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ABSTRACT

The strategy by which infective A. suum

larvae gain entry into their hosts! intestinal

tissue has been investigated. The infective
larvae develop in the egg between the temperatures
16° + 1°C and 34° + 1°C. Within this temperature
range, increase in temperature increased the rate
of development. The maximum rate of development
of the eggs was attained at 31° + 1°C. Eggs
embryonated at 28° + 1°C and above gave rise to
infective larvae which had a lesser ability to
hatch in wvitro, shorter longevity when aged in
phosphate buffered saline (pH 7.2) at 37°C, and

a limited ability to penetrate tissue membranes
in vitro, compared with those embryonated at
lower temperatures. Maximum larval viability was
achieved when eggs were embryonated at 22° + 1°c.
These results suggest that the optional temperature
for rate of development and larval viability or

survivability are not the same.

In mice, given large oral infections, eggs

hatched mainly in the small intestine. In vitro

studies showed that the infective larvae (13 ium in
diameter) actively emerged through a hole in the

egg shell wall 9.7 um in diameter. This hatching

mechanism is considered to econtract with the
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situation in some hookworm eggs where the infective
larva is liberated from the egg following splitting

of the egg shell under high internal pressure. The
egg shell retained its shape during and after
hatching. There was no major configurational
change in the structure of the egg shell. The
inner lipid layer of the shell was broken down
during hatching. The location of the hole on the
egg shell through which the infective larva emerged
varied and was not restricated to any one position.
How the hole is made was not obvious. The presence
of an opercular structure in the egg shell has been
suggested but clear evidence for this was not found.
Ultrastructural study indicated that the
infective larva possessed no specialised cuticular
structures that might either assist its emergence
from the egg shell or entry into the host tissue,
Soon after hatching, the infective larvae invaded
the host intestinal tissue mainly in the regions of
the posterior third of the small intestine, the
caecum and the colon. Penetration of the larvae
into the host tissue was principally via the crypts

of liberakun. Direct penetration via the villi

appeared to be non-existent.
Entry into and subsequent passage of the
infective larvae through the tissues was related to

the production of larval secretions which caused



changes in the acellular materials of the host

tissue. These made it easier for the larvae to
separate the cells and fibres as they migrated.

Passage of the infective larvae did not involve

any extensive digestion of the host tissue.:
Enzymatic studies of the larvae revealed a
correlation between the larval secretions and
the ability to cause these changes.

Incubation with azocoll revealed that the

larvae produced secretions which are capable of
releasing dye from azocoll. These secretions
were neither gelatinolytic nor higtolytic.

The time course of penetration and subsequent
migration to the liver and lungs of mice was
followed and a possible mechanism for migration
postulated.

The results are discussed in relation to
the epidermiology of'ascariasis and the known

biology of the parasite.
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GENERAL INTRODUCTION
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Penetration studies date as far back as the
beginning of this century following pioneer works
by investigators like Van Durme (1902), Looss
(1911), Yokogawa (1922) and Goodey (1922, 1925).
However, much of the early studies were preoccupied
with determining the main conditions which influence
penetration and little attempt was made to elucidate
the actual mechanisms involved in the penetration

process.

Lewert and Lee (1954) appear to have been
the first to consider how parasites penetrate their

host tissue. Since their studies on tissue
penetration by the infective larvae of various
helminths, interest in the mechanisms by which
parasites invade has grown steadily over the years.
In fact the British Society for Parasitology has
recently devoted a complete symposium to the subject
of parasite invasion (Taylor and Muller, 1977).
Much of the work that has been done on helminths so
far has been reviewed by Stirewalt (1963, 1966)

and Matthews (1977). The majority of the work has

concentrxated on a few species; Schistosomes (Gordon

and Griffiths, 1951; Griffiths, 1953; Standen, 1953;
Lewert and Lee, 1954; Stirewalt and Hackney, 1956;

Stirewalt, 1959; Stirewalt and Kruidenier, 1961;
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Stirewalt and FregeaW, 1966; Stirewalt ard Uy,
1969; Stirewalt, 1973; Stirewalt and Darsey,
1974); Fasciola (Dawes, 1959, 1960a and b;

Wilson, Rullin and Denison, 1971); Ancylostgoma

(Lewert and Lee, 1954; 1956; Matthews, 1972;
1975); Stronavloides (Lewert and Lee, 1954;
Barrett, 1969; Lee, 1972). Many o these species

invade their host tissue via the skin. With the

exception of the work by Lewert and Lee (1954),
which included studies on T. spiralis, invasion
studies involving nematode parasites which gain

entry into their host via thecaral route are

meagre, even though a great number of these
species have a tissue phase in their life-cycle
during which they actively penetrate and
extensively migrate through their host tissue.

