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ABSTRACT

Immunodiagnosis of nematode infections in man and animals is often
inaccurate and unreliable. A rationale is presented for a novel serologic
approach which uses in vitro cultivation of the relevant parasitic stages
to isolate in vitro released secretory antigens for use in
immunoenzymatic assays. The rationale was tested in the toxocariasis
model in man and experimental animals and found to be valid.

An in vitro cultivation system is described for the maintenance, in
synthetic medium, of actively metabolizing Toxocara canis infective
larvae producing 200 pg of antigen per larva per day. Toxocaral
secretory antigen was shown to be a simple mixture of at least three
genus specific, protein antigens with a major component molecular weight
of 42 k daltons and 1soelectric point of pl = 9.5.

An enzyme-1inked immunosorbent assay designed to quantitate
anti-toxocaral responses was validated in assays of over 1000 sera from
human subjects and experimental animals. Results indicated an advance
from existing methodologies. The assay was further evaluated in practice
for the serodiagnosis of visceral and ocular toxocariasis. In man, these
forms exhibited distinct serological patterns. A realistic model of
experimental ocular toxocariasis was developed in the rhesus monkey
(Macaca mulatta), and results indicated that intraocular toxocaral larvae
are capable of inducing retinal pathology in animals sensitized by a
previous toxocaral infection, but not in animals which are Toxocara naive.

Seroepidemiologic studies demonstrated that Iceland and Sudan are
non-endemic, England is endemic and Czechoslovakia and Ghana are

hyperendemic for toxocariasis. Within these areas subpopulations were

identified with higher prevalence of infection. Seroepidemiology in



naturally infected dogs revealed that tolerance to toxocaral secretions
may occur in pups less than six months of age.

The studies indicate that in vitro derived, nematode secretory
antigens, used in enzyme-linked immunosorbent assays can provide

highly sensitive, genus specific, and reliable immunodiagnostic and

seroepidemiologic data on a basis that is both economical and practical.

It is proposed that this approach might be applied to the diagnosis of

other tissue~-invasive nematode infections.
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GENERAL INTRODUCTION

The serology of helminthic disease in man is perhaps the least
reliable discipline in laboratory medicine today. This is particularly
so for nematode infections, in which immunodiagnostic procedures are

often inadequate because poorly defined and non-specific antigens are

used indiscriminately in serological techniques of inappropriate design.

The 1inadequacy of helminth immunodiagnosis has been a persistent
and major problem. Clinicians, throughout their careers, regularly
encounter patients who suffer a medley of signs and symptoms matching
no known syndrome or disease. In helminthology especially, the protean
nature of clinical presentation sets diagnostic pitfalls, while clinical
signs may mimic a wide variety of infectious processes. In situations
conducive to helminth transmission, multiple parasitic (and non-parasitic)
infections often prevail. For added complication, the distinction
between ‘infection' and disease' is a concept easily misinterpreted
when considered within the phenomenon of parasitism. Thus laboratory
methods , both parasitological and serological, hold pre-eminent roles
in the diagnosis of helminthic disease.

In theory, indirect serological diagnosis poses a more attractive
technical alternative than direct parasitological diagnosis, however
this promise has not been fully realized in practice, partly due to
historical - but still justified - lack of confidence in helminthic
serology. Nevertheless, there are circumstances in which serology
affords the only practical means for establishing diagnosis. These
include: early diagnosis during long prepatent periods
(eg. onchocercfasis); low intensity or single-sex nematode infections
in which ova or larvae may not be liberated in clinical samples

(eg. anisakiasis); infections with nematodes which multiply within the
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host (eg. trichiniasis); {infections of low intensity which may become

11ife-threatening during immunosuppressive therapy (eg. strongyloidiasis);

infections in which man is a paratenic host to tissue-invasive larval
stages (eg. toxocariasis).

Additional to these special cases, need is growing for improved
serological tools, both in the developed and developing worlds, for use
as diagnostic aids for all helminthic infections. In temperate regions
there is concern with increased importation of disease resulting from
the frequency and ease of commercial and recreational travel to the
tropics. Contemporary political phenomena which displace large
refugee populations from tropical to temperate regions have highlighted
current deficiencies. Within the tropics, the requirement for high levels
of specificity in immunodiagnosis is compounded by multi-parasitism of
individual hosts. The implementation of large-scale eradication or
control measures has created the need for seroepidemiologic monitoring
procedures sensitive to both 1ight and early infections as well as
being practical and economical in field conditions.

During the past two decades, significant progress has been won in
the development of immunologic procedures with greatly enhanced
sensitivity. However, the application of these to the unique challenges
of parasitology has only magnified the problem: 1lack of specificity.

It is noteworthy that historical advances in immunodiagnosis for
helminthic disease have occurred principally as a result of improvements
in antigen quality, not test methodology. Development of helminth
antigens has failed to keep pace with development of the assays in which
they are used, Workers have been preoccupied with the use of whole worm,
somatic antigens which, in their crude state, are ill-defined,
heterogeneous mixtures from which the fractionation of specific antigen

has proved formidably difficult. Cross-reaction has been the rule rather
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than the exception. Throughout these years, a few workers have suggested

that nematode secretions might provide a more satisfactory source of

diagnostic antigen, but the lack of immunoassays suitably efficient in

antigen consumption has impeded progress in this direction. Recent

advances in both these fields now allow further assessment of the

potential role of secretory products as a practical source of antigen.

In the present work, toxocariasis was selected as a model nematode

Aside from being a

infection because it exemplifies the problem.

readily available, cosmopolitan infection, distributed widely from the

tropics to the subarctic, toxocariasis has been difficult to diagnose

Clinically, no

either clinically, parasitologically or serologically.

The spectrum of disease ranges from occult,

pathognostic features occur,

subclinical infection to severe morbidity with possible mortality.

Parasitologically, patent infections never occur and definitive

diagnosis is obtained only through biopsy, a procedure rarely successful

because parasites may be widely dispersed in tissues and impracticable

to locate. Serologically, the aetiologic agents (Toxocara spp.) are

known to share antigens with, among others, Ascaris lumbricoides, the

most commonly occuring nematode in man.

Using the toxocariasis model, this thesis describes the development
of an immunoassay using nematode secretory antigens and assesses its
ability to provide sensitive, and reproducible data on a practical basis

for use in serodiagnosis and seroepidemiology.
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CHAPTER 1

REVIEW OF LITERATURE

Toxocariasis: Historical Perspective

Toxocara canis (Nematoda) was first described by Werner in 1782
and Toxocara cati by Shrank in 1788. Yet almost 200 years passed before
their aetiology in human disease was proved (Beaver, Snyder, Carrera,
Dent, and Lafferty, 1952) and their life cycles elucidated (Sprent,

1956, 1958). The history of events leading to the recognition of
toxocariasis as a disease entity in man focuses attention on the problems
responsible for the delay in its discovery; problems which still exist
for the contemporary diagnostician.

As early as the 1920's, the medical 1iterature contains numerous
case reports of persistent eosinophilia, hepatomegaly, pulmonary
infiltration and poor health with unknown aetiology. Many of these cases
were in children and some cases showed more than one member of a family
affected. Numerous eponyms were applied including familial eosinophilia,
Frimodt-M31lers syndrome, Loeffler's syndrome, Weingarten's disease and
eosinophilic pseudoleukemia. The syndrome appeared to involve a
hypersensitivity reaction and various allergic aetiologies were proposed
involving pollen, bacteria and drugs.

In 1921, Flilleborn discussed the possibility of larval infestation
and associated hypersensitivity in man and Chandler (1925) and Schwartz

(1932) recorded the suspicion that early development of Toxocara canis

including invasion of the lung probably occured in man.
Thomson, Wilson and McDonald in 1937 reported for the first time
the observation of numerous white pin-head sized lesions resembling

tularemic foci on the surface of the liver of an adult patient with




111ness characterized by prolonged eosinophilia.
Atmar (1940) described similar lesions on the liver surface of
an adult patient with “familial eosinophilia®. Familial eosinophilia

was defined (Atmar, 1940) as "the presence of an increase in mature

eosinophilic leucocytes in the blood of several members of a family in

which none of the known causes of eosinophilia such as allergic states,
dermatoses and parasitic infestations was found".

In 1947 Perlingiero and GySrgy reported the presence of
eosinophilic granulomata in the liver of a child with a syndrome
characterized by chronic eosinophilia, fever, pulmonary distress,
hyperglobulinaemia and leukocytosis.

In 1949 Zeulzer and Apt described seven cases of disseminated
visceral lesions in children 18 months to three years of age presenting
with the same clinical syndrome. Liver lesions were demonstrated at
biopsy or autopsy in each case. These authors interpreted the
lesions as representing an expression of a "common pathologic process
of variable localization and severity, the nature of which is regarded
as an allergic-hyperergic tissue response to undertermined antigens".

In 1950 Loeffler's syndrome (transient pulmonary infiltration with
blood eosinophilia) was reviewed by Nemir, Heyman, Gorvoy and Ervin
(1950) with a report of eight cases, all occurring in children.

In the same year Mercer, Lund, Bloomfield and Caldwell (1950)
described the case of a 2-year-old child suffering from headache, fever,
abdominal dfstension and pain. The child had extreme eosinophilia and
at laparotomy showed numerous lesions typical of those previously
described. In biopsy material from these lesions, nematode larvae were
detected. Ascariasis was suspected and on treatment the child passed

one Ascaris lumbricoides specimen but 1ittle improvement in clinical

condition resulted. The patient's history revealed pica and that he was




frequently left to play on a dirt basement floor. A check of this soil
revealed embryonated parasite ova identified as Ascaris sp. However

the photomicrograph of these ova in this paper shows clearly the ova

of Toxocara sp. rather than Ascaris sp.

In 1950 Wilder reported a now classic work in which she re-cut

serial sections of 46 eyes enucleated from patients three to 13 years

The histologic examination of

of age with suspected retinoblastoma.

these lesions showed eosinophilic abscesses surrounded by epithelioid

and giant cells with no evidence of neoplasm. Sfince these lesions

were similar to those caused by nematodes elsewhere in the tissues,

the sections were examined with a view to detecting the responsible

organism. Nematode larvae or their residual hyalin sheaths were

found in 52% of the eyes examined. The larvae were identified by

B.G. Chitwood as being similar to third stage hookworm larvae. These

same sections were later examined by Nichols (1956) who identified the

larvae not as hookworm but as Toxocara sp.
In 1951 Beautyman and Woolf discovered nematode larvae in the

The larvae were

brain of a child who had died from poliomyelitis.

identified as those of Ascaris lumbricoides however the authors

recorded the larval dimensions as 300 to 350 microns in length and

15 to 20 microns in width., Sprent (1955) reported that the

measurements in this paper are more suggestive of Toxocara canis than

of Ascaris lumbricoides.
The following year Beaver et al. (1952) of Tulane University,

published their classic paper describing three cases of eosinophilia
with liver lesfons and hyperergic syndrome in children in which

Toxocara sp, larvae in liver biopsy were identified for the first time,
In two cases the children played with dogs and in one case Toxocara canis

ova were recovered from soil in the back yard of the patiert's home.




These authors introduced the term “visceral larva migrans® (VLM) to

describe the prolonged migration of nematode larvae through the internal

organs of man. The invading larvae are generally of species naturally

adapted to hosts other than man, remain immature and eventually perish
in the tissues. The syndrome as they defined it is “usually a
relatively benign disease, characterized chiefly by sustained
eosinophilia, pneumonitis and hepatomegaly and probably is due both to
direct tissue damage by migrating larvae and to allergic responses to
their products. Its severity varies with the number of larvae in the
tissues and the immune or allergic state of the infected individual®.

In 1953 Brill, Churg and Beaver confirmed Beaver's (1952)
observation by reporting the VLM syndrome in the autopsy of a
2-year-old child who died after a course of anorexia, lethargy, fever
and abdominal pain. Typical lesions were observed in the liver, lungs,
kidney, and myocardium. A toxocaral larva was identified in a lung
section. The child was a known dirt-eater who played with several cats.
There was no known contact with dogs.

Also in 1953 Smith and Beaver, in an experiment of questionable
ethics, infected two mentally defective children aged two and three
years, with 200 embryonated eggs of Toxocara canis. Both developed
significant peripheral eosinophilia (52% and 45% respectively) within
three months and some degree of hepatomegaly within one month.
Eosinophilia persisted for at least 13 months after infection.

Karpinski, Everts-Suarez and Sawitz (1956) on reviewing two cases
of VLM in children approximately two years old, who were both
dirt-eaters and who associated with pet cats with proven Toxocara cati,
suggested T. cati as a possibly significant cause. They emphasized that
cats are more prone to defecate in children's sandboxes, under porches,

and inside homes than are dogs and hence T. cati have a greater likelihood
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of being ingested by crawling children.

Dent, Nichols, Beaver, Carrera and Staggers (1956) described a
case of a 19-month-o1d child who died of what was at first recorded as
overwhelming homologous serum hepatitis due to blood transfusion.

At autopsy numerous granulomata were found in the liver, lung, brain,
kidney, spinal cord, and myocardium. Live Toxocara canis larvae were
recovered from many of these lesions. Sample digest estimates indicated
60 larvae per gram of liver and five larvae per gram of muscle, In
press preparations there were three to five larvae per gram of brain.
There was an estimated minimum of 50,000 larvae present in the body.

In the periodfrom 1952 to 1962 approximately 150 cases of visceral
larva migrans syndrome were reported in the literature (Beaver, 1966)
with new cases beingreported less frequently unless accompanied by
urusual features. It was realized that other nematodes could be

implicated in the syndrome (eg. Capillaria hepatica from rodents;

Dirofiliaria immitis from dogs; Ancylostoma caninum, Ancylostoma

braziliensis, Gnathostoma spinegerum, Uncinaria stenocephala from dogs

and cats; Anisakis marina from fish; Toxocara vitullorum from calves;

Ascaris suum from pigs). Therefore it was proposed that VLM be redefined
to describe the migration of all nematode species in host tissues
(Beaver, 1956). Sprent (1954, 1962) more than any other worker, led

the way towards a re-examination of the concept of larva migrans and

in 1969 redescribed it as a biological phenomenon rather than a clinical
syndrome (Sprent, 1969). In response, Beaver (1969) withdrew his
original definition, which he described in retrospect as placing
erroneous emphasis on a picture of "the abnormal, aimless wandering of

a hapless and frustrated, {11-fated worm having no happier prospect than
eventual death after an indefinite period of inflicting damage to a

physiologically inadequate, over responsive host". Beaver's new
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definition was narrowed to include as causative agents only those
species of nematode larvae undergoing prolonged migration and long

persistance in paratenic hosts. By introducing the biological concept

of paratenesis, he proposed Toxocara canis as the prototype of visceral

larva migrans just as Ancvlostoma caninum is prototypic of cutaneous

larva migrans. Since this time the term 'VLM' has been gradually
replaced in the medical literature by the specific aetiology when
known (eg. toxocariasis), a convention which will be followed in this
thesis.

A historical review of the relevant toxocariasis literature
subsequent to 1956 is cumbersome unless some attempt at categorization
is made. The remaining literature will be reviewed in terms of the
parasites involved, the syndrome they cause, and the diagnosis of the

syndrome, both clinical and serological.
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B. Toxocariasis: Natural History

It is significant to note that as late as 1956, the life cycle

and biology of Toxocara canis were still incompletely understood

despite the incrimination of Toxocara spp.in human disease. The

growing realization since 1952 of the importance of these parasites

in pediatric medicine initiated renewed interest in various aspects

of their life history on the part of several noted parasitolngists.

In 1957 Schacher published an exhaustive study of Toxocara canis

He concluded as did Sprent and English (1958)

and T. cati larvae.

that human infection with Toxocara is limited to the second-stage

larva in the tissues.

In 1958 Sprent published a now classic work which for the first

time effectively elucidated the complex life cycle of T. canis in the

dog and its inherent epidemiologic implications.

1. Toxocara canis in Canidae

A summary of the work by Sprent (1958) shows that adult T. canis

worms live in the small intestine of the dog were they produce large

numbers of non-infective ova which are liberated to the environment

via faeces. Each adult female worm may shed at least 200,000 ova

per day (Schantz and Glickman, 1978). Under suitable conditions of
warmth and moisture the ova become infective in two to six weeks to

dogs and other animals which may ingest them. On ingestion, second-stage
larvae are released in the small intestine and penetrate the mucosa.
Newly hatched larvae exhibit thigmotropic behaviour and enter the

portal circulation to the liver, passing through sinusoids to the hepatic
vein, through the right side of the heart to the pulmonary artery and

into the lTung capillaries. When this occurs in pups less than five

weeks of age the larvae pursue the classical cycle of tracheal
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migration (ie. they moult to third-stage larvae, break out of the lung
capillary bed into alveoli, ascend the respiratory tree, and are
swallowed to the stomach and gut, moulting to fourth-and fifth-stage
larvae en route, and develop to sexually mature adults in the upper
small intestine). If this occurs in pups older than five weeks of-
age, or in any other mammal of any age, the larvae undergo somatic
migration (ie. no ecdyses occur and second-stage larvae pass through
the lung capillary bed, back to the left side of the heart via the
pulmonary vein, and are disseminated via the arterial blood to all
parts of the body where they persist in somatic tissues as second-stage
larvae for long periods of time).

