dry conditions", for 2 daye "in
 the eumm® (in Normardy), and for 4 moaths at -19C, Clunies-
Ross (1929), kept ove, withoui loss of viadbility, for 3
weeks in shallow water ox humid sand. However, he found
that egos were destroyed after 3 weecks under "dry conditieons)
and in 6 weoks in deep water.

First attempts at determining the hatching condie
tions for taeniid ova also wore made by Deve. He concluded
that the action of digestive juioes was not necessary for
the hatmhing of the E. gramulosus embryc (Deve 1907). This
he surmized fx&m tha faet that, when ma ture segnents of the
WOorm wore 1&3&&%&& subcutaneously intoe rabbits, small cyste
were present atautopsy 96 days after.  He showed also with
iz vitro experiments, that gastric Julce did not exert any
disgolving orx goftaning effect upon the shell. He postula-
ted that hatching cccurrsd in the alkaline envirenment of
the jejuno-ilisc region where the anéaapharw egoaped by
rupturing its shell as does a chiek (Deve 1949). This view
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was later supported by Barnett (1945) who maintained that
hatehing took place usually in the small intestine under
the influence of warmth, moisture and alkalinity. Iiving

eges, he noted, when injeeted intraperitoneally or, in faet,
| anywhere into the bodies of susceptible animals sometimes
hatohed and developed into hydatid eysts. Recently these
views received further support in the work of Batham (1957),
and Segerra (1959)., Segarra and hie associates (1959)
showed that taeniid (ZI. teeniaformis) eggs, when introduced
direatly inte liver tissue, wcre capable of giving rise to
bladder worms without firet being exposed to the effeat of
digestive juices. Batham (1957) reported moderate infeo-
tions of miee following the intraperitoneal injeetion of
eggs of . gzang&aaugt

Isobe (1922, 1926) syestematiecally studied the

hatehing requirements of Tmenis saginata egys, and success-
fully obtained hatching and activation of the hexaecanth
embryos by treating the egge with artificial gastric juice
(aeid pepsin) and intestinal 3uieé (alkaline pancreatin).
Combined action of these Julees removed the striated shell

but embryos were not activated until t@ay were transferred
into a solution containing 0.5% NaCl, 0.25% NapCOsand 1

drop of pig bile per ml. His eonclusion was that the
critical faotor in the hatehing medium was the concentration

of ions. «
Clunies-Ross (1929) demonstrated the aetion of
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gastric juice on the ova of Taenia pisiformis and E. granu~
losus in vitro and in vive. He showed that ova of both
worms g@ould pass through the stomaeh of guinea pigs and be
recovered from the upper part of the small intestine. When
however, he treated the ove with alkesline pancreatin he
obtained disintegration of the shell but eould not detect
movement of the embryo. Penfold and his associates (1937)

exposed T. gaginata eggs to pepsin-pancreatin and to Na-
hypochlorite. Oncospheres were liberated by both solutions
but showed no aotivity. Taylor (1926) stated in a short note
that cestode oneospheres, in general, were not liberated
at 379°C by the aotion of gastrie juice, bile or duodenal
seoretions, but rather that they freed themselves by their
own aetiviﬁy,'axawpt when the wmbryé was enclosed in a
specially developed embryophore or when the shell wes
*homogensous". Gentile (1936)too, reported the results of
experiments which showed that the shells of E, granulosus
and T, paginata ova were not effected by digestive juices
but that they freed themselves by theilr own activity.
Bullook (1934) reported that, when egg suspensions
of Isenia tapniseformis were introduced into the stomachs

of rats and their gut contents examined 3.5 -~ 24 hours
later, gastrie Julee showed no effect, while intestinsl
Juice freed tha’mnnanphmmmu. He also treated eggs in vitro
with agueous and aleocholie exiraots 8f rat pancreas, and
aqueous solution of panereatin and various other enzymes,
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plus bile. He obtained no dimssolution of the shell by
lipases, noy by asid solutiems, Stwong alkaline selutions
of sodium hydrate, on the other hand, oaused the hreakdown
of the shell. This astion was enhanoed by the eadditien of
oxbile. Such solutions, hewever, he believed, either killed
or impaired the vitality of the larvae,

Ieonard and Leomard ('IM). working on Tasnia
aolution to whieh was added 1?3 ‘yypsin, 0,54 ng
suffiolent 0aCOy to adjust the pH o 7.3,

Silverzan (19%4), in desigming experiments to test
the viability of T. sa pata eges expossd to various en-
vircomental conditions, eame faoce to faoe with the overall
problem ef the meehanism of hatehing of taeniid ove and the
eveluation of their viability in yitre. Bs experimonte
with both Tpenis saginats and Jsgnis pismiformis
the roles of allmling panereatin, 'mpnm; bile salts and
cholestarol in the M‘&ﬁhw and agtivation of the onbryo,

differed from these of I, pisiformis gazinats

required pretreatment with gastrio juioce (wm mm&n)
before the intestinmal julece (alkmline panereatin and bile)
oould sty while T. pisiformis hatehed and was sotivated in
alkaline panoveatin alone., He desoribed three owiteria
for viability, i.e. motility, aprearance of oncoapheresn

and reaction to vital stains.
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Myers (1957) weported a simple technique for hatoh-
ing and aotivating Eohinccogcous riltilooularis,. He used
two solutions, the first of whieh contained acid pepsin and
La; 104, and the seoond txypsin and NasHPOs. The combined
action of these solutions reporitedly esused hatohing
(disintogration of the shell) and astivation of the embryo
within 10 mimutes. '

Berberian (1936) reported upon a series of
experiments designed to study the effeots of the digestive
Juices of various animals upon secolices of E. graomulosus
In in yitre studies ssolises were placed in digestive
Juices of Aifferent animals at 37°C. In in vive experiments,
ki#@ﬁnn.ymatn and wrabbits were fod large quantities of
peolices and membranes. At intervals, animals were killed
and intestines examined, He foumd that the gastric julce
of rats, dogs, oats, sheep and gattle 414 not digest
hydatid soolices, Human gmaﬁw%a'auinu'amnaad inoomplete
digestion and aoted only wpom evaginated seolices, The
intestinal juioces of mem, wate, rabbita, sheep and ocattle
wore found o digest soolioes completely, wheress the
intestinal jJuices of dogs and oatm wwrm'tmautivw* He ns~
oribed natural imeumity or susceptibility 4o adult
Eohinogooous . primerily to the specific sctions of the
digostive juides, partioulsrly of the intestinal jJuices,
Thone animals whieh had an intestinal juloe capadble of
 digesting scolices were on that sceocunt vesisthut to infec-

!
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tion with the adult stage of E. granulosus, and those which
had inactive intestinal juice were either susceptible or

partially auseeptiblo hosts.

During 1935-1936 Berberian also studied the effeots
of digestive juices from Aifferent animal hosts upon the
ova of E. granulosus with the view of explaining host
specificity to hydatid disease. These results unfortunately
were not published until 1957, however. Berberian (1957)
reported that the gastrie Jjuices of man, sheep, cattle, dogs
and ¢ats failed to disrupt the shells of E. granulosus ova,
Intestinal juilces of man, sheep and ecattle, and artificial
pancreatic juice, however, rapidly disrupted the shells
liverating oncospheres which were actively motile.
Intestinal Jjuices of dogs and eates had very little effect.
His results suggested a possible relation between suscepti-
bility to the larval form and the action of digestive
3uiqes. Those animals which secreted intestinal juices
capable of rapidly disrupting the shells of ova of
E. granulesug and of activating the liberated oncospheres

were susceptible to hydatid disease while those animals
which produced intestinal juiuesraléﬁively ineffective in
disrupting the shells of the ova, or which inactivated the
liverated oncoppheres, were not likely to be hosts to the
hydati& parasite.



MATERIALS AND METHODS

A MATEBlALS
1. Qva

Ova of E. granulosus were obtained mostly from
experimentally infected, and rarely from maturally infected,
dogs.

Young pupples were fed seolices and brood capsules
from hydatid cysts of sheep or cattle livers obtained from
the Beirut city abattolr. Puppies were housed in special
cages under close supervision, Beginning thirty days after
infection stools were checked every day for ova, Two methods
were used for concentrating ova from stools.

Method l: Stools were collected and suspended in tap

wafer in coniocal sedimentation jars, At the end of ten
minutes, after large feoal particles had settled, the super-
natent mixture was transfered to another conical jJar. This
process wag repeated several times. The last suspension
was stored in distilled water at 4°C until needed,

Method 2: Infeoted dogs were exsanguinated after the
administration of anesthetic and intestines removed and
opened, Usually the entire mucosa was found to be covered
with the worms (Pig. 3). Sections of intestines were placed
in a large beaker and covered with tap water. Gravid
proglmfﬁiaa, loosened by this treatment, were colleoted from
the sediment in the beaker, washed and stored at 4°C in

distilled water. When ova free of debris were needed,

- 17 =
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gravid proglottids were picked up with a pair of fine
forceps, transfered to a small dish containing water and
pressed to release the eggs.

The rectums of dogs were washed separately into a
beaker and stored as rectal washings. These suspensions
contained ova free from proglottid tissue and vitelline
membraneg, and did not require further treatment before use.

Ova from naturally infected dogs were obtained by
washing intestinal contents into Petri dishes and collecting
gravid proglottids with forceps. ZProglottids were subseq-
uently pressed to release eggs. However, ovum suspensions
collected by pressing gravid proglottids usually were not
rich enough for use in experiments. Hence, more often, the
proglottid auspénaions were allowed to remain at room
temperature for from 8-10 days, washed several times at the
end of that period and resuspended in distilled water. This
treatment yielded egg suspensions free from proglottid

debris as in rectal washings or stools.