Recent studies on invasion have revealed great
diversity in the mode of penetration and subsequent
passage of parasites through host tissues.
Specialised mechanisms for effecting entrance into
the body ar tissues have been demonstrated in some
species (Lewert and Lee, 1954; Silverman and Maneely,
19553 Erasmus, 1959; Sawada, 1961l; Schell, 1961,
1962; Probert, 1965; Banerjee and Singh, 1969;

Barker, 1970; Matthews, 1972, 1975; Doncaster and



Seymour, 1973).

Using a combination of in vitro and in vivo

techniques which allowed them to follow the
movements of the cercayiae prior to their

disappearance below the Stratum Corneum, Gordon

and Griffiths (1951) first described the entry

of Schistosoda mansoni into mammalian skin.

However, a more comprehensive account of the
route and the mechanisms involved was later

provided by Stirewalt (1966). Cercariae are
attracted to host skin mainly by temperature

difference between the environment and the tissue
(Stirewalt and Uy, 1969; Stirewait, 1971). The
invading cercariae feel-out the skin surface for
varying lengths of time before attacking specific
entry sites. "By such exploration, the potential
invaders make contact with the deeply sculptured
skin surface characterised by irregqularities
associated with hairs, bulbous outer ends of
pilosebaceous follicles, loosened scafes, wrinkles,
sulci, furrows, ridges and folds" (Stirewalt, 1966).
The entry site may be at almost any point on the
skin but usually wrinkles, furrows, desquamations

of the keratinized cells as well as excavations
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as a result of previous entry, are used (Stirewalt,
1959). During theexploration, the cercariae move
across the skin surface by alternately attaching
the oral and the ventral suckers. At each oral
sucker attachment, they deposit minute droplets

of secretions from the post-acetabular glands.

These secretions are thought to be a carbohydrate-

protein-lipid complex (Stirewalt and Evans, 1960)
and have been considered by Stirewalt and Walters
(1973) to be mucin. Once secreted, this mucus
deposit swells in water becoming sticky and serves
as adhesive attachment points for both the oral and
the ventral suckers, the ventral being attached in
1t immediately after the oral is withdrawn from it
and attached again at a new spot (Stirewalt, 1959b).
When a suitable entry site has been located,
the cercarxiae orientate perpendicularly to the skin
surface and exhibit vigorous muscular activity,
lashing the tail and alternately contracting and
elongating the body (Stirewalt, 1956), These body
movements provide a means of enlarging the entry
opening (Gordon and Griffiths, 1951) and have also
been eonsidered as a means of squeezing out secretions

from the acetabular glands (Stirewalt, 1966),

Simultaneously with this elongation and contraction of

the body, the muscular oral sucker is alternately
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everted and withdrawn thus hammering it into the

crevice. It is assumed that in this way the

Cuticular lips of the acetabular glands are

brought into contact with the skin enabling the
secretions to be deposited at the entry site.

Although it has been considered that by this
process the cercariae gradually penetrate the
horney layer of the skin, this has been questioned
(Dersey and Stirewalt, 1971; Rifican, 1971).

Stirewalt and DQrsey (1974) described passage
between the keratinized cells rather than through
them and suggested that the swelling of the post-
acetabular gland mucus may be responsible for
separating the strata seguames and breaking the
close connection between the stratum corneum and
the underlying tissue. When tﬁe body has just
entered the stratum corneum and is relatively
fixed by both the acetabular mucus and the
enveloping skin tissue, the cercariae normally

shed their tail. This is accomplished by mechanical

rupture at the narrow body-tail junction as a
result of the vigorous lashing movements that
accompany entry (Gordon and Griffiths, 1951). The

cercariae then orientate parallel to the skin

surface and migrate along the line of the epidermis.

During this migration, the secretions from the



pre-acetabular glands are continually released
until they are depleted (Stirewalt and

Kruidenier, 1961). The cercariae usually rest
in the epidermis for varying lengths of time
during which time it 1is assumed that the
enzymatic secretions attack the intercellular
matrix of the epidermis (Gordon and Griffiths,
1951). Passage through the epidermis by the
cercariae is usually roughly parallel to the skin
surface. The epidermal basement membrane presents
a formendable obstacle to cercarial passage
(Lewert, 1958) and it is assumed that cercariae
normally avoid confronting it by migrating along
the epidermis until it leads into a hair follicle
or associated sebaceous gland. By following the
follicles, cercariae are ied directly into the
dermis through which they migrate relatively
rapidly to enter the veins and the lymphatic
vessels.