Pups under five weeks of age have little opportunity to ingest
large numbers of T. canis ova. In an effort to explain the high rates
of infection (approaching 100%) in young pups Sprent (1958) discovered
that the most important means of infection is via the prenatal route.
Previously dormant larvae in somatic tissues (particularly retro-
peritoneal tissues) of the pregnant bitch mobilize after the 42nd day
of gestation (Douglas and Baker, 1959) presumably due to hormonal
stimulus related to pregnancy in the bitch. The reanimated larvae
migrate through the placenta to the foetus ultimately to give rise to
patent infection at three weeks of age (Yutuc, 1949). This interesting
phenomenon has received relatively little attention (Scothorn, Koutz,
and Groves, 1965) and awaits elucidation. The possibility that
immunosupression during pregnancy might be implicated has not been
adequately investigated.

Patent infection of pups commences four to five weeks after birth
(Webster, 1958) and persists for approximately six months before adult

worms are expelled from the gut (Sprent,1958). That this expulsion

is immunologically mediated has not been tested. Souﬂy (1965) quoted
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from various observations that bitches, after parturition, reamuire
patent T. canis infection and attributed this occurrence to a
weakening of immunity. Sprent and English (1958) proved it was due to
the bitch's habit of ingesting their pups' faeces which may contain
advanced-stage larvae. Patent infection in the bitch is expelled more

rapidly than in pups thus suggesting an immunologic mechanism.

Predation on animals infected with paratenic second-stage T. canis

larvae presents another source of non-patent infection in older dogs
and other carnivores. Trans-mammary neonatal infection of pups with
T. canis is less common (Sprent, 1961; Stone and Smith, 1973; Stage,
1976).

Thus it appears that T, canis has five possible 1ife cycles in
canids: 1) in utero infection resulting in tracheal migration and
patent infection; 2) ingestion of trans-mammary larvae or ova from
the environment resulting in tracheal migration and patent infection
in young pups; 3) ingestion of ova resulting in somatic migration and
non-patent infection in older pups and mature dogs; 4) post-parturient
direct migration resulting in patent infection in the lactating bitch;
5) predation on paratenic hosts resulting in somatic migration and
non-patent infection in older pups and mature dogs.

Age resistance to tracheal migration and patent toxocariasis in
pups older than five weeks has been the subject of much research
(F81leborn, 1929; Hinman and Baker, 1936; Pullar, 1946; Noda, 1956;
Boch, 1956; Ehrenford, 1957; Noda, 1958; Griesemer et al, 1963;
Henson, 1971) but has not been adequately explained. The hypothesis
that somatic migration and age resistance are manifestations of specific
acquired immunity is not supported by experimental evidence from ascarid
naive pups which indicates that somatic migration does not depend on

previous exposure (Greve, 1971; Oshima, 1976; Dubey, 1978).




2. Toxocara cati in Felidae

Sprent (1956) reviewed and contributed to the elucidation of the

11fe cycle and biology of Toxocara cati by demonstrating that cats of any

age may acquire patent infection by ingestion of infective T. cati ova

which hatch in the upper alimentary tract releasing larvae that undergo
tracheal migration and return to the gut as advanced-stage larvae which
mature to adults. Cats may also be infected by ingesting rodents
carrying paratenic infection with T. cati second-stage larvae. Prenatal
infection has been recorded but is of minor importance. Neonatal infection
has not been observed.

Since the work of Schacher (1957) it has been accepted that the
infective egg of the genus Toxocara contains a second-stage larva,
however newer evidence (Paulo, 1972) suggests that two ecdyses occur in

the egg of Toxocara and Ascaris and that the infective stage of these

parasites is the third-stage larva. This is questionable since it

implies five ecdyses in the life cycle.

3. Toxocara spp. in Paratenic Hosts Including Man

Paratenesis is a biological phenomenon in which infective-stage,
parasitic larvae pass without essential development through a series
of transport hosts to the final host; the transport hosts serving at
the same time to maintain infective-stage larvae from one season of
transmission to the next (Beaver, 1969). The spectrum of host
specificity of the infective-stage is necessarily very broad whereas
the host specificity of the adult stage is restricted to the definitive,
carnivorous host. Man and all mammalian species can serve as paratenic

hosts for Toxocara spp. When infective T, canis or T, cati ova are

ingested, they hatch in the small intestine and second-stage larvae

penetrate the mucosa, enter the portal or lymphatic circulation and are




carried to the heart, hence to be distributed to all tissues of the

body via the arterial circulation (Woodruff, 1970). Studies of

predeliction for a particular tissue in man have not been done, however,

autopsy cases, in particular those reported by Dent (1960), Beaver

(1956), and Mikhael et al. (1970) would suggest that most of the

ingested larvae remain in the liver, or that the host response is most

No significant larval growth or development

vigorous in that organ.

ensues in paratenic hosts and second-stage larvae persist indefinitely

with dimensioms of approximately 400 x 20 u for T. canis

(cf. 400 x 16 p for T, cati), (Nichols, 1956).

Adult T. cati have been reported in man on 21 occasions (Ehrhard

and Kernbaum, 1979). There have been few indisputable records of

adult T. canis infection in man (Sprent, 1956; Bisseru, Woodruff and

Hutchison, 1966; Wiseman and Lovel, 1969).

In monkeys Toxocara canis larvae are known to persist for at least

nine years in the liver and probably reside in that organ (Beaver, 1962;

Beaver, 1966). Aljeboori, Stout and Ivey, (1970) found, in baboons,

that the largest number of T. canis larvae per gram of organ occurred

in the liver although the lung sometimes contained lower but comparable

These authors maintain that the distribution of

numbers per gram.
larvae is an important factor in determining the character of the

disease that will result from toxocaral infection and suggest that the

liver "protects® the lung from "verminous pneumonia“ (intra-alveolar

Their observations indicate that there is some

hemorrhage and oedema).

impediment, possibly of immunologic nature, to the progress of larvae

through the 1iver and that pulmonary symptoms are directly related to

the number of parasites reaching the lung per unit of time.

Sprent (1955b) reported striking differences in the migratory

behaviour of T. canis and T, cati larvae in mice. A relatively large
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proportion of T. canis larvae migrating in the tissues of mice were

found to be distributed to the brain while the larvae of T. cati were

rarely recovered from the brain. Sprent (1958) confirmed Nichols'

(1956) observation that the diameter of second-stage T. canis was
slightly greater than that of T. cati and deduced that the difference

in migratory behaviour might be related to the difference in larval
diameter in relation to blood vessel calibre of the host. Sprent (1955a)
proposed that the larvae proceed along vessels and leave them at a

point where larval diameter approaches vessel diameter. This has been
offered in explanation of the "filtering” of T. canis larvae from the
blood in the lungs of pups less than five weeks of age but seems an
unsatisfactory interpretation.

Many authors (Lee, 19603 Oshima, 1961; Olson, 1962; Dubey, 1968;
Burren, 1971; Olson and Petteway, 1972; Lee, Min, and Soh, 1974; Kayes
and Oaks, 1976, 1978) have studied the distribution of toxocaral larvae
in mice. Burren (1971) supported Sprent's (1955a,b,) observation in
mice by reporting that 100% of an inoculum of Y. canis eventually
resided in the brain while only 8.3% of an equivalent number of T. cati
were found in the brain. The predeliction tissue in this case was the
cerebellum., Olson, lzzat, Petteway and Theinhard (1970) investigated
ocular T. canis infection in mice and found that larvae entered the eye
within three days of infection and that haemorrhage coincided with
invasion. The posterior eye harboured more larvae. Olson and Petteway
(1971) showed that T. cati did not enter the eye of mice. These same
authors in 1972 demonstrated that T. canis larvae invade the spinal
cord of mice and persist there for at least four months.

Toxocara larval distribution in the rat and guinea pig has been
discussed by Beaver (1962) and Burren (1972). Burren found that the

cerebellum of Toxocara infected rats and gerbils contained the greatest
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number of larvae per unit tissue weight whereas no significant single
tissue predeliction was determined for the hamster, The ability of rats
to solve complex maze problems after being infected with 20,000 eggs of
T. canis was studied by Olson and Rose (1966) and was found to be
significantly reduced within one week of infection. This leaming
deficit persisted for at least four weeks. The cerebral cortex and the
cerebellum harboured the most larvae.

Lautenslager (1970) observed differences in the migratory behaviour

of T. canis and T. cati larvae in the rabbit. T. canis larvae that

reached the brain tended to remain while T. cati larvae did not. T. cati
larvae that reached the eye tended to remain while those of T. canis

had less tendency to remain. Occasional tracheal migration was observed
with T. cati in the rabbit.

Toxocaral infection has been studied in higher domestic animals
including swine (Done and Gibson, 1958; Stevenson, 1979), sheep
(Schaeffler, 1960) and cattle (Greenway and McGraw, 1970). Infection in
chickens and pigeons has been reported by Galvin (1964), in turtles by
Merdivenci and Zezen (1965).

In invertebrates, second-stage T. cati larvae have been recovered
from the tissues of experimentally infected earth worms and cockroaches,
but not from beetle larvae or wood lice (Sprent, 1956). Pegg (1970,
1971) in a series of experiments suggested that the adult house-fly,

Musca domestica, could become infected with T. canis larvae on ingesting

infective ova and thus act as a source of infection to other animals
including the dog. Edwards (1971) disputed this work pointing out that
it is physically impossible for adult Musca domestica to ingest Toxocara
ova and suggested that they merely act as vectors for the ova. It is

possible to infect fly maggots with Toxocara canis larvae (Edwards, 1971).
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many of which were collected in urban areas in the UK. This led to

intensive studies of urban dogs (Beck, 1973, 1975, 1976; Fox, 1976)

and urban soil samples (Dubin, Segall and Martindale, 1975; Read and

Thompson, 1976; Ghadirian et al, 1976} Chieffi and Muller, 1976; Dada,
1979; Quinn, Smith, Bruce and Girdwood, 1980). It was estimated that
New York city's dog population of 500,000 deposited 170,000 kg of faeces
per day on city streets (Beck, 1973) (0.34 kg per day per dog). Houston
estimated 63 million kg of dog faeces per year (Arambulo, and Steele,

1976). Toxocara spp. ova are the most commonly occurring parasite ova

in sewage sludge in Canadian cities and probably enter the system through

storm sewer run-off from city streets (Graham, 1976).

Owing to their impervious “shell™, Toxocara ova are extremely
They may remain

resistant to adverse conditions and to disinfectants.

viable for several years in moist soil and are resistant to long

exposures (three days) to cresol disinfectants (eg. 2.5% chlorxylenol)

Ova survive at least four years in 1% formaldehyde

(Lautenslager, 1973).
(Headlee, 1936), withstand composting for at least one year (Pegg and

Donald, 1978) but do not survive freezing at -15°C. Ghadirian et al.

(1976) found that ova can endure a Canadian winter in frozen soil

presumably due to the insulative effects of soil and snow cover. To

ki11 toxocaral eggs in children's sandpits required the application of

steam at 160°C under 10 atmospheres of pressure for five hours (Knappen,

Ova are susceptible to direct sunlight

Frachimont and Otter, 1979).

and desiccation (Lautenslager, 1972). An intriguing possibiiity for

control of ova in soil is the use of ovicidal fungi (Lysek, 1978).

Bourke and Yeates (1961) suggested common ways in which children

may become infected;
1. By handling pups of age three weeks to six months.

2. By contact with objects contaminated with infective ova
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e{ther {nside or outside the home.

By ingestion of soil containing ova.

By direct contamination of hands due to contact with a
nursing bitch or her immediate enviromment.

Pegg (1970) suggested that the common house fly may carry Toxocara

ova and may contaminate food with them; a potential source of infection

for adults. As predicted by Woodruff (1970), Toxocara ova have been

found on soil-contaminated foods (eg. lettuce leaves) (Anuar and

Ramachandran, 1977) which thus constitute a potential source of infection

Local cultural habits may also

for adults as well as children.

For example, beetle-eating in

predispose adults to toxocariasis.

Malaysian folk medical practice (Chu, Palmmieri and Sullivan, 1977)

and the Korean custom of eating raw beef liver, a source of

Toxocara vitullorum larvae (Lee, Min, Chung, and Chang, 1976).

Congenital transmission of toxocariasis in man has been suggested by

de Savigny and Tizard (1977) and induced in experimental paratenic

hosts (Lee, Min, and Soh, 1976).

Early investigators recognized toxocariasis mainly in children

less than four years of age (reviewed by Mok, 1968). These cases

usually recorded a history of pica or geophagia and ownership of a pet

dog or cat from which Toxocara ova were being shed (Snyder, 1961; Beaver,

1962; Shrand, 1964; and Huntley, Costas and Lyerly, 1965). Boys

appeared to be infected twice as commonly as did girls (Snyder, 1961;

Beaver. 1962). Later workers realized that infection was not uncommon

in adults (Woodruff, 1970; Rook and Staughton, 1972). Ehrhard and

Kernbaum (1979) reviewed 1,920 case reports of which 17.7% were adult,

44% were less than three years of age and the average age was 93 years.

As more cases in both adults and children were seen it also became

evident that histories of pica and of pet ownership were not essential
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features (Woodruff, 1970) since the presence of ova in the environment

can be ubfquitous. In North America 1t was estimated that one

household in three owns a dog (Beck, 1975). It has been reiterated

that toxocariasis has much greater incidence in man than is realized

1962; Sprent, 1963; Mok, 1968; Woodruff, 1970, Borg and
Woodruff (1970) has shown

(Beaver,
Woodruff, 1973, Schantz and Glickman, 1978).
tests that at least 2% of healthy persons in Britain hav
"It is evident that either subclinical Toxocara

by skin e been
jnfected with Toxocara.

infections are common or that when patients are examined during the

symptomatic phase, the diagnosis is overlooked unless one of the more

dramatic manifestations of the disease forces it on the physician's

attention® (Rook and Staughton, 1972).

Much of the epidemiology of toxocariasis has been revealed from

seroepidemiologic studies and th

ese are reviewed separately in Section E.2.



2. Clinical Manifestations

The frequency of various manifestations noted in toxocariasis has

been surveyed from the world 1iterature describing 350 cases reported

between 1952 and 1978 (Table 1 and 2). Such surveys may be

misrepresentative since the motive to publish case reports in recent

years is biased toward those with more unusual features. Common

features (ie. those occurring in more than 50% of patients) are reviewed

in more detail below.

Eosinophilia

Few parasitic diseases of man provoke a more severe or chronic

eosinophilia than toxocariasis. Eosinophilia is the most consistent

clinical feature: Snyder (1961) found that 100% of 20 cases and Shrand

100% of 40 cases had leucocytosis with an eosinophilia

(1964) found that
greater than 30%; Beaver (1962) reported that in approximately B0% of

recorded cases, eosinophils represented more than 50% of circulating

blood leucocytes. Two of these cases exceeded 80% of 90,000/mln3 of

leucocytes. Approximately 13% of cases have eosinophilia greater than

80%. (Ehrhard and Kernbaum, 1979).
In experimental human infection (Smith and Beaver, 1953; Chaudhuri

and Saha, 1959) eosinophilia was a striking sequel as early as 13 days

post infection with 100 to 200 embryonated eggs.
Archer (1963) feels that the most important factor on which

eosinophilia depends is local histamine release in tissue chronicaliy

damaged by parasites. The raised blood histamine level may stimulate

eosinophils in the bone marrow (Snyder, 1961).
that the parasite may release histamine as a result of antigen-antibody

Archer (1963) also states

reaction. Follow-up studies (Zeulzer and Apt, 1949; Bourke and Yeates,

1961; Ashton, 1960; Irvine and Irvine, 1959; Huntley et al. 1965) have

shown that eosinophilia declines to normal, usually in the space of a few
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TABLE 1

CLINICAL FEATURES IN 350 CASES*
AND CHILDREN

e O
Hepatomegaly 74.6% 47.0% 79.4%
Fever 69.3% 71.4% 68.9%
Pulmonary Involvement 66.7% 41.7% 71.6%

(Radiologic Anomalies 70.5%=94/133) 47.6% 59.6% 43.7%
Gastro-intestinal Involvement 44 .,8% 63.4% 37.5%
Malnutrition 44.2% 36 .4% 45.9%
Central Nervous System Involvement 35.6% 33.0% 36.1%
splemonegaly (alueye S o ty) 32.9% 17.8% 24.8%
Anorexia 31.1% 30.0% 30.9%
Pallor 26.2% 12.0% 29.2%
Cutaneous Involvement 24.1% 29.3% 22.9%
Lymphadenopathy 21.2% 19.0% 21.3%
Cardiac Involvement 11.1% 9.7% 12.5%
Oedema 11.0% 4.9% 13.5%
* Surveyed from published cases in the literature according to

Ehrhard and Kernbaum (1979).