2. Hatching and Aotivgting_Solutimns
Solutions used for hatching and activating the ova

were preparsd in concentrations as indieated on the tables.
The following chemicals were used: Pepsin, N.F. Powder,
Merek & Co., Inc., Rahway N.J.; Panoreatin , 3x USP, Mann
Assayed Biochemicals, Mann Research Laboratories, New York 6,
N.Y.; Trypsin 2x Cryst., 16%-50% MgSO4. Trypsin activity IO,
300 BARE, Prep.: Kunitz and Northrop, Mann Research Labora-
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tories Ine. New York 6, N,Y.3 Sodium glyeocholate, Mutritional
Biochomioals Corp., Cleveland; Cholesterel, U,S.7, Nutrie
tional Biochemiesls Corp.; Sodium Tauroglycocholate (from
ox bile), British Drug Houses Itd, Fresh bile was collected
from sheep gall bladders cbtained from the Beirut oity
abattolr, centrifuged and atored in the freeser until needed.
All hatehinge-astivating solutions were prepared in
distilled water and kept frozen when not in use.
Hatohing-astivating solutions suggested by Silverman
(1954) and Myers (1957), also were prepared from the above
ingredients according to the directions in their wvespective
PRPOrS.

3. Disinfeotants
The ovicidal potentialities of the following disinfeo-

tants and other chemioals: were tested

8) Formalin (Formaldehyde solution, GPR Hopkins and
Williems, 37.415 W/W.)

b) Lysol (exrdinary commercisl ILymol).

@) Ethyl alechol (diluted from 95: or absolute
aloohol).

d) "Roccal" (Winthrop-Ctesrns, sontains 107
Benzalkonium ehloride),

@) "Clorox" (clarwx Co., Prooter and Camble, 5.25/
by weight sodium hypoehlorite)

£) "ride” (Prooter and Gemble).
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B. METHODS
1. Hateching and Activation
A volume of 0.5 ml, (10 drops)of hatching and

asetivating solution (HAS) was placed in a small Wassermann
tube kept at 37°-38°C., in a constant temperature water bath.
Following & few minutes, temperature equilibration, 2-3
drops of a heavy suspension of ova (approximately 200-500
ova per drop) were added and the tube was shaken gently. At
30 minute intervals 2 drops were removed with a Pasteur
pipette, placed on a slide and covered with a cover slip.
The cover slip was supported with broken pleces of cover
glass to prevent compression of the eggs. All eggs, motile
oncospheres, and non-motile oncospheres, were oéunte& and
tabulated by a systematic mieroseopie examination of the
preparation, Percent hatched onocospheres of total eges
counted and percent activated oncospheres of total hatohed
'oncuapheres counted were oomputed as hatehing and aetivation
rates respectively. The activation rate was taken as an

index for assessing viability.

2. Treatment with Chemicals

The chemical to be tested was prepared in double the
required strength., A known guantity (10.15 drops) was
placed in a tube kept in a water bath at 37°-38°C, Following
temperature equilibration, an equal volume of & heavy
suspension of ova was added. The tubes were shaken and the

time recorded. Ova were treated for 5, 10 and 30 minutes
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for most ochemieals, When considered important treatment
time wns extended to as long as 24 hours.

At the end of treatment period, tubes were immediately
romoved from the water bath and filled with distilled water,
effectively diluting the chemical many fold. Tubes were
subsequently centrifuged at low speed for three minutes,
the supernatent was pipetted off and the sediment resuspended
in distilled water. This process was yepeated 4 tinmes.

After the fourth washing, the tubes were returned to the
water bath and HAS added.

Ove suspensions (aprrox. 1 ml.) in Wassermann tubes
were subjected to temperatures of 507, 60°, 70° and 100°C
in a constant tempernture water bath for varying periods of
time., At the end of the treatment period the tubes were
renoved to a 379-389C water bath and HAS added.



RESULTS : PART I

A. Experimental Infection with I
Dogs
Fourteen dogs were fed brood ocapsules and scolices

during these experiments (Table 1). Of these four failed

to show any infeetion after 3-5 months, The other ten dogs
showed veriable degrees of infection, Two yielded only a
few poorly developed worms at autopsy and three only a few
mature worms. The other five dogs were heavily infected;
worms covered the entire intestinal mmoosa from the duodenum
to the reotum (Pig. 3).

A number of dog intestines, from stray dogs collected
by municipality authorities from the city of Beirut and its
environs, were opened in our laboratory during the years
1958+-1960. Of a total of 156 intestines examined, 17 showed
varying degrees of infection with E. granulosus for a
prevalence of 10.9%. The prevalence rate from the same
locality reported by Berberian (1957) was 20% for the year
1936, and by Turner et al (1936), 20-25% for the years
1935-1936 (from & survey of 500 dogs)., Pipkin et al (1951)
reported a prevalence of 11,75-32,9% fér years 1948-1949,
while Witenberg (1934) found a 20% infeotion iate in dogs
and 10% in jaokals for Palestine.

B. Bffects of Distilled Water and Physiologicas Salime upon
us Proglottids and Ova at 37°C.

I+ was considered desirable to observe the effects
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Experimental Infections with Eghinococous grmnlosus in Dogs

Dog No. ! Date fed l DPate killed Worm burdens
mAz m— el
1 June 20, 1958 November 1, 1959 -
2 November 1, 1958 Mareh 2, 1969 on
5 Novesber 1, 1958 April 11, 1959 ot
4 February 27, 1959 May 8, 1959 .
5 April 25, 1959 June 25, 1959 U
6 May 5 and 20, 1959 August 4, 1959 -
7 May 5 and 20, 1959 August, 1959 -
8 May 27 and Sept. 17, 1959 | November 19, 1959 -
9 June 15 and 18, 1959 September 50, 1959 +
12 October 10 and 25, 195¢ | December 5, 1959 N
13 October 10 and 25, 1959 January 22, 1960 -
14 ﬁovmﬁer 18, 1989 March 18, 1960 -
15 Hovesber 24, 1959 February, 1960 ,e
16 April 1, 1960 Mey 12, 1360 N

# Worm burdent

++++ heavy infections; ++ light infections;

+ Imngture worms} - NO Worms.
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of water and physiological saline alone upon proglottids
and egge inoubated at 37°C.

Proglottid cuticles, vitelline membranes and egg
shells remained intact in distilled water and physiological
saline at 37°C for up to 24 hrs. (Table 2). Between 24 and
48 hours, however, proglottid cuticles and vitelline
membranes broke down although egg shells remained intaot.
Five experiments were run for these results; ova and proglot-

tids were obtained from four different dogs.

C. Effect of Digestive Enzymes and pH upon the Proglottids
and Ova of X
When an ovum of E. granulosus is ingested by an
intermediate host animal it first passes through the stomach

where it is exposed to én acid pH and the aectlon of gastrie
Juice. Iater it passes into the alkaline environment of
the small intestine., The effects of digestive enzymes and

pH upon proglottids and ova of E. granulosus ovum were

therefore investigated (Table 3).

A 1% pepsin solution prepared in 0.4% HC1 pH 1
(artificisl gastric juice) caused the dissolution of
proglottid cuticles and vitelline membranes. A few egg
shells ruptured, resulting in a 3.5 4,6% hatching rate
following 90 min, incubation at 37°C. Of the 48 free
oncospheres counted in 5 experiments,only one was activated.
Most egge did not hateh, however.

A 0.4% solution of HCl had no digesting effect on




Effects of Distilled Water and Physiologic Saline upon E'¢
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TABLE 2

Proglottids and Ova:

Observationaoss

50 minutes

60 wmirmtes

80 minutes

48 bours

Distilled water

*
Proglottid and
ovum suspension

Proglottid cuticles )
Egeg shells ) Intact

 Vitelline membranes )

Proglottid cuticles )
 Bgr shells
Yitellim asnbranes )

) IntacHl Egg shells

Proglottid cuticles )
Vitelline nembranes )

) Intact

Egg Shells ) Intact

Vitelline seabranes

g aissolved

Physiologic
saiine
+
Proglottid and
ovum suspension

Proglotiid cuticles )
Egg shells ) Intast
Vitelline membranes )

|Vitelline mesbranes )

Proglottid cuticles )
Egg shells ) Intact

Proglottid cuticles )
Egg shells ) Intaet
Vitelline membranes )

Egg shells ) Intact

Proglottid cuticles
Vitalline mesbranes

) digesclved

e

# Results of five experiments: Preglottids and ova were cbtained from four different dogs.

w Ty
il —




TABLE 8

The Effects of Degistive Myus and pH uwpon the Ova of Echinocoecus

£ Hatching ¢ Activation
Observations at 15. =in. -
13 min. g dﬂ- 680 min. 90 min.
Pepsin 1% Proglottid euticles ) 1.985.2¢| S.25.7 0 0
0L Oof Vitelline mssbranes ) Dissolving !
‘ (oH.1).| Shells ) Intact (5 )reas (8) (5) (8)
HCL 0% Proglottid cuticles g Intact o 0 0 0
(ptl 1) , (4) (4) (4) (4)
o ite | we ) Dissolving 57.5%17.8| $6.8%15.9 | 57.6L15.9 -10 i7.6
% (o ag) | Shells ) Dlsrupting (8) (5) (5) (5) (5)
Proglottid euticles
m{)s 1.5% Vitelline mesbranes ; Intact 45.6L 2.4 Bhe.1% 3347 71.0% 2842 c 242 14.7
G20 | s} Dottt ruts o | o | | o
8,0 Trog Thtia outisles g Intast 86.1t15.4 | 69.7t25.2 | g1.5L82.2 0 0
(pH 10) | o hay _)lﬂm?tﬁg within () (%) (3) (3) (3)
in 0.3 . :
Trype Proglottid outicles ) .\ 0y 7.0t10.0] 7.8%t7.7 | 110t s.s 85.2214.1 | 17.5%8.1
Shells } Dlarupting (4) (4) (4)

# All values are means! standard deviation and represent ¥ hatched of total egg counts.
## A1l values are neans * standard deviation and represent § activated of total hatched oncospheres.
e Figures in parenthesis indicate muber of experiments; approximately 260 to 400 ova counted

in each experiment.
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proglottid ocuticoles,vitelline membyanes or sgg shells
during 24 hours inoubation at 379C. For longer incubation
periods proglottid euticles began to disintegrote. A total
of 1110 egzs were counted In 4 experiments.