"Although postulated there was little evidence
of involvement of larval secretion in the penetration
of the tissue by the cercariae until Lewert and Lee
(1954) using histochemical techniques showed factors
which affected the glycoprotein of the epidermal

basement membrane and extracellular gland substance
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of the dermis"(Matthews, 1977). Since then, however,
a number of workers using various experimental
techniques have confirmed their results. Bruce,
Pezzlo, McCartney, Yajima (1970), using ultra-
structural methods, reported celiular changes

in the vicinity of the migrating cercariae

indicative of enzymatic activity.

1 Lee (1972) studying the behaviour of the third-

stage larvae of Nippostrongylus brasiliensis

during penetration of mouse, rat and human skin at
the electron microscope level described separation

of host cells and dissolution of collagen during
larval invasion which he suggested could be explained
in terms of changes in pHa ionic composition of the
bathing medium as an alternative to the possibility

of direct larval enzyme activity.

Matthews (1975) advanced a mechanical rather

than chemical concept of invasion of cat skin by

Ancylostoma tubaeforme. He found no evidence for

enzymatic secretion emanating from the worms under

conditions that gave positive results for Necator

americanus and Strongyloides fullebani species which

have been considered to enlist larval enzymes in
invasion of their host tissues. Exsheathment of

the infective larvae of A. tubaeforme is not



essential prior to penetration of their host

skin and entry can be at any point on the
surface of the skin although hair follicles

and desquamation of the Stratum Corneum are
usually used (Matthews, 1972). The infective
larvae show true thermopositive behaviour
(Croll, 1973) and this is considered to be the
most important factor in initiating penetration
into the host tissue. As in the case of S

mansonl cercariae, initial contact is normally

made with the larvae roughly perpendicular to

the skin surface. The time spent in searching

for an entry site may vary from 5 mins. to 4 hours.
However, when a suitable site has been located,

the larvae orientate parallel to the skin surface,
following the line of least resistance into the
skin. The stratum granulosum and the living
layer of the epidermis present major barriers to
penetration. However, once the epidermis has been
passed, migration through the dermis is relatively
rapid. Using a cinematographic technique, Matthews

(1975) showed that passage through the dermis is

accomplished by undulation activity, with the

larvae travelling at an average speed of about

2O/um/sec'1. It 1s not possible to detect the path



-]10=

of the larvae after they have passed. These
observations coupled with the fact that larvae
retained their sheath after penetration and lack
of any direct evidence of enzymatic secretions
€M4apating from the larvae formed the basis on
which Matthews (1975) postulated a mechanical
invasion mechanism for the infective larvae - a

fact which has since received support by the work

of Smith (1976) on the ultrastructure of the

infective larvae.

The case of F.hepatica is uncertain. The
migrating juveniles of F, hepatica have been
considered to actively browse their way into theirx

host tissue. Following a series of classical
histological studies in mice,. Dawes (1963) showed

that penetration and subsequent migration through

the gut wall by the fluke leaves a trail of

damaged tissue and pyknotic nuclei in their wake.
Recognisable fragments of the‘damaged.host tissue

are often seen in the fluke caecae during
penetration (Dawes, 1962). However, the existence
of enzymes 1in the juveniles of F, hepatica which
may assist their passage through host tissues

have been reported by Howell (1966).

Similar uncertainty surrounds entry of

infective larvae of A. suum into their host
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tissue. Although several studies have been
conducted on the life-cycle of the parasite
(Stewart, 1917-1921; Ransom and Foster, 1920;

Ransom and Cram, 1921; Fulleborn, 1927,

Roberts, 1934; Sprent, 1952, 1954; Jenkins,
1968), mechanisms by which the infective larvae
gain entry into the host tissue remaln enigmatic.
Jenkins (1968) following his studies on early

migration of A. suum in white mice, reported

excavations in the host intestinal tissue which
he suggested could be attributed to the action
of larval enzymes. However, Chandler, Alicata
and Chitwood (1974) in their recent description
of the early life-cycle of the parasite presented
a picture of a mechanical entry mechanism, with the
infective larvae actively burrowing into their
host tissue with the aid of a 'boring tootht,
Neither of these proposed entry mechanisms have
so far been backed by any precise experimental
evidence.