Age unknown in 28 cases.
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TABLE 2

NATURE AND FREQUENCY OF
LABORATORY FINDINGS IN TOXOCARIASIS (350 CASES)™*

FEATURE FREQUENCY

Hypereosinophilia (blood)

> 400 X 106/1 100 %
> 5,000 X 1051 75.8%
>10,000 X 10°/1 57.0%
> 30,000 X 108/1 20.0%
> 5% 98.7%
= 30% 85.1%
> 50% 52.5%
> 30% 12.6%
Hypereosinophilia (marrow) 96.3%
Erythrocyte Sedimentation Rate Elevated 89.0%
Hyperleucocytosis 83.8%
Hypergammaglobulinaemia (=12 g/1) 81.0%
Heterophile Antibodies 74 .4%
Hyperglobulinaemia ( =30 g/1) 73.8%
Anti-Toxocara Antibodies 67.6%
Isohaemagglutinins (anti-A, anti-B) 66.6%
Anemia 62.7%
Hypoalbuminaemia ( <40 g/1) 62.2%
Rheumatoid Factor (IgM anti-IgG) 50.0%
Larvae detected histopathologically 42.0%
(in liver biopsy) (37.0%)
Non-specific Serological Reactions 42.0%
(to Ascaris spp.) (31.8%)
Coprology Positive for Parasites 31.0%
(for Trichocephalus trichiura) (19.7%)
(for Ascaris lumbricoides) (13.8%)

* Surveyed from published cases in the literature according
to Ehrhard and Xenrbaum (1979),
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years, however, possible subsequent features of visceral toxocariasis
such as ophthaimitis and encephalitis may be accompanied by a normal
eosinophil count. Olson and Izzat (1972) also suggest the 1ink between
eosinophilia and allergic injury in toxocariasis and state that these
occurrences reflect IgE-targetcell-Toxocaral antigen reactions leading
to release of vasoactive amines and activation of kinins. They also
suggest that the role of complement mediated release and activation

of mediators should be considered.

Kayes (1978) and Kayes and Oaks (1980) reported that T. canis
specifically sensitizes a sub-population of T-lymphocytes (in murine
toxocariasis) that triggers the full display of peripheral eosinophilia
and the participation of these eosinophils in the inflammatory response
to migrating larvae. In T-cell deprived mice, no granulomas occur and
eosinophilia is reduced.

Jones and Kay (1976) Butterworth (1977) and Austen (1978) have
shown that eosinophils have a repertoire of catabolic activities
appropriate for handling products of mast cells, and can modulate
Type I hypersensitivity. This prompted Roitt (1979) to speculate that
parasites may deliberately attract eosinophils to defend against attack
by mast cells, thus casting new 1ight on Kayes' work (vide supra).
Toxocariasis wouid seem an excellent model in which to examine Roitt's

hypothesis since high IgE levels are common (Hogarth-Scott, Johansson

and Bennich, 1969) and larvae are often found alive within eosinophilic

granulomas (Mok, 1968).

Hepatic Involvement
Among 40 children with toxocariasis reported by various authors,

Shrand (1964) found hepatomegaly described in 87%. Liver biopsy had
been performed on 25 of these children and characteristic lesions

Larvae were found in only six cases. Huntley et al,

were found in 20.
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(1965) in a review of 51 patients with toxocariasis noted lhepatomegaly
in 65% and elevated serum glutamic-oxaloacetic transaminase (SGOT)
levels in 20%. Elevated SGOT has also been reported by Lewis and

his associates (1962). Hepatomegaly i{s more common in children with

toxocariasis than 1t {s in adults (Ehrhard and Kernbaum, 1979).

Pulmonary Involvement

Pulmonary manifestations in toxocariasis have been well documented
(Zeulzer and Apt, 1949; Dent, Nichols, Beaver, Carrerra and Stagger,
1956; Heiner and Kevy, 1956; Beaver and Danaraj, 1958; Chaudhuri and
Saha, 1959; Dent, 1960; Williams and Henning, 1961; Lorentz, 1962;
Haddow and Grant, 1970). Beaver (1962) estimated the incidence of
pulmonary involvement to be about 50%; Ehrhard and Kernbaum (1979)
reported 42% and 72% in adults and children respectively. Mok (1968)
points out that it is not certain whether dyspnoea, cough, wheezes
and infiltration seen in chest x-rays are the result of direct invasion
of Toxocara larvae or a hypersensitivity reaction. Pneumonitis
resulting from toxocariasis can lead to life-threatening respiratory
distress or death (Jung and Pacheco, 1960; Beshear and Hendley, 1973).
Moreau, Mary and Junod (1971) on examining two patients with protracted
and severe bronchopulmonary disease and conclusive evidence of Toxocara
infection concluded that toxocariasis apparently belongs to the family
of immune-complex diseases and that certain asthmas and bronchopulmonary
conditions presenting with high eosinophil counts could be attributable

to toxocaral infestation. Brown in 1972 found evidence of toxocariasis
in nine of 40 consecutive unselected asthmatic patients in a prospective
study. Woodruff (1973) found anti-toxocaral antibody in 19.5% of

asthmatics compared to 5.8% of controls.
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Central Nervous System Involvement

Toxocaral granulomata and larvae have been demonstrated in brain
tissue in man (Beautyman and Woolf, 1951; Dent et al. 1956; Dickson
and Woodcock, 1959; Moore, 1962; Brain and Allan, 1964; Wood, Ell{son,
Kelly and Kaufman, 1965, Mikhael et al, 1974). Huntley, Costas and
Lyerly (1965) in their review of 51 cases found 28% had convulsions.
The convulsions were recurrent in nine of these patients. Ehrhard and
Kernbaum (1979) recorded CNS involvement in 36% of 350 cases with
approximately equal incidence in adults and children. Woodruff,
Bisseru and Bowe (1965) suggested that epilepsy may be caused by
granulomatous tissue formed around disintegrating larvae in the brain
since toxocariasis had been demonstrated by skin test evidence in
7.5% of 349 epileptics while prevalence in the normal population was
estimated by skin tests to be 2.1%.

Encephalitis, encephalopathies and meningitis have been reported
in fifteen cases of toxocariasis and merit comment because this
manifestation s often fatal. Mortality, usually in children, has been
recorded by Beautyman and Woolf, 1951; Dent et al, 1956; Van Thiel,
1960; Moore, 1962: Schoenfeld, et al, 1964; Sumner and Tinsley, 1967;
Schoehet, 1967; Mikhael et al, 1974. Toxocaral eosinophilic
meningoencephalitis with reversable flaccid paraplegia in an adult has
been reported (Miller-Jensen et al, 1973). The finding of larvae or
cosinophilic granulomas within the central nervous system at autopsy
suggests that neurologic disturbance is caused by actual larval invasion
of the nervous tissues. Woodruff, Bisseru and Bowe, (1966) found that
13.6% of patients with poliomyelitis had evidence of toxocariasis
(cf. 2.1% in controls). Khalil, Khattab, E1-Fattah, Khalid, Awaad, and
Rifaat (1971) reported a 5.8% incidence of toxocariasis in 102 infants

from one to three years of age suffering with poliomyelitis in the
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United Arab Republic.

Woodruff (1968) introduced the important concept that toxocaral
larvae, on leaving the Tumen of the bowel to migrate in the tissues,
may act as vectors for viruses or other microorganisms or result in
lesions which could afford foci for the growth of potential pathogens
circulating at the time. Experimental support was provided by Pavri
et al. (1975) using Japanese encephalitis virus and Toxocara canis in
mice. The public health implications of this possible association of
toxocariasis with the transmission of, or predisposition to, other
microbial infections are insidious and far-reaching to the degree that

ultimately such association may be the most important feature of

toxocariasis.

Cutaneous Involvement

Skin lesions in toxocariasis have been described carefully by
Dent and Carrera (1953), Smith and Beaver (1956), Heiner and Kevy (1956),
Mok (1958), Friedman and Hervada (1960), Brain and Allen (1964),
Shrand (1964), and Rook and Staughton (1972). The types of lesion are
varied and include tender nodules in palms and soles, atypical erythema
nodosum, purpura, fine papular rash, urticaria, usually on abdomen and
extremities, and recurrent circular painless subcutaneous lesions in
the loin and extremities.

It is difficult to determine the frequency of skin lesions in
childhood infections from the literature. Arean (1964) reports this
manifestation “insevere cases". Dent and Carrera (1953) describe it
in "most of our seven cases". These authors record cutaneous lesions
most commonly in children, however Rook and Staughton (1970) have
described a severe case of extensive pruritus and erythema with nodules
due to Toxocara in a 72 year old gardener. Ehrhard and Kernbaum (1979)

record the frequency to be approximately 24% of published cases and
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s1ightly higher tn adults than in children.

Cardiac Involvement

Myocarditis has been reported in 7 cases (Dent et al. 1956;
Friedman and Hervada, 1960; Becroft, 1964; Woodruff, 1965; Vargo
et al, 1977) two patients recovered while five died. It is believed
that myocarditis may be the result of the direct larval invasion of
the myocardium (Mok, 1968) or a hypersensitivity reaction in response

to the parasite (Sprent, 1963) or a potentiation of viral infection
(Becroft, 1964).

Hyperglobulinemia

Heiner and Kevy (1956) reported elevated serum gammaglobulin
levels ranging from 35 to 56 g/1. Ehrhard and Kernbaum (1979) found
hypergammaglobulinemia (=12 g/1) in 81% of 116 published cases.
Shrand (1964) calculated that 30% of toxocariasis cases were
accompanied by reports of elevated serum globulins. Snyder (1961)
found five of eight patients had elevated globulin levels from 12 to
82 g/1 but that hyperglobulinemia was a feature restricted to the more
severe cases., Hyperglobulinemia defined as =30 g/1 was noted in
73.8% of 153 published cases.

Huntley, Costas, Williams, Lyerly and Watson (1968) performed
quantitative serum protein determinations on 50 patients with
toxocariasis and 30 controls and showed that the albumin concentrations
were significantly reduced in the patient group and associated with
gammaglobulin levels greater than 12 g/1. Hypoalbuminemia less than
40 g/1 occurred in 62.2% of 135 cases (Ehrhard and Kernbaum, 1979).

Mok (1968) suggests that the hypergammaglobulinemia may be due
to production of specific antibody against Toxocara larvae or their
products, or be partially or wholly nonspecific globulin, or perhaps

reflect altered liver function.
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Anti-A. anti-B and Anti-1aG Factors

In 1956 Heiner and Kevy found anti-human blood group antigen
A and B titers greater than 1,000 in their three patients. Shrand
(1964) reported an anti-A titer of 4,000 and an anti-B titer of 500 in
his patient. In the 51 patients reviewed by Huntley et al. (1965)
two-thirds had isohemagglutinin titers above 250 while all controls
were less than 250. Ninety-four percent of the 51 patients had elevated
anti-B titers. Huntley, Lyerly and Patterson (1969) reported that the
isohaemagglutinins in 12 of 13 patients were [gG class, suggesting that
human A and B blood group antigens might be present in toxocaral larvae.
In a summary of 78 cases, elevated isohaemagglutinins were present in
66.6% and heterophile antibodies were present in 74.4% (Ehrhard and
Kernbaum, 1979).

IgM anti-I1gG antibody (rheumatoid factor) was elevated in 26 of
59 children with toxocariasis during the acute phase but returned to
normal with clinical recovery (Huntley et al, 1966). Ehrhard and
Kernbaum (1979) reported elevated rheumatoid factor in 50% of 34 cases.
Anaemia

Snyder (1961) reports that erythrocyte counts revealed anaemia
“in most cases" and haemoglobin concentrations varying from 5.8 to
14 g/100ml1 with less than 11 g/100ml in 80% of cases. Huntley et al.
(1965) described anaemia in 50.9% of 51 patients and Ehrhard and
Kernbaum (1979) noted it 62.7% of 117 cases. The possibility that
anaemia (and malnutrition occurring in 45.9% of 172 cases, loc.cit.)
might be predisposing factors in pica rather than sequelae of

toxocariasis has not received critical analysis in the literature.




D. Ocular Toxocarfasis

Wilder, (1950) while surveying histologically 46 eyes enucleated

for suspected retinoblastoma and subsequently diagnosed (because no
tunour had been found) as Coats' disease, pseudoglioma, or
endophthalmitis, found nematode larvae in 24 and tissue reactions
characteristic of nematode endophthalmitis in the remaining 22. At that
time the larvae found in Wilder's series were thought to be hookworm and
it was not until six years later that Nichols (1956) when reviewing this
series, ascertained that the larvae present in five eyes were those of
Toxocara canis, the remainder being too incomplete to assess. A1l 46
cases were retrospectively diagnosed as ocular toxocariasis. Since then,
over 330 cases of intraocular Toxocara have been noted in the world
Titerature (Table 3) and it has become evident that, in comparison

with visceral toxocariasis, ocular toxocariasis is the expression of a
clinically and epidanblogically distinct form.

1. Epidemiology

Shrand (1964) and Ferguson and Olson (1967) noted that ocular

toxocariasis is found usually in children older than the one- to four-
year-old age group common in visceral toxocariasis. In a review of

245 cases,Henderson (1970) reported a mean age of 7.5 years with a range
of 2 to 31 years. Schantz, Meyer, and Glickman (1979) observed a mean
age of B.6 years for their study group but noted that the date of onset
preceded diagnosis by an average of 12.6 months, thus resulting in an
average age of 7.5 years. Ehrhard and Kernbaum (1979) found 50% of

430 cases were less than 16 years of age and that mean ages varied
according to the different ocular manifestations. The older age of
patients with ocular toxocariasis might be explained in part by the
difficulty in recognizing unilateral loss of vision in the very young

child (Schantz et al, 1979), however ocular lesfons are rarely seen in
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visceral toxocariasis. The possibility that ocular toxocariasis might be
a late-onset manifestation of visceral toxocariasis receives support from
twocxe reports (Snyder, 1961; Bourke and Yeates, 1961) in which the visceral
form was followed four years later by the ocular form. The relative
frequency of ocular invasion as a proportion of total infections is unknown.
Pica does not appear in the histories of 100 cases reviewed by
Zinkham (1978), however Schantz et al. (1979) found geophagia in 41% of
17 cases and attributed its detection to careful inverviewing technique.
In the latter study, all cases and controls reported exposure to pets,
and only exposure to puppies was significantly associated with the study
group. Contact with dogs or cats was recorded in 33 of 245 cases
(Henderson, 1970) but it was claimed that most investigators had not
sought this information from patients.

Toxocara canis (cf. T. cati) appears to be the primary cause of human

ocular toxocariasis. Of 86 enucleated eyes containing nematode fragments,
Toxocara was identified to genus in 66 of which 63 could be speciated to
7. canis (Henderson, 1974). T. cati has never been conclusively
identified in the human eye although it has been suspected in at least
one case (Harris, 1961). Olson and Petteway (1971) found that T. cati
did not invade the eye in experimentally infected mice but that T. canis
could readily do so and attributed this to the predeliction for brain
tissue exhibited by T. canis.

Al though epidemiologic studies of visceral toxocariasis commonly
reveal a patient male:female ratio of approximately 2:1 (Snyder, 1961;
Huntley et al. 1965; Mok, 1968; de Savigny and Tizard, 1977; de Savigny,
Voller, and Woodruff, 1979; Ehrhard and Kernbaum, 1979), this
relationship is less evident in ocular toxocariasis : re ratios of
1.3:1 prevail (Henderson, 1970; Ehrhard and Kernbaum, 1979). The higher

prevalence in males of both forms of toxocariasis is usually attributed
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to culturally acquired behaviour patterns which result in a slightly
higher level of hygiene in female children (Snyder, 1961). Some authors

(Kernbaum, Tazi and Champagne, 1978; Ehrhard and Kernbaum, 1979) invoke
as explanation, the superfor humoral immune response of females
afforded by the presence of the second X-chromosome.

In animals, experimental infections with varying numbers of larvae
administered orally in a single dose have shown that the probability
of ocular invasion increases with the number of ingested larvae(Olson,
1976). If this finding can be extended to the pathogenesis of ocular
toxocariastis in man, ocular involvement should be more common in the
most severe cases (ie. visceral toxocariasis). Paradoxically, the
converse is true (see Section D.2.). If immune processes operate to
protect the chronically infected host, then ocular invasion is more
1ikely to occur in the individual not previously exposed to Toxocara
and in whom relatively small numbers of larvae migrate unrestrained by
the host's immune defences (Schantz et al, 1979). This is supported
indirectly by the observation that ocular toxocariasis is extremely rare
in dogs (Rubin and Saunders, 1965) however the specific immune status of
Toxocara-infected dogs has not been examined. Factors governing the
incidence of ocular toxocariasis in man also remain unknown. It is
perhaps significant that anti-Toxocara antibody assays are negative in
some cases of ocular toxocariasis (Duguid, 1961b, 1963; Woodruff, 1970;
Kagan, 1979).