Panerentin (15) preprred in 1,37 NaHCOy (pH 10)
coused ocomplete dissolution of proglottid outieles and
vitelline membranes. GShells also were disyupted in this
solution. They started breaking within 15 minutes of
oxposuve and at 60 minutes to 90 minutes incubation
5T+61 15,9 ef oncospheres werce freec, and 13,3 t 10,07 were
active.

Trypsin (0.45% in 1,37 NeBC03) also saused disruptien
of the shell but not as effieiently asg panereatin, The
hatohing rate in trypein was 11.0% 5,5%, However, Tyypsin
war & better activator of oncosrhersss 35.5 t15.5° of the
hatched ongospheres beoame active.

The effeots of NaHCO3 (1.3%, pH 10) and NH40H (pH 10)
on the shell weve inbercsting to ebsexve. They both
removed the shell (Tl.l: 28,27 and 81,5 % 32% hatched res
pectively), but left proglottid eutioles and vitelline
nembranes intaat. Lgg shell "blooks"™ and oncozpheres eould
be seen fleoating within the oonfines of vitelline menmbranes
(Fige. 10,11,12,13). Only a few (2.,2% 4,7%) oncospheres
hocame active, howsver, in HeHCOs. It was difficult to
deteot notillity because oncosphores were trapped within
vitelline membranes.,
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D. Hatching and Aotivation Mechanism

When ova are cbserved with high magnification the
hexaganth embryo is seen clearly through the shell, which
conalists of radially oriented reotangular blocks bound
together with & cement substance (Pig. 5). Such ova exposed
to the action of hatching solutions soon lose their trans-
parency and appear increasingly darker, probably duve to
the process of digestion of the cement substance and the
loosening of the Joints between the blocks (Fig. 14 and 15).
At completion of the digestive process (10-1% minutes after
exposure at 37°C), the individual blocks are seen floating
away, leaving the oncospheres free (Pig, 16 and 17).

Once the shell is removed and the fragile oncospheral
membrane is ruptured (Fig. 23), the oneosphere becomes
subjeet to the aoction of "activators". Silverman (1954),
working on I. saginata, believed activation to be associated
with a change in the permeability of the oncospheral
membrane and direct stimulation of the hexacanth embryo.

Myers (1957), working with E. multiloenlaris, concluded

that activators operate as complexing agents in binding
traces of heavy metals, He successfully used 20 different
compounds, sodium phosphate and urea ﬂeing among the better
activators.

In the following paragraphs and in Table 4 observa-
tions on the actions of some activators and on their

conmbined aoctions are recorded and discussed,



Table 4 summarises the results obtalned in experiments
testing the hatehing.aotivating effects of various substances
and thelr combinations on the E. granulosus

Alkaline pancrestin, as wap mentioned previously,
caused the disruption of the shell resulting in a 57.6% 15,9
hatch wate, but only a 13.3 % 10,05 activation rate (Sol. 1),
Alkaling trypsin, on the other hand, activated 35,5 t;.?.ﬁ;‘.ﬁ-
of hatched onoospheres although its hateh rate was poow,
bveing omly 11,0% 5,5% (Sol, 2), The combined action of the
two enzymes resulted in 26,4 14.2/ hatohes with 21,7 £t8.45
activation (Sol. 3).

Addition of cholesterol to alkaline pancrestin did
not change its hatehins effeot, but the activationm rate was
raised to 19.5 11,47 (Sel, 4) The addition of ures to
alkaline pansrestin did not improve its actions, as both
hatehing and aotivation pereentnges remained low (Sol, 5).
However, when fresh bile was adled along with cholesterol or
urea, both hatehing and activating effects were enhunced
(301, 6 & 12), Panoreatin-NaHCOg-urea-bile combination
gave 72,7 3,47 hatohes with 34,5t 24,97 beeming active
(801.6), Ponereatin~NalCO3-cholestercl-bile combination reo-
sulted in 80% 9,1% hatohes with 41,1:12,%' astivation (Sol.12).

Bile added to panoreatin.NaliC03 eombination (Sol, 8)
was definitely a better hatehing and aotivating medium then
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TABLE 4

Comparative Effects of Various Hatching - Activating Solutions upon the Ova
of Echinococcus grnnuloms

¢ Hatching £ Activation
Sol. No. HAS#
30 min. 60 min. 90 min. 30 min. 60 min. 90 min.
NAHCOg 87.5% 17.64% 56.8115.4 57.6115.9 BeBL4dnr | 155 10.0] 7.:8%7.8

' | pancreatin G | (s) (5) (5) (5) (5)

2
Trypsin (4) (4) (4) (4) (4) 4)
NaHCOg 12,58 11.9| 28.4% 4.3 26.0%11.1 || 21.7t 8.4 15.22 7.0 | 15.5+5.4

3 Pancreatin
Trypsin (8) (s) {5) (5) (5) (S)

4 Pancreatin
Cholesterol (7) (7) (7) (7) (7) (7)
NaHCOg 45.65 12,2 | 55.52 13.4 52.7t 22.8 || 0.74% 0487 4.6% 240 6.7+ 5.5

5 Pancreatin o .

Urta (4) (4) (4) (4) (4) (4)
NalCOg Urea 85.1% 8.5 | TRJ7L B4 71 2.7 15.1% 2.5 19,72 7.8 | 84.5% 24.

o 8 ‘

Pancreatin  Bilef (5) (8) (8) (3) ) (8)
KaHCOg 26,5+ 22.2 | 41.4% 53.8 44.5% 79.4 9.6+ 845 9.5t 8.8 | 6.0% 0.88

7 Pancreatin
NaoHPO, . 12H,0 (8) (8) (3) (3) (5) (3)
NaHCOz 66.9218;8] 78.7210.d 77.9:9.9 19.5%12.0 | 30.1£14.2] 29.7¢19.8

8 Pancreatin

‘Bile s 5) (5) I (5)_ (5) ) |
@S2 20| 778230y 58:227 || Barsa | Barea | 1721 s8]
HorTa (8) 8 | _ (8) (6) (8) (8) |
i HaikiOy 5581578 64472 104 70471 2047 || 14052 5.9 | 51462 24.8] 3245t 9.9
10 Pancrsatin A ‘
‘f (%) (83 (s) (5) (5) {(5)

5 | ™0 80.6+ 8.8 | 71B:1.8] 7R628.1 || 127874 | 2752 11.5| s2.5tze
He~Taurocholate (3) (8) (3) (3) (3) (%)
Pancreatin Cholesterol (7) (7) (7)n (7) (?) (?)
Pancrestin  NaiCOg 6102 12.8| 6840112.9 65.218.2 | 18.8%7.6 |16.787.8 | 21.7t 9.4

13 Cholesterol
He-tauroglysocholate (s) (5) (s) () (5) (S)

14 NaHCOg Trypsin WA 10| 78.B21le8| 79.8122.0 || 1882129 |352.1%20.8]| 25.5t9.9
Pangreatin  Bile | (5) - (5) (s5) (5) (5) (5)

15 Pancreatin ?ﬁmmm@ G861 Th | B7.821748| 66.2:0.50 [} 18,1282 |26.529.9 | B33 a2
Trypsin " | (3) (&) (3) {3) (3) 3) 1

18 %ﬁﬁ gihﬁ&ﬂﬂml 5602964 | 074118401 723270 || 18482840 | 89.6252.2] 52.0% 19.7

‘* Trypsin (6) (8) (6) () (8) (6) |

17 g | Panereatin  NamOg T 5482 10e2| B0.5% 114 60.8% M5 || W08t 88 B4t Beh | 25.7+ 645
NapTauroglycocholate (5) (5) (5) () (8) (5)

| Pepain ) n ‘

18 “I 1 ) sol1l nath 33“ 2 o 0 05% 1.0 0 o 6.5 10.4
o) P | (4) “) (4) 4) @ (4)

%  Hatching activating solutions (HAS) prepared in distilled water containi
enzymes and substances were computed by weight as follows: pancreatin 17

- RagHPO4 . 12HpQ 0.059%, Neeteuroglycocholate, ne-glysocholate, ne-taur

- %% See Table 3 for interpretation of £ hatching and £ aciivation values.

wittt Filgures in parenthesis indicate muzber of ex
$  Fresh shesp bile, 2 drops per 1 ml.