The present study is an attempt to elucidate

the strategy by which the infective larvae of

A. suum gain entry into their host tissue.
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Ascaris suum, the common pig ascarid, occurs

in the small intestine of pigs. Immature and
even mature worms have occasionally been found
in the intestine of sheep (Fallis, 1938; Todd,
Pope and Mendlowski, 1954; Matoff and Wassileff,

1959; McDonald and Chevis, 1965). The species

has also been reported from muskrat, Ondatra

zibethica (Tiner and Chin, 1948; Gilford, 1954)

and from dog (Berger, Wood and Willey, 196l1).
Although the parasite was previously considered

as belonging to the same species as Ascaris

lumbricoides - the human Ascarid (Tashiro, 1927;

Matov, Vasilev, 1958; Barry and O'Rourke, 1967),
recent studies have shown that the two species

are indeed different and can be separated at the
adult stage based on the characters of the head
(Sprent, 1952; Abdulrachman and Lie, 1954; Lysek,
1963; Anser and Thibant, 1973; Matthews and Croll,

1974).

A. suum is common in pigs throughout the world

and among other places has been reported in India
(Sinha, 1968a); Canada (Martin, Gibbs and Pullin,
1974); Denmark (Jacobs, 1967); Greece (Himonas

and Trintaphyllou, 1972), Papua, New Guinea (Talbot,
1972) and The Philippines (Tongson, Castillo,

Arambulo and Sarmiento, 1971). Horak (1978) found



-14-

it in 30.8% of pigs slaughtered in the Pretoria
Municipal abattoir in South Africa. Goldsby and
Todd (1957a) found it in 65% of 10l pigs they
examined in Wisconsin, U.S.A. In recent reports
from Britain, Jenkins and Erasmus (1963) reported
it in 41% of 27 slaughter pigs in South Wales.
Gitter, Kidd and Davies (1965) found its eggs in
1% of 367 faecal samples from sows on 45 farms

in England. Jacobs (1965) in a preliminary study
of 75 pigs in abattoirs in South-West Scotland
observed that 28% of the porkers (mean carcass
weight, 90 1b.); 24% of the baconers (mean carcass

weight, 160 1lb.) and 4% of adults harboured A,suum.

The present study necessitated regular visits to the
local abattoir at Portdinorwic, North Wales to obtain
fresh Ascaris. A one-year (1977/78) prevalence study
of the infection amongst slaughter pigs (14-18 weeks
of age) in this area of Wales was thus undertaken.,

The pigs were reported to have come from

various farms in North Wales as shown in the map
(Figure 1). Details of individual farms were not
available. Between 80-160 pigs are slaughtered at

the abattoir weekly and the study was conducted on

a fortnightly basis. On each occasion, 30 slaughtered

pigs were randomly selected and their guts opened up

and searched thoroughly for Ascaris.

A total of 750 pigs were examined in this way.
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FIGURE 1

Map of Wales showing the sources of pigs

examined for Ascaris infection.
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The mean prevalence of the infection (mean

percentage of pigs infected) was 32.92+ 0.97.

The prevalence of the infection did not vary
significantly (P2 0.05) from one month to

another (Figure 2)ar between seasons of the year,
The worm-burden (number of worms recovered from
each infected pig) varied enormously from 1 to
90 worms throughout the survey period. However,
on two occasions, an infected pig with over

200 worms was encountered. Plate 1 shows such a

haul. Again this variation in worm-burden did

not reflect any seasonal pattern (Figure 3). The
sex ratio.. of the male to female worms recovered
from the infected pigs were fairly constant
averaging about 1 male to 3 females throughout the

survey.

A. suum is important helminth parasite of

pig and is most commonly found in pigs raised

under less sanitary conditions. The life-cycle

is direct. The female worms lay eggs in the host
intestine and these pass out with the faeces., The
egg productién of a mature female is tremendous.,
Olsen, Kelly and Sen (1958) estimated that each
female in a naturally infected pig produced nearly

2 million eggs per day. Seamster.(1950), following



FIGURE 2

Percentage of 30 fourteen-ecighteen week old

pPigs carrying natural A, suum infections,
The pigs came from various areas in North

Wales.