2. Clinical Manifestations

Ocular toxocariasis is encountered most commonly in the older child
who presents with strabismus, uniocular visual disturbance, or blindness
in one eye. Bilateral involvement is rare and has been suspected in
only 12 of 430 cases (Hudomel, 1965; Ehrhard and Birnbaum, 1979). With
rare exceptions (Unsworth et al, 1965; Danis, Parmentier, Maurus and

Otten, 1966; Byers and Kimura, 1974; Negrel, 1977) ocular toxocariasis
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does not co-exist with visceral toxocariasis and only occasionally
(Bourke and Yeates, 1961; Snyder, 1961) can a prior history of visceral
toxocariasis be documented. Thus the great majority of cases exhibit
no hypereosinophilia, hepatomegaly, fever, pulmonary involvement,
hyperglobulinaemia, immune anti-A or anti-B antibody, or elevated IgE
levels (Woodruff, 1970; Henderson, 1970; Zinkham, 1978; Schantz et al,
1979). In contrast to eosinophilic granulomas which feature in visceral
toxocariasis, the majority of inflammatory cells in some ocular

lesions are monocytes and macrophages (Zinkham, 1978) although this

is contrary to the reports of Wilder (1950) Rey (1962), Arean and
Crandall (1963) and many others.

Schlaegel (1972) catalogued 14 clinically distinct forms of
intraocular toxocaral infection to which Reese (1971) and Karel, Peleska,
Uhlikova, and Hubner (1977) have contributed an additional two. The
most frequently recorded manifestations in a survey of world literature
(Table 3) are chronic endophthalmitis (classically described by Wilder,
1950; Duguid, 1961a) posterior-pole granuloma (Ashton, 1960; Duguid,
1961b; Ashton, 1969) and peripheral granuloma (Greer, 1963; Hogan, Welch
and Spencer, 1965; Wilkinson and Kimura, 1971). Al1 other aspects are
of relatively infrequent expression.

Chronic Endophthalmitis

Endophthalmitis is the most common form of ocular toxocariasis
(Perkins, 1966) and may in some cases be a sequel to or contemporaneous
with larval granulomatosts, either posterior or peripheral (Duguid,
1963). Most reports describe posterior segment lesions although
involvement of the anterior segment has been observed (Baldone, Clark
and Jung, 1964). Endophthalmitis may progress to vitreous haze,
subretinal exudation, and retinal detachment (Woodruff, Ashton and

Stott, 1961; Duguid, 1961a; Rey, 1962). Vitreous bands associated
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with retinal folds may also occur (Wilkinson and Welch, 1971). oOf
crucial diagnostic importance is the fact that the inflammatory mass
seen in toxocaral endophthalmitis may masquerade clinically as
retinoblastoma which also accurs most commonly in children (Wilder,
1950). Of 158 enucleations for retinoblastoma, 147 occurred in cases
of endophthalmitis (Ehrhard and Birnbaum, 1979). The mean age of cases
is 6 years 4 months (loc. cit.).

Posterior Pole Granuloma

Typically, the posterior pole granuloma is white or greyish,
solitary, well defined, and most often located in the peri-macular region,
often between the disc and the macula and sometimes in the macula. It
is on average 3 to 4 disc-diameters in size (occasionally as large as
5 to 6 diameters) and may be slightly raised in the vitreous (Ashton,
1960; Duguid, 1961b; Ashton, 1969).

Among the merits of Ashton's (1960) publication is the proposal
that if the larval granuloma can be clinically differentiated from
retinoblastoma, surgical removal should not be necessary as the "larva
in the granuloma may sooner or later die and the lesion heal by
fibrosis". Woodruff (1970) confirmed this and described eight cases
of ocular toxocariasis, diagnosed on the basis of clinical history
supported by skin test results, who did not undergo enucleation. A
five year follow-up revealed nothing suggestive of retinoblostoma.

As a result,enucleation of this form is now relatively rare. A survey
of 500 eyes of children enucleated for suspected retinoblostoma revealed
non-malignant conditions in 265 of which only 18 (3.6%) were a result
of toxocaral larval granulomatosis, this being the sixth ranked cause
of mis-dtagnosis (Howard and Ellsworth, 1965). Retinal granulomas due
to Toxocara have often been found in adults (Raistrick and Hart, 1975;

Raistrick and Hart, 1977) and it is remarkable that the mean age of
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REPORTED CASES OF OCULAR TOXOCARIASIS

No. of
Reference Year Symptoma tology Patients
Wilder 1950 Endophthalmitis 46
Benedict 1958 Endophthalmitis 1
Irvine 1959 Retinitis-peripheral 1
Ashton 1960 Granuloma-posterior pole 4
Jung and Pacheco 1960 Nodule on Iris 1
Bourke and Yeates 1961 Endophthalmitis 1
Duguid 1961a Endophthalmitis 4
Duguid 1961b Granuloma-posterior pole 18
Harris 1961 Granuloma-posterior pole 1
Snyder 1961 Retinal haemorrhage 1
Woodruff et al. 1961 Endophthalmitis 1
Rey 1962 Endpohthalmitis 1
Braun-Vallon et al. 1963 Endophthalmitis 1
Brett 1963 Endophthalmitis 1
Greer 1963 Endophthalmitis 4
Baldone et al. 1964 Iridocyclitis 1
Braun-VaTTon et al. 1964 Endophthalmitis 1
De Haan 1964 Endophthalmitis 1
Appelman et al. 1965 Iritis 1
Hogan et aTl. 1965 Granuloma-peripheral 1
Hudome 1965 Granuloma-posterior pole 1
Huntley et al. 1965 Endophthalmitis 1
Remky and Kraft 1965 Granuloma-posterior pole 2
Unsworth et al. 1965 Granuloma-posterior pole 1
Bar-Ishak and Stein 1966 Granuloma-posterior pole 1
Danis et al. 1966 Granuloma-posterior pole 1
De Buen et al. 1966 Endophthalmitis 1
Maumenee 1966 Keratitis, larva in cornea 2
Otten et al. 1966 Choroidoretinitis 1
Perkins 1966 Uveitis 15
Wanieski et al. 1966 Endophthalmitis 1
Yoshioka 1966 Endophthalmitis 1
Divisova et al. 1967 Uveitis-posterior 1
Ferguson and Olson 1967 Endophthalmitis 1
Kagan 1968 Endophthalmitis 1
Nolan 1968 Endophthalmitis 1
Rubin et al. 1968 Retinal haemorrhage 2
Van Metre 1968 Endophthalmitis 4
Wiseman and Woodruff 1968 Iridocyclitis 14
ibid. Granuloma-posterior pole 2
ibid. Uveitis 1
Zinkham 1968 Endophthalmitis 6
Ashton 1962 Endophthalmitis 41
ibid. Granuloma-posterior pole 46
Hogarth-Scott et al. 1969 Endophthalmi tis 1
Makley et al. 1969 Endophthalmitis 2

......
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TABLE 3

(Cont.)
No. of
Reference Year Symptomatology Patlanits

Bird et al. 1970 Optic neuritis 1
Hardy=-Smith et al. 1971 Anterior uveitis 1
Mullaney and Horan 1971 Endophthalmitis 1
Reese 1971 Orbital lesion 3
Wilkinson and Welch 1971 Endophthaimitis 13
ibid. Granuloma-posterior pole 10
ibid. Peripheral retinitis 18
Karel et al. 1972 Granuloma-posterior pole 1
0'Connor 1972 Sub-retinal tube 1
Kouba et al. 1973 Granuloma 3
Phillips and McKenzie 1973 Papillitis 1
Siam 1973 Granuloma-posterior pole 3
Byers and Kimura 1974 Larval embolization 1
Swartz et al. 1974 Endophthalmitis 3
Gutow et al. 1975 Granuloma (with worm tracks) 1
Raistric and Hart 1975 Granuloma-posterior pole 1
Valnickova et al. 1975 Granuloma-posterior pole 1
Raistric and Hart 1976 Retinal haemorrhage 1
ibid. 1976 Choroidoretinitis 2
Wolter et al. 1976 Granuloma (with worm tracks) 3
Hart and Ralstric 1977 Granuloma-posterior pole 8
Huismans 1977a Granuloma-posterior pole 2
Huismans 1977b Choroidoretinitis 1
Karel et al. 1977 Larva in lens capsule 1
Leisegang 1977 Nodule on Iris 1
Shields et al. 1977 Endophthalmitis 1
Zinkham 1978 Endophthalmitis 6
Schantz 1979 Endophthalmitis 5
ibid. Granuloma 12
Glickman et al. 1979 Lesion on Iris 1
Biglan et al. 1979 Endophthalmitis 2
Granuloma-peripheral 2
Vitritis 1
Total 353
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posterior pole granuloma due to Toxocara is 17 years 8 months (cf. supra)

(Ehrhard and Kernbaum, 1979).

Peripheral Granuloma

It 1s necessary to distinguish between the peripheral granuloma
discovered at enucleation in cases of chronic endophthalmitis (noted
in four of ten cases by Wilkinson and Welch in 1971), and the peripheral
granuloma visible by ophthalmoscopy in a relatively quiet eye. The
latter is usually on the peripheral retina at the equator or associated
with peripheral structures. Thus toxocariasis has become a newly
recognized aetiology of chronic cyclitis, pars planitis, and peripheral
choroidoretinitis (Ehrhard and Kernbaum, 1979). The existence of such
lesions suggests the possibility of a different route of larval invasion,
possibly via ciliary vessels rather than retinal arteries. Compared to
endophthal_mitis and posterior granuloma, peripheral granuloma is
recognized most commonly in yet an older age range (Schlaegel, 1972).
Other Forms

These include; larval embolism in retinal arterioles (Byers and
Kimura, 1974); isolated retinal haemorrhage (Rubin et al, 1968; Byers
and Kimura, 1974); papillitis (Bird, Smith and Curtin, 1970); iritis
(Jung et al, 1960, Appelmans et al, 1965); iridocyclitis (Baldone
et al, 1964; Wiseman and Woodruff, 1968; Woodruff, 1970; Smith and
Greer, 1971); keratitis (Baldone et al, 1964; Maumenee, 1965);
cataract (Karel et al, 1977); orbital lesions (Reese, 1971); pars
planitis (Ehrhard and Kernbaum,1979); larva in lens (Karel et al,1977).
Hypotheses

Contrasts between the clinical features of ocular and visceral

toxocariasis have posed many questions for which various explanations

have been offered.
Woodruff (1970) suggests that ocular toxocariasis is predominantly
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unilateral since the possibility of larvae entering both eyes must be

small even in heavy infestations. Woodruff (1964) also points out that

the predeliction of the parasite for the eye is more apparent than real.

If a Toxocara larva should enter the eye by chance, it is 1ikely to cause

damage which will result in symptoms leading to a precise histologic

diagnosis whereas if the larva is held elsewhere it is less likely to

give rise to any specific symptoms leading to recognition.

Ashton (1967) postulates that the larvae ,with a diameter of

18-21 p.,are readily able to pass through the central retinal artery

(diameter 100 ;1 near the disc) and are trapped near the posterior pole

within small arterioles of 20 y in calibre (especially those temporal to

the disc in the macular region) or they are swept on to be impacted at
the retinal periphery.

Mok (1968) speculates that after leaving the retinal vessel "the
larva commonly burrows from the retina into the vitreous inducing the
formation of granulation tissue on the retinal surface. The larva
attracts eosinophils, epitheleoid cells, giant cells, lymphocytes and
plasma cells in different proportions.

To explain why ocular toxocariasis is usually manifested either by
chronic endophthalmitis or by retinal granuloma (or a process in
evolution between the two) Duguid (1963) proposed that the former occurs
in the non-immune host with high “tissue sensitivity" in which the larva
passes rapidly into the eye and causes damage leading to chronic

inflammation, exudation, retinal detachment, etc. In contrast the

retinal granuloma is the response of an immune host with low tissue

sensitivity and high resistance to the larva. The granuloma is seen as

a foreign body reaction healing by fibrosis in analogy with tuberculosis.

Elegant work by Kayes and Adams (1978) chronicling the development of

persistent toxocaral granulomas suggests strongly that these are Type IV
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hypersensitivity reactions (Gell, Coombs, and Lachmann,1975) to 1iving

worms and evidence of cell mediated immunity. Wilkinson and Welch

(1971) suggest that the site of the lesion is determined by chance and
that the observed differences in clinical form are secondary to
variations in nematode activity and host response. Ehrhard and Kernbaum
(1979) provide circumstantial evidence and reasoned argument to indicate
that chronic endophthalmitis occurs in response to a dead larva while
retinal granuloma is the response to a living larva or its products.

It now appears that further clinical studies of natural ocular
infections in man are unlikely to offer new insights regarding

pathogenesis. To examine these speculations critically, an experimental

animal model for ocular toxocariasis must be developed.

In summary, the body of literature describing the natural history of
toxocaral infection in definitive and paratenic hosts is extensive. Within

this, particular attention has been focused on the visceral and ocular

But commensurate with

manifestations of toxocaral disease in man.
knowledge gained from past studies is a lengthening 1ist of new questions:
does age resistance to patent toxocaral infection in young canidae have

an immunological basis? Is the epidemiology of human toxocariasis related

to the size of dog populations or to the persistance and survival of
larvated ova in sofl1? Are cats a significant source of human toxocariasis?
How long do toxocaral larvae persist in human tissues? What is the Tlocal
and world-wide period prevalence of human toxocariasis? Are particular

sub-populations at higher risk? Is toxocariasis an unrecognized cause of

eosinophilia and hepatomegaly in the tropics? What is the nature and




55

extent of association between toxocariasis and other disease entities
such as asthma, epilepsy, poliomyelitis, multiple sclerosis etc.?

Why do visceral and ocular toxocariasis appear to be c¢linically distinct

entities? Is ocular toxocariasis (granuloma vs. endophthalmitis) an

expression of altered immunoreactivity to Toxocara? Does congenital
toxocariasis occur in man?

It is conceivable that the answers to these and similar problems
could be efficiently sought through the careful use of serodiagnostic
and seroepidemiologic information. The following section reviews

the current ‘state of the art' of toxocariasis serology.
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E. Immunoassays for Toxocariasis

The serology of toxocariasis has been a field of constant activity

since 1960,

The large number of publications reflects both the need
for such procedures and perhaps the unsatisfactory outcome of much of
this research. As yet there is no standard procedure iccepted
internationally as the test of choice or reference. An analysis of the
complete literature 1s provided in Table 4 indicating the assay used,
the source and nature of the antigen employed, and the final application
of the method. It is readily apparent that few procedures have evolved
beyond the research stage to application in either immunodiagnosis or
seroepidemiology. Historically, this lack of success has lead to a
proliferation of reports describing essentially the same type of antigen
used in a panopoly of methods. Unfortunately, relatively little effort
was devoted to the investigation of alternative sources of antigen.

il Immunodiagnosis

Immunoreactivity to Toxocara has been measured by a variety of
assays exemplified by the following works: Agglutination (Fellers,
1953) ; immunodiffusion (Kagan,1957); bentonite flocculation (Sadun,
Norman and Allain, 1957); haemagglutination (Jung and Pacheco, 1958;
Kagan, Norman and Allain, 1959; Krupp, 1974; de Savigny and Tizard,
1977); in vitro larval precipitate test (Olson, 1960; Lamina, 1970);
Schultz-Dale test (Sharp and Olson, 1961); direct cutaneous anaphylaxsis
for delayed hypersensitivity (Duguid, 1961b); direct cutaneous
anaphylaxis for immediate hypersensitivity (Woodruff, Thacker and Shah,
1961b); passive cutaneous anaphylaxis (Ivey, 1965); direct
immunofluorescence (Hogarth-Scott, 1966); indirect immunofluorescence
Bisseru and Woodvruff, 1968); Prausnitz-Klistner reaction (Dobson, Campbell
and Webb, 1967); immunoelectrophoresis (Jeska, 1967a,b); complement

fixation (Fernando, 1968a,c,) conglutinating complement absorption test
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(Fernando and Soulsby, 1974); Soluble antigen fluorescent antibody
assay (de Savigny and Tizard, 1977); paper radioimnunosorbent assay
(Girdwood, Smith, Bruce, and Quinn, 1978); enzyme-linked immunosorbent
assay (de Savigny and Voller, 1978; Glickman, Schantz, Dombroske and
Cypess, 1978; de Savigny, Voller and Woodruff, 1979); immunoradiometric
assay (de Savigny and Voller, 1979).

A more detailed analysis of some key papers is provided in Table 5;
contributions being selected not exclusively for their scientific

merit (deficient in some) but also for their historical impact on the
Each of the assays described in Table 5

direction of subsequent work.

has been used in national reference diagnosis for toxocariasis. Some of

these and other works are discussed below with a view to highlighting

the problems encountered and the changes in approach which have evolved,

Applications Using Somatic Antigen

Historically, Fellers (1953) was first to report the use of a

serologic technique to detect circulating antibody to Toxocara canis.