# Selution 17, according to Silverman (1954).
88 Solution 18, according to Hyers (1957).

ng 1.8¢ HaiiCOx (pH 10).Concentrations of
» trypsin 047, cholesterol 0.05%, urea 17, .
ocholate 14 each.

periments; aporoximately 200-500 ova counted per experiment.
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penoreatin-NaniCOg (Sol. 1) The same increased effect on
hatehing and aotivsation raten was obrerved when fresh bile
was used with pangwveatinetrypsin-laliCOz combination (Sol,14),
where T9.0t 1,97 ova hatohed and 32,11% 20,8/ became activa-
tod. ‘

Bile salts tested in solutiens 9, 10, 11, along with
panoreatin-NaliCOy , produced the same inoreased effect on
the hatohing rates but not to the same degree as when fwesh
bile was used, However, activation rate showed a slight
inoresse (to 32,5%) with the addition of edther Na-tauro-
cholote or Haegzlycooholate (Sol, 10 & 1l)., Na-tauroplyeo-
chelnte, 414 not wreveal the expected inereased offect
(Sol. 9)3 hatohing was 77.6 t19.%5and activation enly
17.2% 5,87, Similarly a reduced effect was noted when
la~tauroglycocholate was added to pancreatinlaiiCOg-scholes-
terole~combination, (Sol. 13)., Only 68,012,754 of ova were
hatehed in this solution with 21.7 % 9.47 of them becoming
notile. Whereas when fresh bile was substituted for bile
paltes in the same combinantion of compownds (Sol. 12) hatohes
were B0% 9,1% and agtivation 43.1% 12,57,

Silvermen (1954) obtaines effective hatehing and
activatior. of T. saginate ova with a @dﬁﬂﬂ&tiﬁ~ﬂ&ﬂ063~u
trypein-oholensterol-Na~tauroglycosholate combination, The
ova of I. granulosus tested with the same solutien, (Sol. 17)¢
resulted in a hateh of 60.8 114,37 with 25,7 +6,5: activation.
Substituting Na-glysocholate for Ha-tauroglyeocholate in
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the same combinatien, (Sol. 15), hatoh rate went up to
67.0% 7497 amd astivation rate 34.3% 4,2y, However, the
substitution of fresh bile for any bile salt (8¢, 16)
resulted in T2.2% 7.07 hatehed and 52 L 19,7 motile ongo-
spheres, this being tha highest percentage of setivatiom
obtained in these experiments, This solution (8ol, 16)
therefore was adopted as the routine hatoehing-sativating
solution (HAS) for the second part of this work,

Solution 18 was prepared according to the direcolions
given by Nyer (1957), who used the same for hatohing and
activating the ova of Eghi W 1le¢ This
solution eonsivte of two parts: B5ol, I, pruyawma by adding
0,10 g+ persin 113000, 2.4 g. EaCl and 0,087 g. Nagl04.12000
to 300 ml 6,7x10™7M HCls Sol, II, prepared by adding 1,20 g.
trypein 11250 and 2.4 g. NaCl to 300 ml. 6.T75x10721 YapiPis
a known guantity of Sol, I and Sol, II were placed in 2
small tubes at 380C, After a few minutes for temperature
equilibration the same wihure of egg suspension was added o
the tube ocomtaining Sol. I. An incubation period of §
minutes was allowed and the contents of tube with Sel, II

&ﬁ&eﬁ on to the salt and epg mumpnmmian. Observations
were ocarried out follewing 5, 15, 30, 60 and 9¢ minutes
ineubation. In 4 experimenta cver 2000 ova were ocounted,
but only 4 eggs hatehed and only 1 of these was observed to
be aetive, This procedure would not appear to be very

effective, therefore, for hatching or activating E. granulosus
ova.,



EEBULTS ¢ PART IX

A. Resistance of Eehingcogous granulosus Ove to Chemicals
In the searoh for an effective ovielde against the
egge of B gramulesus, several chemicals cormonly used as

disinfeotants and germicides were tested, An attempt was
made to determine the effeot wpon ova of hent. Thone
results are presented in the following pages and tadbles,

Control experiments using HAS seleatod in Fart I
(Solntion 16, Table 4) were run using ovk ¢ollceted from
each of the experimentally and naturally Infected dogs.
These results, tabulsted in Table 5, hoalde serving as
controls for the chemioal~treatment experimentsz in sach
instance, are interesting in therwelves.

A difference was observed in hatehing and activation
rates of ova obtained from different portions of the
integtine of the same dog., Ova from the reobum or stoocls
of Doz 5, for example, when iuoubated 30-90 minvtes in HAS,
had & hateh rate of 72,3 t7,0% with 52.0 119.77 activation,
while ova recovered fyom proglottids (ecollected from upper
paxrt of small fntestine), had a haoteh .rate of only 56,8% 197
with 20,7 £ 12% potivation. Similarly, a difference in
hatehing and getivation, war obeerved In exreriments with
ova from Dog 1l2. Here wvanlues wore 92,5 L1.,47 hateh and
20401 4,3, astivation in ova from stools or rectun, and

.33 .



Coaparison of Hatchability and Activation in HAS® of Ova Obtained Under Different

TABLE §

Conditions and Dva from Different Dogs

| L]
: sHatenhi £ Aetivation
Dog HNo Source of Ova 2 X
50 ain. 80 mina 80 min. 20 min. 63 ﬁ.ﬂq 7 80 ain.
58.0F 0¥ B7.17 640 | 725740 18.5L Ge0n  B9.6L 52.2| 52.0% 19.7
5 Stools or Rectal %éa.szzing 8
{6)* (8) {6) (6) (6) (6) _
. km& 38.0L18e4] 42.521447] 56451196 lde7 1544 20.7%12.,0| 174%09
S € (8 (8) (8) (8) (8) ()
: BTt 548 995E 1ok | 9943 0a7 7e2% 55 1271 5.1 | 20.0% 4.8
12 Stools or Rectal Washing
. _(9) (8) (9) (8) (8) (9)
+ +. + + +
12 Proglottids 85.9L12.8] 95.8L548 | 987 18 581 249 10%38 | 1251z
(8) (8) (8) (8) (8) (8)
9.2 18.7| 906178 | 91.8L 93 440t 442 16.2218.8 | 15.3%8.3
1s Proglottids
() (9) {9 (9) (9) (9)
5ol Tottids 9621 1od 9Bedt1lel | 97.6%0.4 Belt 1.8 15.4+5.5 9.1t 2.9
s Prog .
: (4) (4) (4) 4) (4) (4)
78 | progot 88.9% 1.8 99.85 548 | 99.810.9 W1t 549 12,5271 | 18471947
glottids (7) (7) (7) (7) (7 (7)
92.5%10.1| 95.7t4ed | 96.5%5.9 Te6E 740 15.927.9 | 18.5Z11.0
P ' Pro g‘jm ;‘ Lt m EXRE ¥ ”(s )» N

”C.:"

Hatehing activating solution: formmla given Table 4, Sol. 16.
See Table § for interpretation of ¢ hatohing and 7 activation values.

FPigures in parenthesis indicate nmumber of experiment; aprroximately 200-400 ova counted per experiment
8 B0 and 07 were naturally infected doge.



Cemparison of Hatchability and Activation in HAS* of Ova Dbtained Under Diifferent

TABIE §

Conditions and Dva from Di‘ferent Dogs

' i
W : £ Hatehing £ Activation
Dog Ho Source of Jva —
$0 min, 60 min, 90 min. 50 min. 60 min. 90 min.
58.0% 94 6717640 | 7231740 18.8L 6408 B9.6L82.2| 52.0% 19.7
1 Stools or Rectal Hashing
{6) (8) (6) (6) (6) (6)
. Lattiéa 38021644 42.513407] 56.8119.8|| 14.71844 20.7%32.0| 1741949
; (6) (8) (8) (6) (6) (6)
| ‘ 98.7% 5.9 995 1ed | 59e3% 047 Te21 845 | 12,7284 | 2040 48
12 Stools or Rectal Washing , o '
_ (9) (s) (s) (8) (2} 8}
4 + 2 .+ + o,
12 Proelottide 85.9% 12.8] 96s6L 548 | 98.7L 148 58% 2.9 101185 | 125249
(8) (8) (8) (8) (8) (8)
69.5%18.7| 90.6X7e8 | 9181943 4401 4,2 16.2218.6 | 15.528.8
1s Proglottids
(9) __® (9) (9) (9) (9)
sof Lottids 96.2% 1.4 98.411.2 | 97.610.4 Belt 1.8 15.413.5 9.1%£2.9
: (4) (4) (4) (4) (4) (4)
-8 Lot 98,91 15 99.815s8 | 99.81049 711549 12,55 7.1 | 18.7%9.7
7% | Froglottids (7) (1) (7) (7) () (7)
$2.5%10.1] 95.7t4 | 96.5:5.9 || 7.6t7.0 | 15979 | 18.5: 110
07 | Proglottids acidPepsid a7 | an a7) an (17) (17)
R B s R - YA et S 19708 ] & :
- FN; 0 mm i 4 ;m it un‘é«'}f x»u f.f.;a.uﬁﬁ} ; R RN |
| (s) (s) (z)

# Hatehing activating solution: formula given Table 4, Sol. 186.

#+ See Table § for interpretation of ¥ hatohing and £ activation values.
%  Pigures in parenthesis indlcate number of experiment; apprroximately 200-400 ova counted per experiment
§ S 50 and 07 were naturally infected dogz.
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98,7t l.¥hateh and 12,5 £2,9% activation in ova recovered
from proglottid suspensions. These values were the highest
rates obtained during a 3090 minutes' inoubation period in
HAS (Table 5).

A seoond interesting feature of date precented in
Table 5 is thes difference observed in motivation rate of ova
obtained from different dogs. Fercent activation of ova
recovered from stoocls or reetal washings of Dog 5 and Dog 12
were respectively 52,0t 19,74 and 20,01 4.30. Similarly,
pevoent activation in ova recovered fron proglottid suspen-
sions of Dogs %,12,13513 and 07 were, respectively, 20,7+12,07
12,5 2249%, 1642 L13.6, 13.4 + 3,57 and 13.7 £9.77.