% This figure and other subsequent figures are also reported in tabular form

in the appendix.
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PLATE 1

Adult A. suum collected from the small

intestine of a single naturally infected
pig in North Wales. The pig was between

fourteen-eighteen weeks old.
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FIGURE 3

Mean number of adult A, suum recovered from

slaughter pigs over a one-year survey
period. The pigs were naturally infected
and came from various farms in Norxth Wales.,
The ages vary between fourteen-eighteen
weeks. The points represent the mean and

the vertical lines the standard errors.
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in vitro incubation of 16 adult female worms

reported that each worm produced between 19,400
to 475,000 eggs per day. Eggs removed from the
uterus are colourless whereas those found in
faeces are golden~brown to yellowish. The eggs
passed in the faeces may be fertilised or
unfertilised. Fertilised eggs measure 70-80 yum
by 50-60 mm and are slightly ovoid, thick-shelled
with a mammillated oﬁter layer. Unfertilised

eggs are usually longer (108-124 mm by 58-75 num)

with a thin shell and irregular shape. The
fertilised eggs are extremely resistant.to drying,
freezing, other adverse weather conditions and
chemicals (Yoshida, 1919, 1920a,b; Yoshida and
Hotta, 1919; Kobayashi, 1922; Asada, 1923;

Oba, 1923; Ogata, 1924a, 1925a; Aoki, 1936;
Fushimi, 1950; Fukui, Kitamura, Ogawa, 1952
Tobizawa, 1954; Yamazaki, Tomita and Yamashita,
1954a,b; Mitobe, 1954a; Antonova, 1959).
Bizyulyavishyus (1955) found that they would
survive for up to 3 months at -20°C and -30°C.
They may live for €ge@veral years under favourable
conditions. The embryonated eggs are generally
more resistant than unembryonated ones. Spindler
(1940) found that undeveloped eggs were less

resistant to sunlight than embryonated ones.
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Munnich (1965) kept the embryonated eggs in 1%
formalin for 4 years at room temperature.

However, during this period, he observed that
+he number surviving and containing active
larvae was greatly reduced.

Although as few as 2 and as many as S5 layers
have been suggested (Leuckart, 1886; Biedermann,
1912; Schmidt, 1936; Woltge, 1937; Chitwood,
1938; Christensen, 1940; Rogers, 1956), the

egg-shell is generally considered to be composed
of four layers - an inner lipid layer often
referred to as Ascaroside layer, a thick chiu'aous
layer, a thin ute*v.ine layer and an outer protein
coat - the uterine layer (Bird, 1971). The
remarkable resistance of the egg to chemicals 1is
attributed to the lipid inner layer of the egg-
shell. This lipid layer is considered to be
semi-permeable (Fairbairn, 1957); allowing easy
diffusion of gases and organic chemicals. However,
recent evidence suggests that it is also permeable
to water ( Clarke and .Perry, et alia ).
The eggs are unsegmented when they are laid.

Their rate of development depends on temperature.
Seamster (1950) found thatthe eggs developed to

the motile embryo stage in 27 days at 18.9°C and
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in 13 days at 34.5°C. The infective larval stage
is generally believed to be the 2nd stage larva
enclosed within the cast skin of the first stage
larva (Alicata, 1936). However, a number of
workers including Araujo (1572) have reported

two moults inside the egg.

Hosts become infected by ingesting eggs
enclosing the infective larvaé. The eggs hatch
in the intestine. The physiological process of
hatching has been investigated by a number of
workers (McRae, 1935; Fenwick, 193§} Pitts, 1948;
Of'Connor, 1951; Rogers, 1958; Fairbairn, 1961;

Hass and Todd, 1962; Jaskoski, 1964)., In vitro

they require 4 stimuli to hatch (1) a temperature

of about 37°C, (2) a Carbon-dioxide level of

about 5 volumes per litre, (3) a pH of near
neutrality, and (4) non-specific reducing conditions
such as those produced by cysteine, sodium metab)-
gﬁlphite and Sulphur dioxide (Fairbairn, 1961),

In vivo, the conditions are less well understood
although it has also been suggested that leucine
aminopeptidase, which is present in the adult

worm (Lee, 1962a), may also play a role in hatching

(Arean and Crandall, 1962).



The hatched larvae penetrate the intestinal

wall and migrate in the tissues. Ascaris was

first shown to undergo a preliminary migration

through the body of the host by Stewert (1914),
contrary to earlier belief that the larva had a
direct development in the intestine. Shortly

afterwards, Ransom and Foster (1917), as well

as Chandler (1918), called attention to the
probability that the migration through the host

body was part of the parasite's normal development.

Experimental pfoof of this hypothesis was later
supplied by Ransom and Foster (1920). Since then
many others including Sprent (1954) have shown
that adult stages of the pérasite are unable to
develop unless the larvae have completed a defined
migration within the host. This migration is of
the ~{Ya.cheal type; the larvae re-entering the
small intestine after migrating through the liver,
lungs and “tYDchea.