At a time when relatively sophisticated serological technigues for

other parasitic diseases were in use (eg. Sabin and Feldman, 1948), this

initial approach was perhaps optimistically simple. "Pulverized"

fragments of adult 7. canis were tested for agglutination in the serum of

a patient with toxocariasis. Although the result was positive, no

specificity was demonstrated and normal sera were not investigated.

Heiner and Kevy (1956) used a saline extract of emulsified adult

toxocaral worms as antigen in immunodiffusion tests by which precipitin

lines were demonstrated with the serum of three children with toxocariasis

but not three other family members or two other patients tested.

Sadun, Norman and Allain in 1957 described the use of bentonite

flocculation, complement fixation, and precipitin tests using an

acid-soluble protein fraction (according to Melcher, 1943) of adult
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Toxocara worms as a source of antigen. Flocculation was the most

reproducible of the three tests and detected antibody two to three weeks
after experimental high-dose infections in rabbits. No cross-reaction
could be demonstrated in humans and animals infected or immunized with
various viruses, rickettsiae,bacteria, protozoa, and helminths with

the exception of Ascaris, Clonorchis and Echinococcus. Sensitivity was

Tow, flocculation being reactive in only six of 24 children having high
eosinophilia and symptoms comparable to those of toxocariasis, and
in only one of three monkeys infected with 900,000 T. canis
embryonated eggs.

Kagan, Norman, and Allain (1959) proceded to study the use of the
tannic acid haemagglutination and bentonite flocculation tests using

as antigen Toxocara and Ascaris; a) whole worm and isolated tissue

saline extracts; b) polysaccharide whole worm and tissue antigens
prepared by ethanol fractionation; and c) a protein antigen prepared
by the method of Melcher (1943). Al1l but two of the 14 antigens isolated
had serologic activity; however no specificity could be demonstrated.
Despite their deficiencies, these haemagglutination and bentonite
flocculation tests using adult somatic antigens have formed the basis
of the national reference test for toxocariasis at the Communicable
Disease Center of the US Public Health Service, Atlanta, until as
recently as 1978,

Jung and Pacheco (1960) used an ethanol extract of adult T. canis
and A. lumbricoides worms in a tannic acid haemagglutination test and

were able to demonstrate titers for either Toxocara and/or Ascaris

antibody above 1:80 in 79.3% of 29 cases of toxocariasis. However

10% of healthy controls also had titers greater than 1:80.
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Toxocara worms as a source of antigen. Flocculation was the most

reproducible of the three tests and detected antibody two to three weeks

after experimental high-dose infections in rabbits. No cross-reaction
could be demonstrated in humans and animals infected or immunized with
various viruses, rickettsiae,bacteria, protozoa, and helminths with

the exception of Ascaris, Clonorchis and Echinococcus. Sensitivity was

low, flocculation being reactive in only six of 24 children having high
eosinophilia and symptoms comparable to those of toxocariasis, and
in only one of three monkeys infected with 900,000 T. canis
embryonated eggs.

Kagan, Norman, and Allain (1959) proceded to study the use of the
tannic acid haemagglutination and bentonite flocculation tests using

as antigen Toxocara and Ascaris; a) whole worm and isolated tissue

saline extracts; b) polysaccharide whole worm and tissue antigens
prepared by ethanol fractionation; and c¢) a protein antigen prepared
by the method of Melcher (1943). A1l but two of the 14 antigens isolated
had serologic activity; however no specificity could be demonstrated.
Despite their deficiencies, these haemagglutination and bentonite
flocculation tests using adult somatic antigens have formed the basis
of the national reference test for toxocariasis at the Communicable
Disease Center of the US Public Health Service, Atlanta, until as
recently as 1978,

Jung and Pacheco (1960) used an ethanol extract of adult T, canis
and A. lumbricoides warms in a tannic acid haemagglutination test and
were able to demonstrate titers for either Toxocara and/or Ascaris
antibody above 1:80 in 79.3% of 29 cases of toxocariasis. However

10% of healthy controls also had titers greater than 1:80.
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Vinke (1962) evaluated Jung and Pacheco's Toxocara and Ascaris

haemagglutination antigens by testing 197 persons in Curagao. It was

concluded that "these antigens were not reliable in the diagnosis of
larva migrans infections".
In 1963 Huntley and Mooreland described gel diffusion studies

with extracts of adult Toxocara and Ascaris worms. Nine antigenic

components were demonstrated in Toxocara of which five were common
with those of Ascaris. In human toxocariasis, two of three cases
showed precipitins to Toxocara antigen while one of one case of Ascaris
infection also showed precipitins to this antigen.

Woodruff et al. (1964) reported the use of an intradermal skin
test using an aqueous extract of dried adult T. canis to measure Type I
(immediate type) hypersensitivity. At an antigen dilution of 1:1000 no
cross-reactions were observed.

Mitchell (1964) described an indirect fluorescent antibody test
using formalin fixed second-stage T. canis larvae as antigen. In
T. canis infected animals specific antibody appeared within two weeks.

A weak reaction with anti-Ascaris sera appeared after repeated infection,
Sera from a group of rabbits and monkeys immunized or infected with
various bacterial, viral and parasitic antigens gave no reaction.
Suspected human cases of toxocariasis were not tested, however 35% of
normal adult blood donors gave a significant reaction in the test,

Jeska (1967) analysed the antigens of Toxocara canis and detected,
by immuno-diffusion, 40 components in the adult worm, some of which were
shared with larval stages.

Fernando (1968a) reported a singificant rise in heterophile antibody
levels in rabbits after challenge infection of 100,000 T. canis preceded
by an initial infection of 1200 T. canis two weeks previously. Forssman

antigen was present in eggs and in adult intestine but not in the cuticle.
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Vinke (1962) evaluated Jung and Pacheco's Toxocara and Ascaris

haemagglutination antigens by testing 197 persons in Curagao. It was
concluded that "these antigens were not reliable in the diagnosis of
larva migrans infections",

In 1963 Huntley and Mooreland described gel diffusion studies

with extracts of adult Toxocara and Ascaris worms. Nine antigenic

components were demonstrated in Toxocara of which five wcre common
with those of Ascaris. In human toxocariasis, two of three cases
showed precipitins to Toxocara antigen while one of one case of Ascaris
infection also showed precipitins to this antigen.

Woodruff et al. (1964) reported the use of an intradermal skin
test using an aqueous extract of dried adult T. canis to measure Type I
(immediate type) hypersensitivity. At an antigen dilution of 1:1000 no
cross-reactions were observed.

Mitchell (1964) described an indirect fluorescent antibody test
using formalin fixed second-stage T. canis larvae as antigen. In
T. canis infected animals specific antibody appeared within two weeks.

A weak reaction with anti-Ascaris sera appeared after repeated infection.
Sera from a group of rabbits and monkeys immunized or infected with
various bacterial, viral and parasitic antigens gave no reaction,
Suspected human cases of toxocariasis were not tested, however 35% of
normal adult blood donors gave a significant reaction in the test.

Jeska (1967) analysed the antigens of Toxocara canis and detected,
by immuno-diffusion, 40 components in the adult worm, some of which were
shared with larval stages.

Fernando (1968a) reported a singificant rise in heterophile antibody
levels in rabbits after challenge infection of 100,000 T. canis preceded
by an inftial infection of 1200 T. canis two weeks previously. Forssman

antigen was present in eggs and in adult intestine but not in the cuticle.




60

In these animals (Fernando, 1968b) serum precipitins detected by agar
gel diffusion were reactive with two antigens. It was shown that saline
extracts of adult T. canis were deficient in at least three antigenic
components present in extracts of infective ova.

In a review of toxocaral serodiagnosis, Kagan (1968) discussed the
failures and suggested that "first, there may be no antibody in the
serum during the chronic stages of visceral larva migrans; second, the
antigens employed for diagnosis may not be sufficiently sensitive".

It is significant that Kagan failed to identify antigen specifity as
contributory.

In another review of the work to 1968 Soulsby (1968) restated the
fact that only second-stage larvae of T. canis were responsible for
toxocariasis in man but that antigens from the adult stage had been used
in diagnosis. This author warned that such antigens were "relatively
unpurified and 1iberal interpretation of reactions obtained with them
should be guarded against".

Bisseru and Woodruff (1968) developed an indirect fluorescent
antibody test using second-stage T. canis larvae as antigen. Reactive
results showed fluorescence of the cuticle as well as fluorescent
precipitates at the larval orifices. Cross-reactions were noted with

Agcaris lumbricoides and subsequent absorption of reactive sera with

Ascaris antigen was necessary. No cross-reactivity with other helminths
was observed, Of normal, skin test negative, adults, 18.5% reacted
positively while 34.5% of 29 patients with toxocariasis (clinical
diagnosis with positive skin test) reacted positively,

Investigations using adult stage antigens and even heterologous
species continued. Oliver-Gonzalez et al. (1969) analysed the serologic
activity of adult Ascaris suum perienteric fluid fractionated with

Sephadex G-200 and purified by cellulose acetate electrophoresis. Using
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this antigen in tannic acid-indirect haemagglutination tests, 95% of
children with presumed toxocaral visceral larva migrans were reactive.
However 65% of adults from an ascaris endemic area also were reactive.

Hogarth-Scott, Johansson, and Bennich (1969) on examining the sera
from 26 patients with clinical histories suggestive of toxocariasis
demonstrated Toxocara reactive homocytotropt¢ antibody as measured by
passive cutaneous anaphylaxis in baboons. There was complete correlation
between the presence of homocytotropic antibody and a 10- to 15-fold
increase in serum levels of IgE,

Fernando,Vasudevan, Hamza, Pandithagunawardene and Samarasinghe
(1970) studied precipitin reactions in monkeys (Macaca sinica)
experimentally infected with T. canis and in children with suspected
toxocariasis. Using saline extracts of adult and embryonated ova of

T. canis and A. lumbricoides as antigen, these authors found four to

five genus-specific antigens predominantly in the embryonated ova extract,

and one antigen common to both genera. Of 53 children with the

visceral larva migrans syndrome, ten had precipitin reactions specific

for T. canis, the same ten showed precipitin reactions for the common

group specific antigen, and seven reacted only with Ascaris antigen.
Wiseman and Woodruff in 1970 released an evaluation of their skin

test for immediate hypersensitivity to Toxocara adult worm antigen.

A1l of nine patients with proved toxocaral infection were reactive;

of 122 with proved non-toxocaral helminthiases, 2.5% were reactive.
Aljeboori and Ivey (1970) described an improved indirect

micro-haemagglutination test for detecting anti-Toxocara antibody in

which they demonstrated crude larval or egg antigens to be more sensitive

than adult antigens as indicators of antibody. Antibody was detected

in experimentally infected baboons within one week, reached peak titers

in two to three weeks and remained detectable for six to seven months,
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Cross-reactions occurred with Ascaris suum infected baboons; however,
encouraged by the sensitivity of the larval antigen these workers
suggested that "attempts should be make to isolate specific antigens
from the larval stage". Sera from cases of human toxocariasis were
not tested by this method.

Lamina (1970a) used saline extracts of adult T. canis and various
ascarids and could demonstrate no specific results by immunodiffusion.

Ball, Voller, and Taffs (1971) took advantage of accurately known
histories of three patients to evaluate immediate and delayed skin

sensitivity to extracts of T. canis, A. suum, and Necator americanus.

Crude adult Toxocara antigen cross-reacted with Ascaris and Necator

antigens and these authors recommended caution in the interpretation of
both reactive and non-reactive resulits in the T. canis skin test.
“A positive response may not be specific, and a negative response may
indicate only that the infecting dose was below the threshold for the
test or that infection occurred too recently or too long ago".
Beaufine-Ducrocq, Couzineau, Beauvais and Lariviere (1971)
described an imaginative technique whereby embryonated eggs of T. canis
were placed in a small section of washed hamster intestine, tied at each
end, wrapped in hamster muscle, frozen at -20°C. sectioned by cryostat,
and stored at -20°C. Immunofluorescence studies using Evans Blue as
a counterstain showed titers of 160, 320, and 640 in three suspected
cases of toxocariasis. Titers of A. lumbricoides carriers were not
greater than 40.
Krupp (1974) examined sera collected from 237 patients with
possible toxocartasis from areas within the U.S. using an indirect
haemagglutination test with adult and larval Toxocara antigens. Of these,

35% were reactive while 5% (one of 19) were reactive in the uninfected

control group.
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Viens, Strykowski, Richards and Sonea (1975) described an indirect

fluorescent antibody test using T. canis larvae sectioned in hamster

muscle according to Beaufine-Ducrocq et al. (1971) but found absorption
of test sera was necessary to avoid cross-reaction with ascariasis.
Relatively 1ittle effort has been devoted to the investigation of
cell mediated immunity (CMI) in toxocariasis even though i1t is thought
that such responses are more specific than humoral manifestations
(Potaro, Kowalski, Howell and Ash, 1977). Wong, Embil and Ozere (1976)
examined macrophage migration inhibition and lymphocyte transfromation
using a crude extract of embryonated ova as antigen. Cross-reaction

occurred between Toxocara and Ascaris. Regarding CMI, it is noteworthy

that the intradermal skin tests used by Duguid (1961b) and Khalil et al.
(1971, 1976a, 1976b) measured Type IV (delayed) hypersensitivity to
toxocaral antigens, however neither of these authors discussed the
significance of this aspect.

Cypess and Glickman (1976) working in New York were first to report
use of the enzyme-linked immunosorbent assay (ELISA) for toxocariasis.
These authors used a crude extract of embryonated T. canis ova but
found that absorption of all test sera with Ascaris antigens was
necessary to avoid non-specific results, Nevertheless 18% of healthy
adults were positive. Cypess et al. (1977) later showed that the
presence of C-reactive protein (CRP) in patients' sera could lead to
false positives in this and other assays for toxocariasis using antigen
prepared from ova. Despite these deficiencies, ELISA using somatic egg

antigen was introduced as the reference diagnostic test at the U.S,

Public Health Service, Communicable Disease Center (CDC) Atlanta in

977.

Speiser and Weiss (1979) evaluated ELISA using toxocaral egg antigen

obtained from the CDC and found extensive cross-reactivity with
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filariasis and minor cross-reactivity with ascariasis, ancylostomiasis,

strongyloidiasis, and echinococc 0 sis.

At the present time, although genus specific antigens have been
identified in somatic tissues of Toxocara spp.(Jeska, 1969) the technical
problems associated with their isolation and purification from the
mixture of predominantly shared antigens have not been solved. Thus
after two decades, no genus-specific immunoassays using somatic antigens
are available for toxocariasis.

Following the development of in vitro cultivation for Toxocara canis
larvae (de Savigny, 1975) the further introduction of techniques using
toxocaral somatic antigens declined dramatically in favour of assays
using in vitro derived secretory antigens (Table 4).

Applications using Secretory Antigen

In 1960, Olson, aside from being the first to use larval stages of
T. canis as antigen, was also credited with the first use of "metabolic"
antigen. The system employed was the in vitro larval precipitate test
in which 1iving, second-stage toxocaral larvae, obtained from the liver
and lungs of experimentally infected mice, were incubated at 37°C in a
wax-sealed, hanging drop preparation of patients serum. The
preparations were observed after 24 hours for the presence of immune
precipitates of metabolite (excretions and secretions) adherent to the
pores of 1iving larvae. Sera of seven of 17 children with clinical
histories syggestive of toxocariasis were reactive by this test. One

of three patients with Ascaris infection was reactive.

Hogarth-Scott (1966) described a direct immunofluorescent technique

for the demonstration of antibody to the excretory and secretory antigens

of second-stage T. canis, T. cati, and Toxascaris leonina larvae,

Living, artificially hatched, second-stage larvae of these parasites

were incubated in fluorescein-conjugated human sera and sera from




experimentally infected animals. The preparations were observed for
the presence of fluorescent precipitates at the oral, anal and
excretory pores. Intra-genus cross-reactions were detected between

T. canis and T. cati larvae, however no reaction was observed with

Toxascaris leonina in either the homologous or heterologous systems.

No reaction occurred in sera from a clinically normal human group.
Approximately 29% of sera from patients suspected of previous clinical
visceral larva migrans were found to reactpositively by this test.
Hosoi (1969) studied the antigenic activity of somatic antigen
from saline extracts of freeze-dried adult 7. canis worms and the
excretory and secretory antigen prepared from adult maintenance medium.
Haemagglutination titres with homologous rabbit antisera were 5,120
for somatic antigen and 20,480 for secretory antigen. Immunoelectrophoresis
of secretory antigen versus homologous antibody revealed only two components.
Lamina (1970b) reported the third application of an in vitro larval
precipitate test in which living T. canis larvae were placed in serum

from guinea pigs infected with T. canis, T. cati, Ascaris suum, and

Parascaris equorum. This test system showed genus-specific results

and detected specific anti-Toxocara excretion-secretion antibody six
days post-infection and continued to detect antibody for at least
199 days.