During the course of chemiaeal treatment experiments,
when the supply of ova from stools or reotal washings was
exhausted in any instance, it was necessary 1o use ova
recovered from ‘pimloﬁtida. Proglottid smepensions were
treated with agld pepsin (5 minutes in 17 vepsin prepared in
O.4;. HC1) at 37°C in order to break down proglottid tissues
and release the ova. A umpwimm of hatohing and activation
ratos, before and after pevsin treatment, af‘ such ova from
Dogs 07 and 12 showed 1ittle, 1f any, effect of pepsin
rretreatment upon either hatehing ox ;wtimtinm Preotreat~
ment with pepsin caused a slight innmm in veroent
sotivation (from 13.7% 9,7 to 16,5% 11,0) in ova frem Dog 07,
ani a slight deorease in percent activation (from 12,5 7,1
t0 8,9+1,9) in ova from Dog 12 (Table 5).
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In the chemiecal troatwent experiments the ova use
were, for the moast part, those recovered from reotal
washings of Dog., 12. Ova from proglottid suspensions, aftor
pepein treatment, of dogs 12, 13, 0T and S30 also were used,

Aotivntion rates of ova from these doge ranged from 12,5
to 20) and hatoh wates from 90 to 99,

for 5, 10 and 30 minutas. to 5% formalin for % minutes, and
to 107 formalin for § minutes did not differ in their
hatehing and activation rates from those of the comirols.
Highest activation rates obinined Aduring 30-90 ninutes
inoubation at 37°C in HAS for ova exposed to 17 formalin

for $, 10 and 30 minutes were, reaspeotively, 18.4, 12.9 and
13,74 (Table 6). Hatohing rates nlso were at a high leovel
in the 5, 10 and 30 mimute groups (they were, rospeotively,
97.0, 91.3 and 80,8%), and eslightly lower in the 57 formalin,
5 minute group (88.8%) and 107 formalin % minute group
(74.45°). When exposure time or concentration of formalin

or both were stepred up, however, the hhtehing rate was
reduced conslderably (as in 5% formalin for 10 and 30
minubes; 10% formalin for 10, 30 and 60 minutes; 20/
formalin for 5 minutes), oy prevented completely (as in 10%
formalin for 6 and 24 hourc and 20/ formalin for 10 minuntes
ox longer,



TABLE 6

Effects of Formalin upon the Viability of Echinococcus granulosus Ova

—— A A T
Concent | 158 2] 28| 2 % % £ % s f % g <
Trea Hatched} Activated| HatchedActivated| liatehed] Activated] Hatched| Activatediitatohed)Activated | Hatched jActivated
| s mn. so.25 74° | 9831 | 167 o700 | 184 | oee2 g7 I - - - -
(3) #B)} B (3) (3) ()} (&) ¢3! | .
1 10 min. 8l.57 97 89.0 T o2 8).8 1R.9 912 1l.5 - - - -
' (3) (3) (8) (3) (3) (3)f (8) ()4
%0 min. 41.91 246 T8 o4 849 B0 .8 D8 79.8 18.7 - - _ -
(5 (%) (8) (3) (s) (8} (8) (5)‘l
¢ n 74029 5.5 | 87.2 55 | 864 | 15.8 | 88.8 | 14.6 ) i ) )
(%) (3) (3) (3) (5)} {8) (8) (8) I}
29.41 20 54..8 4.0 8.1 . 6 8 77 R 4.2
%[ ) @] @ @ @ @ @l @l - - - )
) 0 0e7 0 0t 0 1.8 0 |1 61.2 26.6
oma wl. @ @ o e e @] e o | ° X
5 adn 3108 4.4 5.8 | 4.8 78«1 J L 74 1540 - - . .
(8 (s) (8) (8} (8) () (&) (3)
0 0 1.9 o | 0.4 0 19.1 840
2wl e @ @ o e @] @) T | R
T e mal w0 | ea | 22} oewt s Pt uatma | we
20t ‘{ (4)] ﬁti (4) {4) (‘) (4) )y - (4 (2) () ~ -
' wunl 2] ° o2 | 0 " 1. B EEREXN N "
(2 (2) (z (z) (2) {2)
s ical © 0 0 0 _ ._‘ i _ lims 41 | &0 | 9.
(2) (2) (2) (2)4 ) ‘} Y (@) (2) {
2 res] © o 0 o _ ] B BEREREIES
| | - W @ W W
I 0 4.7 | © _ i i B EREEREDEE
(2} (2) (2) () ) (%) (2] (2)
o wtnl o o 1 , - R _ fus | sa [sie | ew
(2)] (2) (2) (%) 4 (2) (2) (2 (2)
N o e | o o ] sz | es [sma | s
() (?) (2) (2) | ‘ (%) (2) {2] ()
20% 60 mind ° ¢ ° 0 - 1 . . - 518 840 464 | 2.9
(4)f (4) (4) (¢) . (4) (4) (4 {¢)
s el © ) 0 o . 1 N ) _flnal s | eas 0
(2)} (%) (2) (®) - (2) (2) (2} (2)
G o o o 46.1 0 5644 0
“r e @ @ @) | b @ @ e @

. # Double line rejresents t{reatmert in 17 ne-hypochlorite

## Hatching agtivating solution; formula given in Table 4, 50l. 18.

b4 Auvmmmmwsmmmawmm

& uluummmwsmuuteddmmlmpmrmhﬂcm.
7

mwznmmummmwmm,apm 200~$00 ova gounted
per experiment.
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Microscopically it was not possible to tell, however,
whether oncospheres within unhatched eggs, the shells of
which were fixed in formalin, were living or dead in as
much as they remained normal in appearance. Although such
formalin.fixed ova were incubated for long periods of time
in HAS (up to 18 hours) no hatching was observed. When
shells were removed by treatment with 1% sodium hypeehlorite
solution for 3-5 minutes, however, and freed oncospheres
washed four times in distilled water with subsequent incuba-
tion in HAS, it was found that a large percentage of such
oncospheres were still viable. In faet, activation rates
were frequently higher in these ova than in the controls.
Thus in ova exposed te 10% formalin for 30 minutes, the
highest activation rate was 14.8%. After removing shells
in sodium hypochlorite, washing oncospheres and incubating
a seoond time in HAS, the activation rate was increased to
29,9%, Similarly, in ova exposed to 10% formalin for 6
hours and 24 hours, there were no hatched oncospheres
observed following 30.90 minutes' incubation in HAS, When
shells were removed in sodium hypochlorite solution, washed
and incubated in HAS, however, activation rates were
respectively 9.5 and 26% (Table 6). '

Approximately the same resulte were obtained in ova
exposed to 20% formalin for 5, 10, 30 and 60 ninutes 6
hours and 24 hours. There was no hatching in any of these
groups of ova after initial inecubation in HAS. When shells



were removed in sodium bhypochlorite solution, washed and
incubated in HAS, however, activation rates were, 19.9%,
9.9%, 8¢5%, 6.,0%, 1,5% and 0%, respectively.

It 18 clear from the foregoing that formelin at the
various concentrations, and at the wvarious periods of time
tested, did not render all treated oncospheres non-viables
a certain percentage of active oncospheres were observed
in all groups except the 20% formalin, 24 hours group.

Another interesting feature of activation rates
after sodiun hypochlorite treatment was their gradual

decrease with inersase of exposure time to 20% formalin.

C. Effects of Lysol upon the Viability of Eehinocogc
Exposure to 2% and 5% Lysol for 5, 10, 30 and‘ﬁo
minutes did not effect hatching of ova and activation of

oncospheres, Hatehing and activation rates, obtalned in
these experiments, did not deviate muech from those obtained
in the controls (Table 7).

Exposure of ova to 10% Iysol for 5, 10 and 30 minutes
and for 6 and 24 hours reduced hatehing as exposure time
was inoreased. The highest hatehing rate after 5 minutes
in 10% Lysol was 93.1% with 17.2% activated, while after 24
houre in 10% Lysol corresponding values were 47.2% and 4.0%
(Table 7). 1In these experiments, although shells were
fixed gradually as exposure time was increased, activation

rates remained at a high level among hatehed onccspheres.



- 40 =
TABLE 7

Effects of lysol upen the Viability of Echinococcus gramulosus Ova.s

v

24 1rs.| 253 0 27 .2 2.8 | 47.2 40
(%) (8) | (%) )| (5) (5)
Smael(2) (2) | (2) 2) (2) @ (@ (2}
10 mt 48 2 { 570 125 000 .5 3. 800 b33
N - .
(2) @ | (& (2) ® ()] (2 ()
208 50 win. 34.0 Iﬁw? tal 25«0 - - 7 o4 O
| () (= | (5) (8) (3) (2)
8 hrs. 0 0 0 C ‘ - . 0 0
(R) {<) () () (®) {2)
24 hrs.] © ° ° ¢ . . 0 0
(®) (&) (£} (2) {2) (®)

# leagend same as Table £




1-41 -

Ova treated with 10% Iysel became dark in eolor and
swallen (Fig. 28), Some shells oracked while others
remained intaet. As the exposure time was increased more
ova swelled and ruptured (Fig. 27). BSuch changes in moiaw;
appearande and size of ova were even more chvious in ova
treated with 20y Iysol.