Although the gross life-cycle of the parasite

may no longer be in doubt, various detailed aspects

of the tissue migration phase have remained
controversial. Both the body cavity (Yashidia,
1919; Burus, 1963) and the cyxrculatory system

(Ransom and Cram, 1921; Jenkins, 1968) have been
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considered as the main route of early larval

migration to the liver. Similarly, although
it is generally considered that the infective
larvae moult to the 3xrd stage it the liver,

and to the 4th stage in the lungs before

returning to the intestine via the “tyachea

(Sprent, 1952; 1954), some workers have

considered the 3rd and the 4th moults to occur
in the lungs (Roberts, 1934).

A large‘number of 4th stége larvae have been
reported in the smalllintestine of pigs 1l4-21
days after infection (Roberts, 1934). The moult
to the adult stage occurs about 9 months after
infection (Roberts, 1934; SQ!&wartzu, 1959).

The prepatent period is about 49-60 days and very
few adults live for more than one year. Olsen,
Kelley and Sen (1958) found that most of the
adult worms in a naturally infected youné Pig.
were expelled before the 23rd week of infection.
The larvae may migrate in the tissues and
organs of many animals, including man, but they
do not normally become mature in man although a
few isolated cases have been reported (Koino,
1922a,b,c, 1923; Payne, Ackert and Harkman, 1925;

Takada, 1950, 1951; Tanigawa, Jitsukawa and



i Al ] FFALL TR LT T T T T T T T o T

~25-.

Kikuchi, 1958; Jaskoski, ‘1961l). Much research

has been done on larval migration in '"foreign"

hosts including guinea pig, mouse, rat and
rabbit (Roberts, 1934; Graham, 1937; Kozer,
1948a; Fallis, 1948; Nichols, 1956a; Kelley,
Olsen and Hoerlein, 1957; Olsen and Kelley,
1960; Bhowmick, 1964; Lamina, 1964; Jenkins,

1968). Hoeppli, Feng and Li (1949) studied

larval migration in mice. Olsen and Kelley

(1960) reported good migration to the lungs in
rats and mice, as did Nayak and Kelley (1968)
in mice.

The larvae in pigs are generally larger
than in laboratory animals (Kelley, Olsen and
Hoerlein, 1957), but their route of migration
is the same. The speed varies, however, being
faster in mice than in rats, rabbit or pig
(Olsen and Kelley, 1960; Dourves, Tromba and
Malakahis, 1969). 1In the "foreign" hosts, the
4th stage larvae are unable to develop in the
intestine and are expelled in the faeces. The
same 1s true of a varying percentage of the 4th
stage larvae in pigs (Schwartz, 1959),

- A. suum infection is a major cause of

econonic loss in the pig industry. Spindler
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(1947, 1951) estimated that loss due to
condemnation of edible portions of pig caicasses
amounted to about 50 cents per 100 pounds body-
weight in U.S.A. in 1947, Bindseil (1967)
reported that the total annual loss in Denmark was
about £300,000., Any part of a liver showing
parasitic damage is considered unfit for human
consumption and depending upon the degree of
damage, affected organs are either partially

or totally condemned., This inevitably results in
economic losses, but unfortunately a precise
figure for such losses in the U.K. is not readily
available. During the course of the prevalence

study of Ascaris infection in pigs in North Wales

repo;ted earlier, records were obtained of the
number of pig livers condemned. The condemnation
was attributed mainly to Ascaris infection, Out
of a total number of 882 pigs slaughtered at the
abattoir between January 3, 1978 and February 28,
1978, a total of 81938.38g of liver was condemned
- more than 7.48% of the total weight of liver
obtainfor the two-month period (Table 1). Though
Pig liver is relatively low priced compared to
other portions of the carcass, at the slaughter

house price of 34p, per lb. of pig liver, this
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represented an economic loss to the slaughter

house of about £61.42 over the 2 month period.
There is little doubt that when projected on a

national scale that this level of loss will

run into millions of pounds. However, the

true loss to the country is much more difficult
to assess accurately. Infected pigs often have
a low feed conversion rate - producing less pork

per kg of feed consumed. This inevitably leads

to higher costs of production.

Both the infective larvae and the adult
worms have vafying effects on the host; the
effect of each depending upon its location and
activities. The adults do not suck blood or
graze on the intestinal mucosa as was previously
considered (Gavin, 1913). Davly (1964) found
that a large part of their ingesta consisted of
host intestinal epithelial cells which have been
sloughed into the lumen during the normal
replacement cycle. They do, however, compete
with the host for the feed it has digested.
Large numbers cause emaciation, and slow growth
and may occlude the intestine and thus interfere

with the normal passage of material down the gut.