Diconza (1972) characterized rat precipitins to T. canis larval
secretory and somatic antigens. larval precipitating antibodies were
present in rats between 21 and 183 days post-infection with 1000
T. canis ova. The precipitins were stable at heating to 60°C for one
hour. G-200 and DEAE-cellulose fractionated precipitins were stable at
70°C for 15 minutes and resistant to 2-mercaptoethanol,
Immunoelectrophoretic analysis of serum fractions indicated that the

fraction containing fast 7S globulin was primarily responsible for




precipitin activity.

In the fifteen years following the discovery of toxocaral
secretory antigen, despite promising specificity and sensitivity,
no routine diagnostic or epidemiologic applications of these antigens
emerged because of the impracticality of demonstrating labelled or

unlabelled immunoprecipitates at the orifices of live parasites. However,

in 1975 de Savigny reported the development of an in vitro culture

method whereby Toxocara larvae could be maintained as infective
second-stage larvae in a synthetic, chemically defined medium. Using
this system, a simple procedure was described for edracting genus-
specific larval secretory antigens in pure form.

de Savigny and Tizard (1975, 1977) described the first use of
in vitro derived nematode secretory antigens in conventional serologic
techniques; haemagglutination and soluble antigen fluorescent antibody
(SAFA). Both assays were highly sensitive, detecting antibody in
experimentally infected animals within nine days of infection, in
animals infected with as few as ten larvae, and in 85% of cases of
suspected toxocariasis in man. Specificity at the genus level was
established and reproducibility was satisfactory. The haemagglutination
test using secretory antigen was subsequently introduced by the Ontario
Ministry of Health as the reference diagnostic test for toxocariasis
in Canada.

Stevenson and Jacobs (1977) compared the performance of toxocaral
somatic antigens (in indirect fluorescent antibody assays) with that of
secretory antigens (in in vitro larval precipitate tests) in experimental

infections of pigs with Ascaris suum, Toxocara canis, T. cati,

Toxascaris leonina and Parascaris equorum. Results confirmed the

genus-specific characteristics of secretory antigen and permitted use of

the in vitro larval precipitate test in the investigation of toxocariasis




in a pig population in which ascariasis was endemic (Stevenson, 1979).
de Savigny and Voller (1978) and de Savigny, Voller and Woodruff
(1979) described the application of secretory antigens in the indirect
enzyme-linked immunosorbent assay (ELISA) and reported high degrees of
sensitivity, specificity, reproducibility, and antigen efficiency
(further described in this thesis) and recommended its use in central
reference immunodiagnosis and in seroepidemiology.
In Scotland, Girdwood et al. (1978) reported the application of
in vitro culture derived, toxocaral secretory antigen in the paper
radio-immunosorbent test (PRIST) and found no cross-recations in any of
16 helminthic infections tested.

In the USSR, Ignashenkova, Yampolskaya, Ermolin, and Lysenko (1978)
and Yampikkaya, Ermolin and Lysenko (1978) independently evaluated the
Toxocara ELISA of de Savigny and Voller (1978), confirmed the absence
of cross-reactions with ascariasis, echinococcosis and other parasitic
diseases, and recommended it for clinical use. Yampolskaya and
Ignashenkova (1979) further demonstrated the usefuliness of this assay
in seroepidemiologic studies (see E.2.).

In Canada, Yang and Kennedy (1979) compared the secretory antigen
Toxocara ELISA to the haemagglutination reference test using the same
antigen and found superior sensitivity by ELISA with no loss of
specificity. There were no cross-reactions with ascariasis, trichinosis,
or echinococcosis.

de Savigny and Voller (1979) devised an immunoradiometric assay
(IRMA) for toxocariasis using secretory antigen but did not achieve any
further increase of sensitivity compared to ELISA,

The practical aspects and rationale of the use of nematode secretory

antigens in immunodiagnosis have been reviewed recently by de Savigny

(1979).




The foregoing illustrates the spectrum of escalating technological
sophistication which has been applied to the immunodiagnosis of
toxocariasis. The analysis in Table 5 of several applications
represents a cross-section of this spectrum and highlights many of the
difficulties encountered by serologists when attempting to evaluate
assay performance. Sensitivity, defined as the proportion of
specifically diseased (or infected) individuals found positive by the
assay (Martin, 1977) can rarely be determined with accuracy because
the criteria which constitute clinically diagnosed toxocariasis have not
been standardized and definitive parasitological diagnoses are generally
not available. Relatively few authors have estimated the sensitivity
of their applications or stated the criteria used for clinical diagnosis,
thus, meaningful comparisons cannot be made. Specificity, defined as
the proportion of healthy individuals found negative by the assay, can
also be misieading because the prevalence of subclinical toxocariasis
may vary between and among populations. Again, many of the proposed
methods in the literature have neglected the examination of specificity
in this way or have tested only very small samples. Similar criticisms
of much of the 11terature can be raised concerning the search for cross-
reactivity with other helminthiasis. However, cross-reactions when
encountered are, to a degree, presumptive, since any patient who has
acquired toxocariasis is perhaps more likely than “normal" controls

to have acquired other geohelminthic infections concurreantly. A further
difficult feature in the evaluation of these assays is the general lack

of any critical assessment of reproducibility.
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Author

Year

Assay

Antigen

Stage(s) Somatic Secretory

Use

Direct Cutaneous Anaphylaxis

Jung & Pacheco
Sprent & English
Duguid

Sharp & Olson
Duguid

Woodruff et al.
Woodruffet al.
Dobson et al.
Wiseman & Woodruff
Bisseru

Wiseman et al.
Wiseman et al.
Woodruff & Bradstreet
Wiseman et al.
Bradford

Wiseman & Woodruff
Ball et al.

Khalil et al.
Wiseman & Woodruff
Collins & lIvey
Hogarth-Scott & Feerey
Khalil et al.
Khalil et al.

Passive Cutaneous Anaphylaxis

Ivey

Ivey & Slanga
Dobson et al.
Hogarth-Scott
lvey

Takeucht

1958 ITH
1958 ITH
1961b  DTH
1962 ITH
1963 DTH
1964 1TH
1966 ITH
1967 ITH
1967 ITH
1968 ITH
1968a ITH
1968b ITH
1968 ITH
1969 1TH
1970 ITH
1970 ITH
1971 ITH,DTH
197N DTH
197 ITH
1975a ITH
1976 ITH
1976a,b DTH
1979 DTH
1965 PCA
1965 PCA
1967 PCA
1967 PCA
1967 PCA

1970 PCA,ART

TERTIARY ASSAYS

Adult.L2
Adult

Adu]t,L1
it

Adult.L1
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult.L]
Adult
Adu‘lt.L2
Adult,
Adu]t.L1
Adult,L,

Adult
Adult
Adult
Adult
Adult
Adult

*k

L 2

*k

L2 2 ]

drded

drkede

*&

hw

*k

hh

ik

ik

* % * *

* %
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TABLE 4

(Cont.)
Author Year Assay Antigen Use

Stage(s) Somatic Secretory
Collins & Ivey 1975b PCA Adu]t.L2 ® *
Hogarth-Scott & Feerey 1976 PCA Adult ) b
Daffala 1978 PCA  Adult ® *
Schultz-Dale Test
Sharp & Olson 1961 S-D L2 L) x
Sharp & Olson 1962 S-D L2 a *
Olson & Sharp 1963 S-D Ova L] w
Olson & Sharp 1963 S-D Ova L ®

Precipitin Reactions

Heiner & Kevy
Kagan

Sadun et al.

Jung & Pacheco
Huntley & Moreland
Ivey & Slanga
Ivey

Jeska

Jeska

Capron

Fernando
Perimutter et al.
Jalayer

Jeska

Takeuchi

Fernando et al.
Lamina

Khalil et al.
Fernando & Soulsby
Lamina

Dafalla

SECONDARY ASSAYS

1956
1957
1957
1958
1963
1965
1965
1967a 1
1967b 1
1968
1968b,c
1968
1969
1969
1970
1970
1970
1971
1974
1974
1975

1D
10
1D
1D
1D
ID
ID
D,IEP
D,IEP
1D
10
10
1D
ID
RPT
1]
10
ID
1D
ID
CPT

Adult
Adult,Ova
Adult, Ova
Adult.L2
Adult
Adult
Adult
Adult
Adul t,Ova
Adult
Adul t,0va
Adu]t.Lz
Adult
Adult
Adult
Adul t,0va
Adult
Adult
Adult
Adult
Adult

© 0 0 06006 00 006 006000 0 00 0 020
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TABLE 4
(Cont.)

Antigen

Author Year Assay Use
Stage(s) Somatic Secretory

Zheleva 1975 ID,IEP Adult e L
Khalil et al. 1976a,b PAT Adult ® Wk
Triboulez-Duret et al. 1976 ID Adult ° 3
Zyngier 1976 ID  Adult ® *
Cypess et al. 1977 ID Adult,Ova e =
Enayat & Pezeshki 1977 CIEP Adult e *
Girdwood et al. 1978  CIEP L, A -
Glickman et al. 1978 1D Adult e *
Khalil et al. 1978 PAT  Adult ® e
In Vitro Larval Precipitate Test
Olson 1960 IVLP L2 & L
Richards et al. 1962 IVLP L, & =
Sharp & Olson 1963 IVLP L2 a~
Lamina 1968 IVLP L, a
Jalayer 1969 IVLP L2 A
Lamina 1970 IVLP L2 - bl
Diconza 1972 IVLP L, &
Fernando & Soulsby 1974 IVLP L2 S
Lamina 1974 IvLp L, - o
Stevenson & Jacobs 1976 IvVLP L2 A e
Stevenson & Jacobs 1977 IVLP Ly A s
Stevenson 1979 IVLP Ly A Rk
Agglutination
Fellers 1953 AGG  Adult e
Sadun et al. 1957 BF  Adult,Ova L]
Jung & Pacheco 1958 IHA  Adult,lL, e
Kagan et al. 1959 BF,IHA Adult ® i
Jung & Guillermo 1960 IHA  Adult L *
Vinke et al. 1962 IHA  Adult ® i
Vinke et al. 1964 IHA  Adult L] L7 ]
Ivey & Slanga 1965 BF,IHA Adult ® b
Ivey 1965 IHA  Adult ® *
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TABLE 4
(Cont.)

Antigen

Author Year Assay Use
Stage(s) Somatic Secretory

Zheleva 1975 1D,IEP Adult ) *
Khalil et al. 1976a,b PAT Adult ° ek
Triboulez-Duret et al. 1976 ID Adult L =
Zyngier 1976 ID Adult ® x
Cypess et al. 1977 ID  Adult,Ova o i
Enayat & Pezeshki 1977 CIEP Adult [ ] *
Girdwood et al. 1978 CIEP Ly A *
Glickman et al. 1978 ID  Adult ° »
Khalil et al. 1978 PAT  Adult ® Wi
In Vitro Larval Precipitate Test
Olson 1960 IVLP L2 A *
Richards et al. 1962 IVLP L, A ax
Sharp & Olson 1963 1vLe L2 A =
Lamina 1968 IVLP L, A e
Jalayer 1969 IVLP L, A &
Lamina 1970 IVLP L, 4 i
Diconza 1972 IVLP L, A &
Fernando & Soulsby 1974 IvLp L2 A
Lamina 1974 IVLP L2 A L5
Stevenson & Jacobs 1976 IVLP L2 A b
Stevenson & Jacobs 1977 IVLP L, A ok
Stevenson 1979 IVLP Ly A LI
Aaglutination
Fellers 1953 AGG Adult e O o
Sadun et al. 1957 BF  Adult,Ova °
Jung & Pacheco 1958 IHA  Adult,l, CJ *
Kagan et al. 1959 BF,IHA Adult L ik
Jung & Guillermo 1960 IHA  Adult L J L
Vinke et al. 1962 IHA  Adult ° Lt
Vinke et al. 1964 IHA  Adult ° b
Ivey & Slanga 1965 BF,IHA Adult ® 4
Ivey 1965 IHA  Adult ® o
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TABLE 4
(Cont.)

Author Year  Assay Antigen Use
Stage(s) Somatic Secretory
Wood et al. 1965 IHA  Adult ) o
Jeska 1967a IHA Adult e
Hoso1 1969a,b IHA Adult ®
Aljeboori & Ivey 1970 IHA  Adult,L, ®
Krupp 1974 IHA L, h L 7
de Savigny & Tizard 1975 THA L2 .
de Savigny & Yang 1976 THA L2 L
Hogarth-Scott & Feerey 1976 IHA  Adult ® >
Triboulez-Duret et al. 1976 IHA  Adult °
Zheleva 1976 IHA  Adult )
Zyngier 1976 IHA  Adult L] e
de Savigny & Tizard 1977 THA Lz ® *k
Enayat & Pezeshki 1977 IHA  Adult ®
Glickman et al. 1978 IHA  Adult )
Complement Fixation
Sadun et al. 1957 CF Adult,Ova ) x
Fernando 1968a,c CF Adult,Ova ® !
Jalayer 1969 CF Adult ® *
Fernando & Soulsby 1974 CCAT  Adult ® *
Triboulez-Duret et al. 1976 CF  Adult ® &
Zyngier 1976 CF Adult ® *
Ruitenberg et al. 1976 CF Adult o =
PRIMARY ASSAYS
Immunofluorescence Assay
Mitchell 1964 IFA L, ®
Hogarth-Scott 1966 FA L2
Bisseru & Woodruff 1968 IFA L2,Ova ® o *¥
Hogarth-Scott et al. 1969 FA L, ®
Baufine-Ducroq et al. 1971 IFA Ova L >
Brown 1972 IFA L, ® e
Tettamanti et al. 1972 IFA L,
Baufine-Ducrog et al. 1973 IFA Ova L4
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TABLE 4
(Cont.)

Antigen

Authors Year Assay —Use
Stage(s) Somatic Secretory

Garrow & Kane 1973 IFA L2 ® O i
Kane 1973 IFA Ova °
Annen et al. 1975 IFA L2 ® o
de Savigny & Tizard 1975 SAFA L2 &
Viens et al. 1975 IFA Lz ® o bk
de Savigny & Yang 1976  SAFA L2 A Rk
Ruitenberg & Buys 1976 IFA Adult (o} *
Beggs 1977 IFA L2 o] bl
de Savigny & Tizard 1977  SAFA L2 4 o
Jacobs et al. 1977 IFA L2 ® O Fekek
Viens 1977 IFA L2 ® O Fekek
Girdwood et al. 1978 IFA L2 A X
Weiland et al. 1978 IFA Adult.L2 ® O
Welch & Dobson 1978 IFA  Adult L
Speiser & Weiss 1979 IFA L2 ® O
Welch et al. 1979 IFA L2 ® kk
Immunoenzymoassay
Cypess & Glickman 1976 ELISA Ova L L
Cypess et al. 1977 ELISA Ova . ot
Glickman & Cypess 1977 ELISA Ova . i
de Savigny & Volier 1978 ELISA L2 - =
Woodruff et al. 1978 ELISA L2 - hES
Weiland et al. 1978 ELISA Adu]t.L2 @
Glickman et al. 1978 ELISA Ova @
Ignashenkova et al. 1978 ELISA l.2 A
Yampolskaya et al. 1978 ELISA L, A i)
Schantz et al. 1978 ELISA Ova . e
de Savigny et al. 1979 ELISA Ly - "
Glickman et al. 1979a,bELISA  Ova B nER
Yang & Kennedy 1979 ELISA L2 A -l
Speiser & Weiss 1979 ELISA Ova L .
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TABLE 4
(Cont.)

Antigen

Authors Year Assay -Use
Stage(s) Somatic Secretory

Garrow & Kane 1973 IFA !.2 ® ©O hn
Kane 1973 IFA Ova )
Annen et al. 1975 IFA L, ® o
de Savigny & Tizard 1975 SAFA L2
Viens et al. 1975 IFA L, ® o %
de Savigny & Yang 1976  SAFA L2 Rl
Ruitenberg & Buys 1976 IFA  Adult o i
Beggs 1977 IFA L, o *k
de Savigny & Tizard 1977 SAFA L2 o
Jacobs et al. 1977 IFA L, ® o ik
Viens 1977 IFA L2 ® o badoded
Girdwood et al. 1978 IFA L,
Weiland et al. 1978 IFA Adult,L2 ® O *
Welch & Dobson 1978 IFA Adult ®
Speiser & Weiss 1979 IFA L ® O L
Welch et al. 1979 IFA L, ° i
Immunoenzymoassay
Cypess & Glickman 1976 ELISA Ova ® &
Cypess et al. 1977 ELISA Ova o &
Glickman & Cypess 1977 ELISA Ova L Jok e
de Savigny & Voller 1978 ELISA L2 *
Woodruff et al. 1978 ELISA L2 bt
Weiland et al. 1978 ELISA Adu'lt.L2 ® =
Glickman et al. 1978 ELISA Ova [ i
Ignashenkova et al. 1978 ELISA L, =
Yampolskaya et al. 1978 ELISA L, Rk
Schantz et al. 1978 ELISA Ova L hx
de Savigny et al. 1979  ELISA L, rE
Glickman et al. 1979a,bELISA  Ova ° A
Yang & Kennedy 1979  ELISA L, L
Speiser & Weiss 1979 ELISA QOva ® boid
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TABLE 4
(Cont.)