In ova exposed to 20% lysol for 5, 10 and 30 minutes
hatehing was markedly suppressed and in those exposed for 6
and 24 hours it was completely prevented. Removal of shells
in podiuvm hypoechlorite solutlon and subsequert incubation
in BAS wesulted in higher perceniages of activeted onco-
sphores in some lhstances,

In the group of ova exposed to 205 lysol for 6 and
24 hours no onocospheres appeared to have survived when
shells were rermoved in sodium hypochlorite.

D. Effeots of Ethyl Alechel upen the Viability ow'@ggﬁgar

losus ova to 507 ethyl alechol

for 5 and 10 ninutes did not effeot their hatehing,

although in the 30 mimute group a slight xm@uafimn in

hatehing raté was obmerved (reduwotion from 98 to 92).

Aotivation rates were high in all the pgrouvs, highest rates

for the 5, 10 and 30 minute groups were 22,3, 24,9, and 17.8%

respeotively (Table 8). '
I ove exposed to T0/ alechol for 5, 10, 30 and 60

minutes, hatohing rates were reduced gradually as the



- A% -

TABLE 8

Enhinnaaaeugﬁgrnnalntua Ova ot

Bfiects of Ethyl Alcohol upon the Viability of

| wl A}nahal HeAi Sol. HeA Sole HA Sol. HeA Sol.
; . Time g % 1 ' 4 £ £ O 1
Concent. Treated| Hatched Activated| iatOhed Activated Hatched Activated | Hatched Activated
' 95.8 | 17.0 978 | 225 | 97.5 | 17.9 967 | 21.8
el @] ] ] W @ W W] @
sof | 20min.| 956 740 98.9 | 17.0 | 98.5 | 2449 984 | 13.8
(%) (3) (3) (%) () (&) () (5}
? 81D o0 8108 | 1.7 92.4 17.6
| &0 mine - -
50 @ ® ®] ®] ® W
5 m. 9642 | 110 P52 | 255 g7.7 | 204 978 | 2547
@ e ® e @ ®] ® e
o min.| 542 | 17 88.985 | M0 | 878 | L0 8.9 | 194
, (8) (8) (6) (&) (8) (e) (8) (6)
0 548 | 745 7289 | U0 | 790 | 198
H 50 mﬂ o -
| i @ @l w W @ W
1 ! | %3 | 7.0 | 20 | 205 | 2S5 | 200 18.2 | 164
L REe ) e e @ @ @ (e
(8) () 5) (3) (3) | (3)
| %
1o ain. M.a‘ 28.8 90.16 | 1446 91.9 11.8 i _
% 054 ; (8) () (8) (3) (3) | (3)
! ! i .
50 m‘iﬂm ;i 62 99 ¢ 18‘9 | 75 019 3—2.5 69.(3 % 27 aﬁ - -
; (2) () (2) (2) (%) j (2)
‘ 60 min. 88.4 28 o alwﬁ § 546 mao ; 21k - -
() (2) ! () () . (&) ! () |

# Legend sane as Table 6
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exposure time was inoreased, BRates for the above periods,
at 90 minubten inoubation in HAS, were, recpeoatively, 97.7.
878y T9.0, 23,5/ (Table 8). 7This gradual decline in
hatohing vates sugrests that shells were being fixed through
prolonged contact with aleohol. The same effeot was also
ohservaed in experimenmts with 957 aleochol.

Aotivation rates, hovever, both in 70/ and 957
aleohol did not ohange with time of exposure. Highest
activation rates after 5, 10, 30 and 60 minutes in TO¥
aleohol were 25.7/, 19.4%, 19,3/ and 29.9) respectively, and
after 5, 10, 30 and 60 minutes in 957 alechol, 26.6;, 23,87
27.3 and 25.0/ (Table 8).

However, observations orn sncospheres habtched from ova
treated with 957 aloohol revealed that, with inmersased
incubation in HAZ, oncospheres were being gradually destroyed.
This may be iliustrated in the results of a typieal experi-
ment. The ovum eount per 2 drops frem a tube treated for
30 minutes with 957 aleohol befsro incubation in HAS was
300 ova, after 30 minutes' inoubatior in HAS the ovum count
decreased to 35, after 60 minutes' incubation to 16, and
after 90 minutes' inoubation it was still 16, This effeot
of 95 alechol was omnmishently observed and sugrested the
slow permestion of the egg thell by alechol witk resulting
death of the oncospheres
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E. Effects of “Roccal® upon the Viability of Behinoocooceus
granulosus Ova
*Rocoal® (auntainmﬁg 107 Bemgzalkerium ehloride) is
eommonly used as a germieide on utensils in eating establishe
went, milk precessing rlants, bakeries and canneries at a

dilutiom of 1:5000 and am a spray on walle and floors of
hespitals and for general household use at a dilution of
111250,

In these experiments ova were exposed to three diluw-
tions of "Roscal", 111250, 11100, and 1:50. Those exposed
to 131250 and 1:100 dilutions for from 5 to 30. minutos
hatched and were aoctivated al rates simllar to the oonirols
(Table 9).

Ova exposed to the 1:%0 dilution of “"Roccal" hatched
at a lesser rate, however. Whan such ova were treated with
sodium hyproochlorite solution, a high percentage of onoo-
ﬁ@hﬁrww'wwwa found to hove survived (Table 9).

P

A 5% solution of sodium hypochlorite was recommended
by Berray (1954) for destroying the ova 'of E. gronulosus
on instruments and laboratory containers, Time of exposure
was not gbtated in the ahstract meen.

"Clovrox" (oontaining 5,25  sodium hypochlorite) was
used virtually undiluted in these experiments., That is



TABLE 9
Bffects of *Roccal’ upon the Viability of
E. granilosus Ovae
Boocal H= A Sol. He A Sol. K= A Sol. .
Congent- Time P g | ,
ration | Treated wﬁmﬁ Activated) Hatghed! astibated  iatihed A@M
8649 | 82 97.8 | 84 97.8 | 1841
800 P 5 min,
(?) (2) (&) | (%) (2) (2)
97 42 o9 88 19 44 100.0 24 W2
1/1256 10 nin. ‘
(=) (2) (2} (2) (£) (£)
NERES 9D | ToB 5.8 | 1241
50 win. .
(%) (2) (=) (2) (2) (%)
ok, .7 L. ld
¢ min,| 0 | 20 90 640 9 1048
() (%) (%) (%) (2) (&)
3/100 | 10 min.| 848 | 2 B5e6 | 78 895 | 84l
@ @ @ @ @ @
50 min,| 3748 | 7.9 857 | 104 | 86,5 | 9ed
(2) § (%) (2) (®) () 1 (2)
5 min.| W86 4.8 WG | 28 | 1640 | 245
| 1) | 1 1 1 1 (a
350 ( )5 (1) ( )3 (1) () (1)
20,0 | 4e8 | BB.l | 93 Bodle | B8

mma. ; | o ’ z
@) @ e )y (0 1) ()

# Legend Same a8 Table 6
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very eoncentrated suspensions of ova were used and the
volume of "Clorox" was sufficlently in excess so that the
final concentration of sodium hypoehlorite approximated 5.

The shells of ova exposed to "Clorox" dissolved
completely in 345 minutes (Figures 18, 19 and 20), leaving
the onoosrheres exposed to the aetion of the chemieal,
Hatering in all experiments was 100/, Highest activation
rates after 5, 10, 30 and 60 minutes exposures were, resw
pectively, 47,3, 35.7, 26.2, and 30,8/. All values are
higher thon controls (Table 10).

"Tide",upon the Viability

The usual goncentration of "Tide® for general house-
hold use has been estim:ted to be between 17 and 2/,

Ova exposed to 1/ and 2% solutions of "Tide™ for
various periods of time did not show any deleteriocus effeets.
Hatehing was normal and activation rotes were even highew
than those obtained in the controls (Table 11).

An attempt was made to determine the effeot of molst
, sug (Table 12).
Exposure to 500C for 5 mimmtes did not change the
appearance of the ova and did net kill all the oncosrheres,
Pollowing inoubated in HAS for 30 minutes 817 hatohed with
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TABLE 10

Effegts of 85X Sodium MNyposhlorite nm 'hhu Viability

of Echinogogcus grunulosus Ova.

i i 3 ’ L ‘? * &
mmwmoé 1040 :mmmi 85 2000 | 2440
(8} | @)1 (&) (8) . (&) (8)

5% = _ﬂ ' ! ‘ ¢

| (8) (3) | (%), (8)  (3) (8) ©

L 100.0 1 2647 ! 10040 | 26.8 10040 | 0.8 |

; | 80 wina| | | | f;
* () vy () (1) ; () (1) !

#* lagend save as Table 6
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TABLE 11

Effects of Detergent "Tide™ upon the Viability of
Eeshinocoascus g:nunimuux Ova .

Tide |  He A Bol. He & Sol. He A S0l

30 wmin. 60 min, 20mine .
Consant~| Time 4 g 4 4 g | %
ration @ Treated|Hatehed Activated latehed Activated |datched Aotivad

5 pdne 9547 116 000 2846 10040 2% ol
(8) {5) (%) (8) (5) (&)
Y 1 15.0 7 o8 &7.8 985 56«2

it mine ; »
i (#) (2) | (*) (R) | (2) (2)
5ld | S7.8 | 428 | P8R | 494 | 2240
30 mina _ 7
0 (2) (®) () - (®) (2) (2)
g ugn,| 0 | B el dsd @9l | RY

(2) () (%) (%) (2) (2)

10 min.] 95.8 | 1%.2 | 9941 | 194 (1000 | 218
(%) &) (2) (?) (2) (%)
85,0 | 5%5.9 | 94.8 | 78,0 [100.0 | 5240
(8) (&) | (3) (8) |  (3) (8)
1000 | 488 (1000 | 6048 11000 | 6540
(3) (8) (8) (3) () (8)
10040 | 800  (100.0 | 2.8 200.0 Sel
@ @] @ @ @] @

2% 30 min.