In addition, some worms may enter the bile ducts,
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occluding them.,

For their part, the migrating larvae damage
the liver while migrating through it, causing
small haemorrhagic foci which are then replaced
by connective tissue becoming the white spots
(milk spots) and filaments of fibrosis that are
characteristic of the infection (Oldham and
Ostertag, 1922; Oldham and White, 1944; Jorgensen,
1973)., In the lungs the larvae caused verminous
pneumonia which may result in the death of the

animal if a large number of larvae 1s present

(Green and Oldham, 1964). Stray larvae have also

been located in other tissues and organs of the
host including the brain (Sprent, 1955, 1955a).
In addition to causing disease by themselves, the
infective larvae may carry or exacerbate virus
diseases (Underdahl and Kelley, 1957; Underdahl,
1958; Shope, 1958; Nayak and Kelley, 1968).

Over the years, a number of anthelminthics
have been developed which are active in eradicating
the adult worms resident in the hostts small
intestine. By invading the host tissue; the
infective larvae are able to evade the action of
such gathelminthics, It is therefore of. some
considerable importance to try to understand the

mechanism by which the infective larvae invade

and penetrate the host tissue., It is hoped that
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such knowledge may be of some help in the
possible development of measures to counter
or inhibit larval entry into the host tissue
and thus prevent the establishment of the

infection., Adult A. suum cannot develop

unless the infective larvae have completed

the tissue migratory phase of the life cycle

(Sprent, 1954),
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TABLE 1

Estimate of economic loss due to liver
condemnation as-a result of A, suum
infection of pigs. The pigs were
fourteen to eighteen weeks old_and
naturally infected they came from

various farms in North Wales.



Date of Number of Average wt. Number of Total wt, Total wt.

Slaughter Pigs of pig whole of liver of liver
Slaughtered liver liverx trimmings condemned

condemned

3/1/78 77 1204.14g. 2 7183.20g. 9591.48

10/1/78 82 1250.46g. 3 9928,60g. 13679.98

17/1/78 81 1284.024g. ~ 9699.40qg. 10983.42

21/1/78 140 1205.409g. 1 8210.00g. 9415.40

31/1/78 171 1243.22g. 2 4774.509. 7260.94

7/2/78 84 1287.749g. 4 2683.30g. 7834.26

14/2/78 79 1240,829g. 5 1910.40g. 8114.50

21/2/78 61 1267 .03g. 4 3161.20g. 7984 .32

28/2/78 107 1242 .57g. 4 2098.50g. 7069.08

Total weight of liver obtained over the two month period (January 3rd - February 28, 1978) = 1094209.20¢

= 81938.389g.

Total weight of liver condemned over the same period (January 3rd - February 28, 1978)

% of liver condemned over the given period = 7.49% -

Slaughter house price of pig liver = w»v\wd. (1b. = 453.592g.)

Economic loss due to condemned liver over the two month period 6141.873p. = £61.42p.
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PART ONE

DEVELOPMENT AND HATCHING OF

A, SUUM EGGS
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GENERAL MATERIALS AND METHODS

Collection and Incubation of the Eggs

Adult female Ascaris suum were obtained from

the intestines of pigs slaughtered at a local

abattoir at Portdinorwic. These worms were
dissected and the pro-imal third of their
bifurcate uteri removed and the eggs extracted
and prepared for embryonation as outlined by
Fairbairn (1970). The eggs were washed three
times in O.5m NaOH by gentle stirring using a
magnetic stirrer. This treatment was necessary
to remove the outer protein coat (the uterine
layer) which otherwise makes the eggs very sticky
and less easy to handle experimentally. After
this initial washing, the eggs were rewashed with
distilled water and placed in a O.,lm solution of
HéSO4_allowing 10 ml of the acid for each gram of
uteri. 5 ml of the eggsuspegsionwere then

pipetted in a 5C ml conical flask stoppered loosely

with cotton wool and incubated at the required

temperatures.

The incubation medium was changed every 5 days

to keep fungal growth in check.

Method of assessment of rate of development of the

Incubated Eggs

The rate of development of the incubated eggs

was checked every two days and the percentage
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development estimated. 200 eggs were pipetted

onto a clean microscope slide and the number of

eggs which had developed to pre-determined stages

of development counted OS1ixX stages were recognised

- l-celled stage (no development); 2-celled - stage;
4-celled stage; 8-celled stage; morula stage; the
first larval stage; as well as ""degenerates'.