Authors

Years Assay

Antigen
Stage(s) Somatic Secretory

Use

Other Assays

Dobson et al. PK Adult ® *
Hogarth-Scott 1968 MAGR L2 < *
Wong et al. 1976 MMI,LT Ova ® *
Girdwood et al. 1978 PRIST L, - ek
de Savigny & Voller IRMA L2 & e
Welch & Dobson LT L2 @ b
Kayes & Oaks MMI L2 * o
Legend
o Research (no diagnostic or epidemiologic applications)
- Serodiagnosis
Exk Seroepidemiology
L4 Whole Worm Antigen
o Cuticular Antigen
A Secretory Antigen
AGG Agglutination
ART Arthus Reaction
BF Bentonite Flocculation
CCAT Conglutinating Complement Absorption Test
CF Complement Fixation
CIEP Counter-immunoelectrophoresis
CPT Capillary Tube Precipitin Test
DTH Delayed Type Hypersensitivity
ELISA Enzyme-1inked Immunosorbent Assay
FA Direct Fluorescent Antibody Assay
1D Immunodi ffusion
1EP Immunoelectrophoresis
IFA Indirect Fluorescent Antibody Assay
IHA Indirect Haemagglutination
IRMA Immunoradiometric Assay
ITH Immediate Type Hypersensitivity
IVLP In vitro Larval Precipitate Test
LT Cymphocyte Transformation
MAGR Mixed Anti-globulin Reaction
MMI Macrophage Migration Inhibition
PAT Precipitin Adsorption Test
PCA Passive Cutaneous Anaphylaxsis
PK Prausni tz-Kustner
PRIST Paper Radioimmunosorbent Test
RPT Ring Precipitin Test
SAFA Soluble Antigen Fluorescent Antibody Assay

S-D Schultz-Dale Test




TABLE 5

COMPARATIVE ANALYSIS OF REFERENCE IMMUNODIAGNOSTIC PROCEDURES FOR TOXOCARIASIS*

Predictive value

Number of non-toxocaral helminth infected patients tested.

|
| Criteria for Sensitivity Specificity Cross-Reactivity Precision Subjects Reference
i Assay Antigen  rqinical Diagnosis % (n,) £ (n) ~ 3 (nq) Tested Diagnosis  >ource
: 31/45
T ” e RERRENML. ; @gﬁfmms . s USA Fondetalll
b symptoms comparable 5% 4 99.6% (282) 97.9% 86,9% Echinococcus o a .
: Somatic . ieh vLM® Trichinella 1/79 1959-1978 ongsT)
Total 26.3% (137)
Sadun et al.
THA Povred 4 Not Stated 50% (14) No Data No Data Ascaris MNo Data  No Data TR (1950
: One of :
-unexplained Tri :‘1‘ } 5% b#‘od:::f,
i ac
q o s+ o on b 31.4% (35) 96.4% ( 55) B89.6%  58.4% other spp. 0/16  No Data s b 118
I ITH Soaatic ~chorof doretini tis: Total 2.7% ( 73) UK 41970 (1964)
Parasitological Not Stated Wiseman and
| Diagnosigs 1002 (9) 98.7% (156) 98.7% 1% Tg:al .2.“ ( 85) No Data 284 Woodruff (1970)
: Clinical criteria G—;%:.—:Ha ?5; UK Bisseru and
IFA Somatlc  Snotjiatedy P'YS 4.5 (20) @1.5% (27) 74.04 5§6%t 7 other spp. 0/9  NoData 128 gge o
reaction Total 14.2% ( 14)
< Eosinophilia>20%
_i" plus any 2 of: Canada de Savigny
) LU ::}_y :';ﬁg::g""‘?g:l{'fe"e" 85.2% (27) 98.7% (150) 98.5% 849  Ascaris 0/4  No Data 25 J976-1979 ?'1'37;;2"‘1
-hyperglobulinaemia;
-geophagia
of Any 5 of:
| -leucocytosis; No Data
i - : SA Glickman et al.
, ELISA Ova eosinophiliaj . 78.3% (23) 92.3% ( 39) 85.7% 8M.8%  (Sera absorbed with No Data C N torgy T
I S -ﬁp;t:n\egglx, ;Ig(t;i’ B Ascaris Antigen)
. -$1gM; danti Aj 4an Ascaris
Y Eosinophilia >20% Trichuris 1/5
. plus any 2 of: ok Vit UK de Savigny
- - ;3 100% (2 97.4% (92 % CV = 7.7% 1009 Canada Voller and
' ELISA  ochutony (AR T @ (922) 97.5% 1@E  Fother spp. 0/51 (USSR Woodruff (1979)
M - hyperglobulinaemia; Total 2.9% ( 67) %;j';zer\and
»geophagia §
|
I . gm in Iable 5 wereicalcu}ated from :‘nformat'lon given in the citations. CalcyRlations were done according to formulae in Table 12.
n er of toxocariasis patients tested.
' 1
n, Number of healthy subjects tested.



2. Seroepidemiology

Although the seroepidemiology of toxocariasis has been the subject
of relatively few studies, much has been learnt from these regarding
the nature and extent of toxocariasis in man. Skin hypersensitivity
data, especially those compiled by Woodruff and his colleagues, have
been particularly productive in this regard, Since the inception of
the work reported herein, ELISA has rapidly supplanted the skin test
as the prime source of sercepidemiologic information (Table 6).

The period prevalence of toxocariasis (subclinical infection or
past infection) in man as surveyed from the literature indicates that
asymptomatic infections are wide-spread. Prevalence generally ranges
from 2 to 3% in temperate regions and arid tropical regions, and up
to 30% in humid tropical regions. In practice, skin test results using
crude antigen appear to be relatively more specific than serological
assays using the same antigens. This has been noted in other
helminthiases (Grove, 1979) but is unexplained. There have been some
anomolous reports in the literature: eg. Kane (1973) reported 56.3
percent and Wood et al. (1965) reported 45.3 percent of healthy adults
in the UK and USA respectively with positive Toxocara IFA and IHA
results. Such works were not considered in the survey for Table 6 unless
the authors had shown prevalidation of the assays in terms of non-specific
reactivity.

The most comprehensive survey of pericd prevalence was reported by
Yampolskaya et al. (1978) who, using larval secretory antigens and
methods supplied by de Savigny, examined sera from approximately 1000
children 1iving in diverse biomes within the USSR. The prevalence of
ELISA positivity was proportional to the prevalence of larvated toxocaral
ova found in sympatric soil samples. Furthermore, there was an absence

of toxocaral infection in dogs (and man) in the arctic (confirmed by
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TABLE 6
PREVALENCE OF ANTI-TOXOCARA IMMUNOREACTIVITY IN MAN*

PFercent No.

Location Positive Tested Assay Reference
Canada
Toronto 2.7 150 IHA,SAFA de Savigny et al. 1977)
Montreal 4.5 940 IFA Viens et al. 1977)
Toronto 3.5 310 ELISA  Yang et al. (1979)
Cyprus 2.0 200 ITH Bradford (1970)
Egypt
Siwa 2.2 446 DTH,PAT Khalil et al. (1976b)
Luxor 3.7 135 DTH,PAT i{bid.
Aswan 2.9 300 DTH,PAT 1ibid.
Mansourah 2.0 400 DTH,PAT ibid.
Kenya
Nairobi 0 160 ITH Wiseman et al. (1971)
Masaf 10.7 75 ITH ibid.
Malaysia 535 199 ITH Bisseru (1968)
Malta 0.95 105 ITH Wiseman et al. (1971)
Nigeria
Ibadan 4.1 193 ITH ibid.
Tanzania
Dar es Salaam 8.2 134 ITH ibid.
Uganda
Kampala 30.8 123 ITH ibid.
UK
England 1.35 156 ITH Wiseman et al. (1970)
England 1.86 485 ITH Woodruf 1970)
England 2.1 329 ITH Woodruff et al. 1966 )
Scotland 2.0 200 PRIST Girdwood et al. 1978)
England 2.6 922 ELISA de Savigny et al, 1979)
UsA
Georgia 0.4 282 BF Sadun et al. 51957;
Louisiana 1.1 190 IHA Jung et al. 1960
Texas 2.8 70 IVLP Richards et al. $1962
New York 18.0 104 ELISA Glickman et al. 1977
USSR
“Arctic circle 0 290 ELISA Yampolskaya et al. (1978b)
Kamchatka 0 84 ELISA ibid.
West Siberia 1.0 100 ELISA ibid.
Samarkand 1.1 90 ELISA ibid.
Belev 5.5 254 ELISA ibid,
Moscow 5.4 93 ELISA tbid.
Georgia 8.2 61 ELISA ibid.

Surveyed from published seroepidemiologic studies on sample populations

of at least 50 healthy subjects.



observations in Canada by Eaton and Secord,(1979).

Groups having closer contact with dogs than that of the general
population have been studied. Jacobs, Woodruff, Shah and Prole (1978)
tested by IFA, 34 professional dog handlers employed at a greyhound

training estabiishment known to be contaminated with Toxocara ova

(Jacobs and Prole, 1976). Positives were found 1.5 times more frequently
in the exposed group compared to controls but the difference was not
statistically significant. Glickman and Cypess (1977) using ELISA found
no statistically significant association between toxocariasis and the
occupational exposure of animal hospital employees, nor between
toxocariasis and dog ownership. The design and interpretation of this
study has been criticized (Hamble, 1977) and the results invalidated.
Woodruff, de Savigny and Jacobs (1978), using ELISA, found that dog
breeders and exhibitors had a significantly higher prevalence of
seropositivity (15.7%) compared to the general population (2.6%) and
that this difference was proportional to the number of years spent
working with breeding animals.

Knowledge of period prevalence in healthy adults has allowed several
authors to examine the suspected interrelationship between toxocariasis
and other disease states (see Section C.2.). In asthmatics,
immunoreactivity to Toxocara, compared to that in the general population,
was more prevalent by factors of 8-fold (Wiseman and Woodruff, 1968);
3.4-fold (Woodruff, 1973) 4.9-fold (Viens, 1973) and 7-fold (Girdwood,
et al, 1978). In paralytic poliomyelitis, positives were more frequent
by factors of 6.5-fold (Woodruff, Bisseru and Bowe, 1966) and 4.1-fold
(Khalil et al. 1971). In epilepsy, positives were more prevalent by
factors of 3.6-fold (Woodruff, Bisseru and Bowe, 1966); 4.4-fold
(Viens, 1977) and 3.7-fold (Glickman, Cypess, Crumrine and Gitlin, 1979).

No association between toxocariasis and toxoplasmosis was observed
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(Wiseman, Fleck and Woodruff, 1970). Historically, this was an

important finding because the 1ife cycle of Toxoplasma gondii was

incompletely understood at the time and it was believed that

Toxocara cati ova acted as protective vehicles for transmission of

Toxoplasma (Hutchison, 1965). The subsequent discovery of the

T. gondii sexual reproductive cycle and oocyst stage in cat faeces
(Frenkel, Dubey and Miller, 1969) was supported by these negative
findings in toxocariasis seroepidemiology.

Seroepidemiologic studies implicating toxocariasis in the
transmission and pathogenesis of potentially severe microbial infections
led Woodruff (1968) to conclude that the “eradication of ascariasis,
including toxocariasis, from a region would be certain to bring with it
much benefit to the health of the community concerned and probably not
least among these benefits would be the prevention of many bacterial

and viral illnesses".




CHAPTER 11

TOXOCARAL SECRETORY ANTIGEN:
PRODUCTION AND CHARACTERIZATION

INTRODUCTION

In a review of immunodiagnosis for parasitic diseases, Fife (1971)
wrote "I believe that we may have tended to overlook what ultimately
may prove to be the best source of antigen, namely, the secretions and
excretions of 1iving parasites®.

This source has been neglected because the prerequisite is
in vitro cultivation of helminths, a field which has provided many
challenges but yielded few successes. In 1963, Silverman optimistically
announced "Though it fs clear that the task is not an easy one, there

is 11ittle doubt that all parasitic organisms will be induced to survive,

develop, and reproduce in vitro when sufficient intelligent effort is

applied”. Such achievement has proved elusive; no parasitic helminth
species has been yet cultured through a single life-cycle in vitro.
Although the problem of in vitro maintenance (ie. without development)
is less difficult, the maximum 1ife-span of maintenance cultures ranges
from several days to only a few weeks. The exception is Toxocara canis
which can be maintained in vitro, in synthetic medium, for over 1.5
years (de Savigny, 1975), thus providing a useful model for the study

of nematode secretory antigens.

Historical Perspective

It was Chandler in 1932 who introduced the concept of the helminth
metabolite / host anti-metabolite relationship. Sarles (1938) was
credited with the first observation of this phenomenon, on describing

the development of precipitates at oral, excretory, and anal pores of
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nematode larvae (Nippostrongylus) incubated in immune serum, but not

when incubated in normal serum., Taliaferro and Sarles (1939) confirmed

this occurrence in vivo. Direct evidence supporting the view that

excretions and secretions of helminths elicit an immune response in

the host was provided by Thorson (1951, 1953) who demonstrated that

immunization of rats with secretory antigen collected from

Nippostronaylus muris provided partial protection against infection with

the same parasite. The majority of 1iterature concerning nematode

secretory antigens describes their use as protective antigens (reviewed
by Clegg and Smith, 1978).

Concerning diagnosis, the specific precipitation of nematode
secretions by immune serum has been observed for a variety of nematodes

both in vivo and in vitro (reviewed by Thorson, 1970) but the

immunological nature of this was not elucidated until Jackson (1959,
1960) and Taffs and Voller (1962) used fluorescein-labelling to
demonstrate incorporation of antibody in precipitiates. Hogarth-Scott
(1965) presented evidence for antigenic specificity of secretory antigens
at the genus level. Sadun and Norman (1957) were first to use

secretory antigen (Trichinella) in serodiagnosis. Subsequent applications
of nematode secretory antigens in immunodiagnosis are summarized in
Table 7. Early diagnostic applications of toxocaral secretory antigens
utilized the original phenomenon, ie. direct demonstration of
precipitates at the orifices of 1iving larvae following incubation for
periods (up to 48 hours) in patient's serum (Olson, 1960; Lamina, 1970;
Stevenson, 1977). A high degree of specificity and adequate sensitivity
was reported but the in vitro larval precipitates (IVLP) test was

slow laborious, and required a ready supply of live parasites. Use

of IVLP was largely restricted to research applications and detection

of antibody in experimentally infected animals. De Savigny and Tizard
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(1975, 1977) initiated the use of nematode secretory antigens (Toxocara)

in conventional serological tests (HA, SAFA) intended for routine
application. These were shown to be genus specific, highly sensitive,
and were found suitable as national reference tests in a public health
laboratory service (Canada).

Despite encouraging results from diagnostic work using nematode
secretory antigens, little is known of the nature of such antigens
(Clegg and Smith, 1978). This chapter describes studies of (a) the
long-term in vitro maintenance of Toxocara canis larvae including the
dynamics of antigen production, and (b) the physico-chemical and
immunological characteristics of toxocaral secretions elaborated

in vitro.




TABLE 7

APPLICATION OF NEMATODE SECRETORY ANTIGENS IN SERODIAGNOSIS
Species Stage AS:::,?::'.' S;:::n Reference
Nippostrongylus muris Ly A IVLP Sarles (1938)
Ascaris lumbricoides L3 B IVLP* Lejkina (1948)
Trichinella spiralis L B BF Sadun and Norman (1957)
Trichinella spiralis L] A FA Jackson (1959)
Nippostrongylus muris Ly Lys L A FA Jackson (1960) -
Toxocara canis Lz A IVLP Olson (1960) D
Ascaris suum L3 A FA; IFA Taffs and Voller (1962)
Toxocara canis L2 A FA Hogarth-Scott (1966)
Toxocara cati L, A FA Hogarth-Scott (1966)
Toxascaris leonina L2 A FA Hogarth-Scott (1966)
Toxocara canis L2 A IVLP* Lamina (1968)
Heterakis gallinae L3 A IVLP Tareneko and Krivutenko (1974)
Toxocara canis L2 C HA; SAFA* de Savigny and Tizard (1975)
Litomoisoides carinii Lg B IEP; CF; HA Takoaka et al. (1975)




TABLE 7
(Cont.)