6 lra.

&4 bhra .

# Tepend dawe »s Table 6
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TABLE 12

Effects of Moist Heat upon the Viebility of
Echinocoocus granulosus Ova.#

Temperaturs H=~ A Sol. H- A Sol. H - A Sol. R - & Sol.
bk 50 min. 60 min. 20 min. somwn. |
o Tims | % 1 £ g g % g P
Trixzbafledliatched | Activated | Hatched |Activated | Hatched |Activated|l Hatched lAetivated
5 min 8l 6ol 90 6.8 9% o2 0
1@ (2) (2) (2) (2) (2)
5o 10 min 1 81 0 , 85.7 0 9l .8 Q F
(@) (2) (2) (2) (2) (2)
30 min.’ o4 0 g8 2 0 204 0
(1) (1) (1) (1) @ | @ ﬂ
5 win. 7 o8 0 6e5 0 1047 0 0 0
60 . (2) (2) (2) (2) (2) (2) (2) (2)
¥
0 0 Q ] Q Q Q 0
10 min. | ) (1) (1) @ | @ @ (@ @)
| 5 M-Xh ) ‘»OA - 0 0 0 0 0
S RO S - VR ER ) (1) (1) (1) (1)
0 0 |
70 | 10 min. (\1), B (1)
o o
N B
"6 | o ‘
100 @ | @ @) (1) (1) (1)
5 mn. | © 0 0 ) 0 0 0 0
() (8) (5) (5) | (5) | (3

#* Jmgend Same as Table 6
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with 6.2% activation, for 50 minutes 90% hatched with 6,8%
activation, and for 90 minutes 93.2% hateched but no active
oncospheres were observed. ,

Ove exposed to 50°C for 10 and 30 minutes also were
unchanged in appearance. In the 10 minute group, hatching
was from 81% to 91.6% and in the 30 minute group, it was
94% to 99.4%. No active oncospheres were observed in either
of these groups of ova.

However, in the group exposed to 50°C for 10 minutes
although 2 of a total of 543 oncospheres counted appeared
morphologically as though they had been activated, at the
time of observation (following 30 minutes' incubation in HAS)
they were not motile. Effects of 50°C are therefore equi-
voocal.

In ova exposed to 60°C for 5 minutes,the hatching
rate was low (only 6.5+10.7%). Oncospheres appeared to be
of normal size and shape although no motile oncospheres
were observed. Unhatched ova, which also appeared normal,
when treated in sodium hypochlorite solution did not contain
active oncospheres.

Ova exposed to 600C for 10 minutes, to 70°C for §,

10 and 30 minutes and to 1009C for 1 and 5 minutes did not
hatch. Ova exposed to these tenperatures appeared swollen,
and the oncospheres within were structureless masses (Fig.26).
When guch ova were incubated in HAS, the shells as well as

the onccspheres of most ova were digested. The few appar-
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ently intact ove which yemained in each experiment, when
treated with sodium hypochlerite, completely disappeared.



DISCUSHIOR

Evidence fron theme experiments indicates that the
cemont which binds the rootangular bloeks forming the

shells of ogee of B. gxamlosug, is not disaclved in an

v

aald medium, even in the presence of a proteolytic ansyne
puch as pepain. It 1s dissolved, however, under alkaline
conditions (HaRCOs or NHzOH at a pH of 10) without the sid
of any vroteolytie engyme. This could lead us to assume,
rerhaps, thatthe cement pubestance is non-protein in nature.
Pozymes sveh as panorestin end trypein, in addition to
dipesting ﬁraglwﬁ%ia tissues and vitelline membrancs, apreayr
to be important in activeting the oncospheres after the
ronoval of the shells. Through the combined asotions of
LaHCO3 (pH 10), panereatin and trypein 1t is possible to
free ova from proglottid tiscues and vitelline membranes,
oneospheres from thelr shell elemsnts and to activate a
high percentage of the latter. The further addition of
sholosterecl end fresh sheep bile greatly enhances the
activating effeoct of these enzymes. Purified bile saltis
only portially substitute for fresh bile,

Bile and its salts are surface active agents.
Acoording to Glsseman (1948), surface aotive agents albex
energy relotionships st interfaces thereby lowerins surface

or lntexfoeial tensiong. e points out that the intersetiom

W52&l
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of swrlface active agents and proteins may result in preeipi.
tation, complex formation and dematuration. Anson (1939)
had previcusly reported that small amounts of surface aoctive
agents oould have powerful dematuring effeets upon proteins.
Soreenisavays (1938) and later Haurowits (1945) have
denonstrated that txypein sots yapidly on denatured proteins
but omly slowly on unative proteins. Torhaps bile, as a
surfage active agent, denatures embryonal membrane proteln
and thereby renders it more suscepiible to trypsin by
digestion.

It is also possible that bile has a diveot exeitatory
offeot upon the tigsues of the oncosphere. sSuoch an
exoitatoxy property of bile and ite salts has long been
recognized, Vork of early workers indicated that bile had
the partioular chara¢teristic of stimulating gut astivity.
Horall (1937) observed that bile was apparently necessaxy
for normal intestinal pariﬁtalaim,

Various other effects of bile upon the physiology of
tapeworms, particularly upon the evagination and exoystation
of eysticerci and oysticereolds have been reported by
Malkani (1933), De Wasle (1934), Bdgar (1941), Smith (1954),
Rotman (1958, 1959) and Read (1955). Beok (1951) obsexrved
that the addition of small quantities of dog bile to the
food of male and female rats stimulated egg production in

Isobe (1922), Ieocnard (1941) and others rocognized
the importance of fresh bile in the bdatehing of taeniid owa,
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but 1t was Silverman (1954) who suggested its funetion in
the aotivation of the oncosphere. Derberian (1957) noted
that Z, gramloesus ova would bateh in human bile and in the
intestinel Jjuioce of sheop and ecattile, as well ans in eyrude
panoreatin,

Motility of the oncosphere was taken to be the
exriterion of viability in all of these experiments and the
sotivation rate was considered to be an index for asscessing
rosistance to shemieal agents., However, absence of motility
oould not be c¢onsidered as an indication of absence of life,
Most ongospheres when hatohed are inactive (Fig. 22, Top).
Only when they are exposed to the stimulating effect of
various ‘anotivators® do thoy become motlle (Fig. 23). In ne
instance could all oncospheres be activated; a number always
remained Inaotive in every experiment. DIerhaps the onco-
spheral menmbranes of cuch ova were not influenced by
activators, or, more likely, sueh omoosphores were perhaps
inpuffioiently mature to be stimlated to activity (as
recently suggested) in the omse of Hydatigena.

This latter is evident when getivation is compeved
in oncospheres recovered from stools and in those wecovered

fron proglottids. The aotivation rata'in‘unnamphmrum from
stools of Dog S,was 52t 19,7 and fyom Dog 12, 20,0% 4,33
while asotivation in oncosmpheres from proglottids of the same
dogs were, respectively, 17.4 % 9,97 and 12,5+ 2,9 These
results indieate thuat oncospheres recowered from proglottids,
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being lose mature, are aotivated at lower wates,

Attempts at vital staining gave further support to
+his view. Termeability to vital stains was pooxr in
inpotive oncospheres otherwise noxmal in appearance. Methylw
ene blue or Nile blue, when added to the HAS, penetrated the
living aotive omeospheres (Fig. 25) and activated, but desd,
encospheyes. Onocospheres which were not activated d4id not
take the stain, however, supesting that the unaltered
unoospheral membrone was not permeadle to the dye.

Be. Besiztance to Chemioanls and Heat
Hydatid disease is o major publie health problem in
many perts of the world. The rate of infeotion in Lebanom
is high (Solwabe and Abu Daeud, umpuhlished data). In con-
trol or armﬁimatiamiammyaignn, an efficacious proecdure
for the destruetion of ova would be ilnwvaluable. To this
end the effeots of some cormon germicides and diginfectanta
‘upon the viability of E. gramulosus ova were tested in yitro.
Formalin and Lysol at low concentrations 1 $o &5

wore ineflective as evidenced by the high percentage of
potivation obtained amons hatehed oncospheres. Penetration
of these chemiocals at low concentrations was apparently
slow., At higher concenirations (10 to 20%) the shells were
fixed. Oncospheres within fimﬂ&.ﬁhﬂllﬁ wore activated at
a high rate, however, when shells were removed in sodium
hiypoahlorite solution,

Owa exposed to 200 formelin for various periods of
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time showed a gradusl refuetion in percentage zotivation,
with Ineresse of exposure time. {This eould de irterpreted
ag the result of a very slow peneiration of formalin thyoush
fixed shells with eonsequent damage o the onoospheres.

Ova remained viable in 50/ and 70¥ ethyl alaeohol for
up t0 60 ninutea. If there was any aoction of aloohol during
these periods of twreatment, it was to inorease the aoctiva-
tion vrate wather than to damage the enbryos. However, many
of the ova expomed to 957 aloohol were adversely effeoted,
although the aotivation rate among those that d1d oseape
fdamege was high,

"Roeaal", at & dilution rooommended for rernmieidal
usze, had no effeet upom the viability or hatohing of ova
treated for the perioeds stated. At dilutions 10 times and
25 times more ooncentrated than that rescommended "Roocal®
reduced hatehing but the activation rate among surviving
ova renained high.