These stages of embryonation were chosen because

of their relative ease of observation (Figure 4),
Index values of O; 1l; 2; 3; 4; 5; and O respectively
were assigned to each of these developmental stages.
The rate of embryonation was expressed as a total

index of development (S) which is given by the

formula
S = Z.(X.Y)

where X = % of a given developmental stage in the

egg sample

Y = the index value of the given developmental

stage.
.0,
When the % of the various development stages
in a given egg sample are
a%; b%; c%; d%; e%; £%; g%
Total index value of development (S) is given by

S = a.0+b.1+c.2+d.3+e.4+£f,5+g,0
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In vitro hatching of the Embryvonated Eggs
The fully embryonated eggs were hatched

in vitro using a slight modification of Fairbairnl's

(1961) method. Samples of the embryonated eggs
were neutralized with 10 ml of O.5m phosphate
buffer (pH 7.0) in a centrifuge tube; washed three
times with distilled water and incubated in a
McCartney bottle containing 5 ml of 0.25m sodium
chloride pregassed with N,-CO, (95%/5%) for 10
minutes in an ice-bath. 16 mg of solid sodium
metabisulphite were added to the suspensioh*which
wasagitated for a few seconds before 5 mls of O.lm
sodium bicarbonate solution also pregassed with

N2-C02 for 10 minutes in an ice-bath were added.

The final mixture was then treated with the same
gas mixture for 10 minutes in an ice-bath before
incubation in a shaking water bath at 37°C.
Observation of the in vitro Hatching Process

At periodic intervals during hatching of the

embryonated eggs, samples were removed and the
hatching process terminated by freezing in an
ice-bath. Thevmechanics of larval emergence with
particular reference to the structure of the
egg-shell, were studied directly under the light

microscope.

Later, empty egg shells together with the
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embryonated eggs were prepared for electron

microscopy. The specimens were fixed in 3%
"glutaraldehyde in O.lm cacodylate buffer for
4 hours, followed by 1 hour in cacodylate
buffered 1% osmium tehoxide (pH 7.2). The
specimens were then dehydrated through an
ascending series of ethyl alcohol, transferred
to acetone and finally placed in miniature
stainless wire baskets and transferred to a .
critical point-drier. The critical point
drying was accomplished with 1iquid.C02. The
dried specimens were then mounted on standard
specimen stubs, coated with a layer gold-
palladium (150-200°A) and examined using an
SEM 151 M-7 microscope operating at 30 kv.

For transmission electron microscopy, the

specimens were fixed in 3% glutaraldehyde in O.lm

sodium cacodylate buffer (pH 7.2) at 4°c overnight.

After washing three times in the same buffer at

4°C, the specimens were post-fixed in 1% osmium

tetroxide for 4 hours at 4°C and then quickly
dehydrated in an ascending series & ethyl alcohol
and embedded in araldite after the procedure of
Luft (1961). 7OOR thick sections wer e cut with
a glass knife on an LKB ultratome III ultramicro-

tome. Sections were picked up in copper grids coated
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with celloidin (2% nitro cellulose) stained with
lead citrate for 15 minutes (Reynold's, 1963),
washed and counter stained either with 2% aquous
Uranyl acetate or pottassium permangenate (Lawn,
1960) and examined on an AEI EM6 electron
microscope operating at 80 kv.

Isolation of Hatched Infective Larvae

Hatched larvae were isolated from unhatched
eggs, empty egg-shells and debris using a variation
of the Baermann technique. A Baermann funnel was
set up with a tap on the lower end. The funnel
was filled with warm isotonic saline at 37°C. A
nylon sieve (pore diameter 75 mm), was placed at
the top of the funnel with the bottom of the sieve
just touching the surface of the liquid; care being
taken to remove all air that might have been trapped.
The hatching medium containing the hatched larvae
as well as the unhatched eggs and debris was then
poured onto a piece of filter paper (Whatman No.1l)
so that the fluid soaked through but the larvae and

other materials remained trapped. The filter paper

was then inverted over the sieve. Larvae migrated

to and concentrated at the bottom of the funnel

from where they were run off in small volumes of

Sal ine e




37 -

FIGURE 4

Stages of development of A. Suum ova used

for assessment of the rate of development.
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Estimation of Larval Longevity

Isolated larvae were washed three times by
centrifuging in distilled water and twilce in two
changes of 1.5% saline in 0.05m phosphate buffer
(pH 7.2). After the final washing, the larvae

were then resuspended in 10 ml of the fresh

buffered saline in McCay¥Eney bottles and incubated
at 37°C in a shaking water bath for up to 180
hours. The percentage of larvae alive after

given time inter<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>