"Clorox", containing 5,257 sodium hypochlorite,
ecompletely disselved shells in a few mimutes, so that
onecosvheres were directly exposed to ite effects, cnaompharwa
so treatod remained visbls after 5, 10, 30 and 60 minutes*
exposure, as evidenced by the high\raﬁé of aetivation
obsorved.

More ove hatched and were activated after exposure
to 27 detergent ("Tide") than after exposure %o i%. The
highegt percentage notivalbion was obtnined when expasure
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time was 30 minutes to 6 hours., Ova exposed 24 hours to 27
"Tide" almo hatched normslly and a high percentage of
oneosrheres were activated, btut movements were poor and
larvae died quickly, sugpesting, perhaps, that extended
gxposures effected the oncosphores in aome adverse way.
Like bile, "Tide" is a surface actlve agent,

The resulis of experiments desting the effects of
noiat heat upon the viabllity of E. granulosus
enoouraging. Ove exposed to meist heat at 50°C Tor 5
ninutes were not all destroyed. Some 6.8 oould be activated.
Those exposed to 50°0C for 10 minuwbtes and 30 minutes 2lso
hatehod nowymally and although oncospheresn were normel in
appearance, no astivation was obsorved,

A1l ova axposed to TOPC for 5, 10 and 30 minutes,
and te 1009C for 1 and 5 minutes, apreavred swollen and

abnormal, The onoospheral membysnes were swollen and
geparated from the remainder of the oncosrhere. When shells
of such ova were romoved in HAS or in Na-hypoohlorite, the
oncospheral vemmants were qumwlaﬁaly dissolved.



CONCLUSIOKS

The ove of E. granulosug were successfully hatched
and activated in vitro at 379. Best results were obtained
when a solution containing NaHGOj (1.3%), panoreating (1%),
trypsin (0.4%), oholesterol (0.05%), and fresh sheep bile
(2 drops per 1 ml) was used.

It was found that NaHCO3 (1.3%; pH 10) or NHyOH
(pH 10) removed shells and pancreatin-trypsin combination,
aided by cholesterocl and bile, activated the free oncospheres.
Activated oncospheres remained motile for from 1«3 hours.
Percentage of activated oncospheres was taken as an index
for assessing viabilitya

Bils salts, such as Na-taurocholate, Na-glyebcholate
and Na-tauroglycocholate, inocreased the activating @ffeut}
of the enzymes pannraatin and trypsin, but not as effectively
as fresh sheep bile. Trypsin was a better activator than
pancreatin. Urea and NapErO4 did not enhance the aetion of
pancreatin. Aocid pepsin had no effect on the hatching or
activation of E. granulosug ova.

Ova recovered from different dogs and ova recovered
from different portione of the gut of the same dog, showed
different activation rates when incubated in the hatching-
activating solution (HAS) described above. Those recovered
from stools or from the rectum were activated at a higher
percentages than were ova recovered from proglottids cols.

lected higher up in the intestine.

- 58 =
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The effects of several coumon germicides and disine
fectants upon the viability of E. granulosug ove were
studied. Formalin and ILysoel are Imown to be lethal to
bagteria at 2, 5, and 107 comcentrations. Ova of E. granu.
logug remained viable at t%aaa‘wonaantxétiana of both
chenleals for up to 24 hours, ¥o viahla onsospheres ware ob-
sered in ova which were exposed to 207 formalin for 24 hours,
althougzh whole oncospheres wore prosent, Similarly no
viable oncospheres were obuserved in ova expomed to 20,
Iysol, for from & to 24 hours. ‘ﬁaru, however, there were
uo intact oncospheres left.

In ove expomed to 507 md 70/ ethyl aleohel for from
5 0 60 minutes viability was not effected, Some ovm
excosed 0 957 aleohol for 30 to 60 minutes were destroyed
whon transferred into HAS, However, smong those that
esoaped the demnging action of 95/ aloohol, the activation
rate was high.

Some ova survived "Roccal® at dilution of 1:112%50,
1:100 and 1350, for from 5 to 30 minutes. Ova remained
viable after 5, 10 and 30 minutes treatment in 1 snd 27
"7de", and 57 Ka-hypoechlorite; in faet higher vercentege
of oncospheres were aotivated alfter axéaaum« to theme
subatances.

Moist heat at 50°C for 5 minutes d1d not kill all

encospheresy 6.8/ were activated and viable. Noilgt heat at
509C for 10 minutes and 30 minutes did prevent activntion
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although some hatched. The viability of these oncospheres
was qQuestionable, Heat at 60°C and T0°C for 5, 10 and 30
minutes, and 100°C for 1 and %5 minutes prevented hatching.
When shells were removed no oncospheres were found to have

survived.
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Plate I

Fige 1. Adult Echinogoscus _mmlosum (Mag»

24x)



- B7 -

Plate II

Fig. 2. Oravid proglottid of Fig. 5. Dog. intestine covered
E. gramlosus. (Mag. 52x) with adult E. granulosus (Mag. 2x)

Fige 4. Ova of E. granulosus Fige 5. Ovum of E. granulosus
(Mag. 600x) - Note radially strY¥atéd sRell and
‘ central oncosphere (Mag. 1000x)



FPigs 8+ R. pren brood Fige 9+ g:w
oapwuls (Mg, saolices &t 2
pecdunglies to gersinal wenbrans.

(Mage 120x)



POV ;

Pige 10 Bo
5 min. ingiba
(pH 10): note mmm vitalline
covering. (Mag. 45Qx)

b

vithin intest vitelline covering
(Hag. 450x)

F:Lg. 1. E. gus ovum at
15 min. inguba ;

{pH 20)t note mmt vite
covering and rupture in the shell.

Figs J.a. Ka ovan at
50 min, indube aic03

(pH 10)s note éiamxmnd shell and
astive oncosphere within vitelline

scovering (mag. 500x).



Fig} 4. E,. osus ovum at
5 min. incubation In hatohing-
activating sol. (mg. 900x).

Fig. 18« E. gramlosus at 15
min. ineubdtion in hatching-
activating sol. (mg. 900x).
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Plate V

Fig. 15. . granulosus at
10 min. incubation In hatching-
activating sol. (Mg. 500x).

Fig. 17, E. gramulosus ovum at
50 min. incubation in hatchinge
activating sol: note liberated

oncosphere and shell somponents.
(mg. 3003!)0
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Plate VI

¥igs JBs Es

ovumn Fige 19. E. granulosus ovum
at 1 min. Tne on In at 2 min. Im%ﬁ!on in
"Clorox®t. (mge 450x)

"Clorex”. (mmge 450x).

Fige %0« E. gus ovum &t § min.
ingubation in "CIorox® (mg. 450x)



of B %htm process
of RotIvation. (mg. R80x).

Rt i 3
Fig. 28, Activated oncosphere of
E showing oncospheral
e e (age 450x).
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Plate VII

Fig. 22, Oncospheres of m:%-
sus in hatching and activi .
note inmotive oncosphere (Top) and
aotivated oncosphere showing hook
movement (bottom). (mge 450x).

¥ Wil

Fige 8. Aotivated-butedead

onocosphere of E. ; 3
note relazed %mi 5 %
hooklets. (mag. 500x).




Plate VIII

Flge. 85. E.m astivated Fig. 26. E. %m_g: ovun
ongosphere ShoWing v staining axposed to mo at at 1009 :

with methylens blue note oncospheral membrane and
ocontral structureless neas (mg.
, 1000x)
P ) ,
" ” i
o o

[ . .
g
.,
o s @ @
Flgs 27+ W Figs 28+ E. renuloguas ova
exposed Lo S0% 1760 orack exposed to 20%‘!?-‘«:’1?7»@“ opacity
in the middle, and swelling of and the swellén condition of

shalle, (mg. 200) shells. (mg. 100)
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Plate I

Fige 1. Adult Echinocoscus granulosus. (Mag. 24x)




Figs 2. Oravid proglottid of Fig. 5. Dog. intestine covered
Ee granulosus. (Mag. 82x) with adult E. granulosus (Mag. 2x)

Pige. 4» Ova of B. granulosus Pig. 5. Ovum of E. granulosus

(Mag. 600x) 2 Note radially striated shell and
central oncosphere (Mag. 1000x)



w BB -




w G0 -

(il 10): po s et  (pn w)zm ‘Antact viterils
covering. (Mag. 450x) ammmmmmwm
| , .
| |

(pH m;: note ﬁmymd am:a. and
astive oncosphere within vitelline
covering (mag. 500x).
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Plate V

?ig; 4. BE. granulosus ovum at Figs 18, g; ranulosus at
5 min. ineubation in hatching 10 min. indubation In hatohing-
activating sol. (mg. 900x). activating sol. (Mg, 900x).

g v
Ed

B,

Fig. 18« B« granulosus at 15 Fige 17» E« gramulosus ovum at
min. ineubation 1in hatehing= 80 min. incubation in hatehing.
activating sol. (mg. 900x). activating sol: note liberated

oncosphere and shell components.
(m%; 8003{)‘?
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Plate V1

Fige dBe Es granulosu Fige 18. E. granulosus ovum
st 1 win, TnotbaeIsa T at 2 min. Tncubetion I
“@lﬁi‘”ﬁﬁﬂv (mgs %m)

“Clorox', (mags 450x).

Fig. 80s

ranulosus ovum at 8 min. |
imubmim in WoIorox" (mg. 450x)
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Plate VII

sus in mmhimmd a X
Tote

inactive ammm (Top) and
activated oncosphers showing m
movement (bottom). (mg. Mm)u
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Plate VIII

note thmul mmm mﬁ
eentral structureless mass (mg.
1000 ) o
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shells, (mge 200) shells. (mg. 100)
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