Antigen Test

Species Stage Source* System Reference
Necator americanus Lg B ELISA Ogilvie et al. (1976)
Toxocara canis L, A IVLP Stevenson and Jacobs (1977)
Toxocara canis L2 c ELISA*+ de Savigny and Voller (1978)
Anisakis marina L, C CIEP Watt et al. (1979)
Ascaris suum Lys LJ; Ly c ELISA de Savigny et al. (Unpublished)
Ascaris lumbricoides Las L‘ c ELISA de Savigny (Unpublished)
Brugia pahangi Las L5; Mf C ELISA de Savigny et al. (Unpublished)
Necator americanus Lg C ELISA de Savigny et al. (Unpublished)
Onchocerca gutturosa Lgs Mf C ELISA de Savigny et al. (Unpublished)

?no

research only

A vi secretion in testserum + See Table 4 for subsequent applications of Secretory
B = In vitro secretion in complex culture medium Antigen in Toxocara ELISA
C = Invitro secretion in synthetic culture medium * Routine diagnostic application, all others used in
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MATERIALS AND METHODS

Acquisition of Parasite Ova

Toxocara canis adults were obtained from pups four weeks to six
months of age at a local animal shelter, Pups were dosed with piperazine
phosphate* (500 mgkg) in the afternoon and faeces were collected the
following morning. Adult ascarids were removed from faeces and washed
in several changes of cold tap water to remove adherent faecal material.
Female adults were segregated in individual petri dishes containing 1%
formalin. The anterior and posterior fifths of each worm were severed
and discarded. The bifurcate uterus was extruded from the remaining
portion of the worm by applying pressure with a siliconized glass rod.
Each uterus was placed in a separate petri dish containing 1% formalin
and stripped free of ova. Ova in each petri dish were examined
microscopically before pooling to confirm their identity as T. canis

(cf. Toxascaris leonina). Ova so obtained were embryonated by

incubation in a monolayer under 1% formalin at a depth of 3 mm in petri
dishes. Embryonation proeedsl for 30 days at room temperature with
daily resuspension. Thereafter ova were pooled and stored at 4% in
1% formalin. For estimations of larvated ovum numbers, samples were
suspended in distilled water and counted microscopically by serial
dilution in gridded petri diches.

In vitro Hatching of Toxocara canis Ova

Embryonated ova were washed three times in distilled water by

centrifugation at 85 g for three minutes and resuspended in 1.5 M

sodium hypochlorite (NaOC1) for 30 minutes at 37°C to remove the

albuminous coat. The suspension was then washed in distilled water until

no chlorineodour was detectable (at least ten washings).

* Candizine. Norden Laboratories, Lincoln, Nebraska.
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In vitro hatching was achieved by modification of Fairbairn's
(1961) technique for Ascaris ova. A 1 ml distilled water slurry of
decoated Toxocara ova was mixed with 2 ml of a 0.1M sodium bisulphite,
0.25M sodium chloride, 0,0025% tween 80 solution, and 2 ml! of a 0.1M
gassed sodium bicarbonate solution. This suspension was gassed for

15 minutes with a mixture of Nz-(:o2 (95%:5%) at 37°c. The suspension

was sealed immediately and incubation continued for a further 1.75

hours. Following incubation the larval suspension was washed twice in
Hanks' Balanced Salts Solutfon* (HBSS) with 100 units/ml penicillin and
200 pg/ml streptomycin and held overnight in HBSS at 37°C in a sterile
Baermann apparatus consisting of five layers of lens paper in a
sedimentation flask. Most viable hatched larvae migrated through the
Tens paper while unhatched eggs, hatching debris, and dead larvae retained
on or in the paper. Larvae collected in this manner did not require
further washing and were dispensed into 10 ml of maintenance medium for

counting as described above.

In vitro Cultivation of Toxocaral Larvae

The method of de Savigny (1975) was used. Briefly, T. canis
second-stage larvae recovered by Baermann filtration were dispensed into
silicone stoppered roller drum tubes (18 x 150 mm) containing HMEM
(Eagle's Minimal Essential Medium with Hanks® Salts)* with 100 units/m]
penicilin and 200 ug/ml streptomycin. A typical culture consisted of
106 larvae at a concentration of 104 /ml. Culture tubes were incubated
vertically, without rotation at 37°. Every seventh day tubes were
examined and any showing contamination were discarded. Any in which
mortality exceeded 5% were not used for secretory antigen production.

Dead larvae could be removed by Baermann filtration. In satisfactory

* A1l culture media from GIBCO-Europe, Dundee, Scotland.
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cultures, larvae were allowed to sediment and spent medium was aspirated
aseptically. Fresh volumes of sterile medium were dispensed by a 5 ml

Cornwall Syringe and the tubes reincubated. Spent medium (approximately
100 m1 per week) was pooled, centrifuged to remove any larvae aspirated

inadvertantly, and stored at -70%.

Preparation of Toxocaral Secretory Antigen

Each month, the pooled harvest (approximately 500 ml) of HMEM
containing larval metabolites, excretions, and secretions, was dialysed
and simulataneously concentrated 20-fold in distilled water to 25 ml by
hollow-fibre ultrafiltration (Amicon CH3 with HIC10 cartridge) retaining
all components of molecular wight greater than 10,000 daltons. The

retentate was designated as Toxocaral Secretory Antigen. Protein

concentration was estimated by a micro-modification of the methods of
Lowry, Rosebrough, Farr, and Randall (1951) and Garver, Cremer, and
Sussdorf (1977) using bovine serum albumin as a standard. Concentrated

antigens were stored at -70°C or lyophilized.

Dead larvae (1 X 104) were incubated in HMEM at 37°C for two years

and the culture supernatant was examined periodically for the release of
somatic antigen. Larvae remained morphologically intact during this
period.

Preparation of Toxocara canis Adult Secretory Antigen

Adult T. canis obtained as described above were axenized by
incubation for 1 hour in 0.0015 M NaOH to purge intestinal contents,
followed by incubation for one hour in saline containing 1000 units/ml
of penicillin and 1 mg/ml of streptomycin. Ten adults were cul tured
in HMEM containing glucose supplement (22.5 g/1), 600 units/ml of
penicillin, and 600 ug/ml of streptomycin at 37°C for 18 hours under
5% CO2 and 95% N,. Secretory antigen was extracted from culture fl uids
by centrifugation through Amicon “Centriflo Cones" (Type CF25) at 500 X g.
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Preparation of Toxocara canis Larval Somatic Antigen

A suspension of ‘|05 freshly hatched, second-stage Toxocara canis

larvae in 2 ml of phosphated buffered saline was sonicated. The
supernatant resulting from centrifugation at 10,000 X g at 4°C was

harvested as larval somatic antigen.

Preparation of Ascaris suum Secretory Antigen

Adult Ascaris suum were collected at a local abbatoir from pig
intestines. Ova were obtained, embryonated and hatched as described

for T. canis. In vitro hatched Ascaris second-stage larvae were cultured

at 37°C in Medium-199 containing 25 mM HEPES buffer, 100 units/ml of
penicillin, 200 ug/ml of streptomycin and gassed with Nz-(:()z-o2 (90:5:5).
Media were supplemented with glucose (1 mg/ml) and the synthetic
tripeptide, glycyl1-histidyl-L-1ysine acetate (M.W. 400) (Sigma, London)
at 200 ng/ml. (Stromberg, Khoury and Soulsby, 1977).

Ascaris suum third stage larvae were obtained from rabbit lungs
seven days following experimental infection with 100,000 larvated ova
administered by stomach intubation. These advanced-stage larvae were
cultured by the same method as Ascaris second-stage larvae but at

density of 200/ml during which time moulting to fourth-stage occurred.

Ascaris L2 and L:,-L4 secretory antigens were extracted from cul ture
fluids by diafiltration through an Amicon PMIO membrane in a stirred
cell (Amicon Model 52).

Preparation of Necator americanus Secretory Antigen

Infective thid-stage Necator americanus larvae were obtained from

faecal culture by standard methods and used to infect one- to two-day
old golden hamsters percutaneously (approximately %r hampster) by
the method of Burt and Ogilvie (1975). Adult Necator were retrieved
at necropsy 42 days after infection, axenized for 2 hours at 37°C. and

washed 20 times in HBSS containing 500 units/ml penicillin and 500 ug/ml
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streptomycin. Ninety nine Necator adults were maintained in vitro for

20 days at a concentration of 5 worms/ml in tripeptide supp'lemnt.dmed'l um

as described for Ascaris. Antigens were extracted by diafiltration

through an Amicon PM10 membrane.

Preparation of Brugia pahangi Secretory Antigen

Adult Brugia pahangi were obtained from peritoneal cavities of
experimentally infected girds (Courtesy of Dr. D. Denham). Ten adults
were maintained for 10 days in medium NCTC-135 containing 200 units/ml
penicillin and 200 ug/ml streptomycin at 37%. Antigens were extracted

as described for Toxocara.

Preparation of Antiserum to Secretory Antigens

Antiserum reactive to toxocaral secretory antigen was raised in a
New Zealand White rabbit by intrasmuscular inoculation of 50 ug of
secretory antigen in Freund's complete adjuvant, followed 28 days later
by subcutaneous administration of 50 ug of the same antigen in saline.
Antiserum was obtained by venesection seven days later. An
immunoglobulin fraction retaining 96% of the antibody response was
obtained by ammonium sulphate precipitation (Hudson and Hay, 1976)
followed by sodium acetate precipitation to facilitate the removal of
1ipoproteins (Harboe and Ingold, 1973). Antibody to Necator americanus

adult secretory antigen, Ascaris suum third-stage larval secretory
antigen, Brugia pahangi adult secretory antigen and Toxocara canis larval
somatic antigen (sonicate) was raised in C57BL/6 female mice by
intraperitoneal inoculation of 25 ug of antigen in Freund's complete
adjuvant according to the schedule of March and Cooney (1976).
Peritoneal fluid (approximately 5 ml/mouse) containing antibody was
obtained by paracentesis weekly for four weeks commencing 30 days after

the first dose. Clot formation in immune ascites fluid was minimized
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by acid precipitation of fibrinogen (Chiewslip and McCown, 1972).

Enzyme Immunoassay of Toxocaral Secretory Antigen

An enzyme immunoassay was developed to monitor in vitro production

The double antibody

of larval secretory antigen during cultivation.

sandwich method (Voller, Bidwell and Bartlett, 1976) was employed using

the rabbit immunoglobulin prepared above for both the first antibody
(solid phase) and the second antibody (labelled with alkaline phosphatase

by the one-step glutaraldehyde method (Voller, et al, 1976). The

primary immunoglobulin was adsorbed to polyvinyl chloride micro-ELISA
plates at an optimal dilution of 1:100 in coating buffer (see appendix for

details of buffers) for 18 hours at 4°C. Wells were washed three times in

phosphate buffered saline containing 0.5% tween 20 (PBS-Tween) and were

then incubated for two hours at room temperature with samples (thought to

contain secretory antigen) diluted 1:5 in PBS-Tween, and with known

antigen standards in PBS-Tween. Anti-Toxocara immunoglobulin-alkaline

phosphatase conjugate at a dilution of 10'3 was added for 18 hours at

4. Following further washes, the enzyme substrate, 4-nitrophenyl

phosphate, at 1 mg/ml in diethanolamine buffer, was added. Hydrolysis

was proportional to the quantity of enzyme-conjugate bound. The

reaction was terminated with the addition of 3M NaOH after 30 minutes

at room temperature and the amount of chromogenic hydrolsate

(4-nitrophenyl) produced, was determined spectrophotometically at 405 nm.

Antigen concentrations of unknowns were determined by interpolation

from a standard curve.

Characterization of Toxocaral Secretory Antigen

Polvacrylamide Gel Electrophoresis. Heterogeneity of secretory

antigens was studied by polyacrylamide gel electrophoresis (PAGE) in

horizontal, thin-layer, 3.5% and 10% gels (Fernstrom and Moberg, 1977)
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by acid precipitation of fibrinogen (Chiewslip and McCown, 1972).

Enzyme Immunoassay of Toxocaral Secretory Antigen

An enzyme immunoassay was developed to monitor in vitro production
of larval secretory antigen during cultivation. The double antibody
sandwich method (Voller, Bidwell and Bartlett, 1976) was employed using
the rabbit immunoglobulin prepared above for both the first antibody
(sol11d phase) and the second antibody (labelled with alkaline phosphatase
by the one-step glutaraldehyde method (Voller, et al, 1976). The
primary immunoglobulin was adsorbed to polyvinyl chloride micro-ELISA
plates at an optimal dilution of 1:100 in coating buffer (see appendix for
details of buffers) for 18 hours at 4°C. Wells were washed three times in
phosphate buffered saline containing 0.5% tween 20 (PBS-Tween) and were
then incubated for two hours at room temperature with samples (thought to
contain secretory antigen) diluted 1:5 in PBS-Tween, and with known
antigen standards in PBS-Tween. Anti-Toxocara immunoglobulin-alkaline
phosphatase conjugate at a dilution of 10'3 was added for 18 hours at
4°c. Following further washes, the enzyme substrate, 4-nitrophenyl
phosphate, at 1 mg/ml in diethanolamine buffer, was added. Hydrolysis
was proportional to the quantity of enzyme-conjugate bound. The
reaction was terminated with the addition of 3M NaOH after 30 minutes
at room temperature and the amount of chromogenic hydrolsate
(4-nitrophenyl) produced, was determined spectrophotometically at 405 nm.
Antigen concentrations of unknowns were determined by interpolation

from a standard curve.

Characterization of Toxocaral Secretory Antigen

Polvacrylamide Gel Electrophoresis. Heterogeneity of secretory

antigens was studied by polyacrylamide gel electrophoresis (PAGE) in
horizontal, thin-layer, 3.5% and 10% gels (Fernstrom and Moberg, 1977)
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using tris-glycine buffer, pH 8.9, and a field strength of 15 V cm"

at 10%.

Analytical Isoelectric Focusing. Antigen heteroegeneity and

isoelectric point (pl) were investigated using horizontal, thin-layer
(1 mm) polyacrylamide gels (5% gel, 3% cross-linking, 3.0% ampholyte)
(Winter, Ek, and Andersson, 1977) with pH gradients ranging from

3.5 to 9.5 and from 9 to 11 maintained by constant power of 25W at 10%.
Samples were concentrated (Amicon CS 15) and eluted in 1% glycine buffer
before isoelectric focusing. Triton-X 100 (0.5%) was added to gels

and samples to enhance solubility of antigens at their respective pl's
(Angellis, Inglis and Fishman, 1976). Gels were stained for proteins
using Coomassie Brilliant Blue, (Winter, et al. 1977), glycoproteins
using periodic-acid Schiff's stain (Zacharius, Zell and Morrison, 1969)
and lipoproteins using Sudan Black (Uriel, 1971).

Molecular Weight Determinations. Molecular weights of secretory

antigen protein moieties (2-mercaptoethanol reduced) were determined
by sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE)
(Weber and Osborn, 1969) calibrated using oligomeric markers (BDH, Poole,
England) in 5% and 10% gels with a field strength of 5 V cm" at 10%.
Proteins were stained by Coomasie Blue (Fernstrom and Moberg, 1977)
and glycoproteins by periodic-acid Schiff's stain (Segrest and Jackson,

1972).

Bi-Dimensional Immunoelectrophoresis. Antigen heterogeneity was

further examined using a micro-modification of two-dimensional (Laurell-
crossed) immunoelectrophoresis (Weeke, 1973). Antigen (containing
16 ug protein) was electrophoresed in 1.3 mm thick gels of 1% agarose

in barbital buffer ({ionic strength = 0.1 , pH 8.6) on glass plates

1

(50 X 50 X 1 mm). First dimension electrophoresis was done at 5 V cm
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for 30 minutes at 15°C. An agarose strip 15 mm wide containing
electrophoresed antigen was retained on the plate and the agarose on the
remainder of the plate was replaced with another gel, 1.1 mm thick,

containing rabbit anti-Toxocara immunoglobulin at a concentration of
1

250 ug cm'z. Second dimension immunoelectrophoresis was run at 2V cm

for 12 hours. The use of intermediate gels containing antisera to
heterologous helminths was attempted to further assess antigen specificity.
Antigens electrophoresed or isoelectrically focused in polyacrylamide

gels were also examined in two-dimensional {mmunoelectrophoresis by use

of laying-on techniques (Smith, Soderholim, and Wadstrom, 1977). Gels

were pressed, washed, dried and stained for protein with Coomassie

Brilliant Blue as described by Deans et al. (1978).
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RESULTS

Acauisition of Parasite Ova

A11 pups readily took the flavoured piperazine anthelmintic and,of

those treated as described, approximately 40% yielded ascarids, which
when washed free of faeces and residual piperazine, were alive. On
embryonation of ova obtained from adult female T. canis, approximately
50% of ova showed microscopic evidence of embryonation to the state
containing motile larvae (Fig. 1). Microbial contamination of ova
suspensions was never observed. Embryonated ova, stored at 4°c.

remained infective to laboratory hosts for at least three years and

could be hatched in vitro yielding viable larvae for in vitro cultivation

for at least two years.

In Vitro Cultivation of Toxocaral Larvae

In vitro hatching of T. canis by Fairbairn's (1961) method for
Ascaris resulted in a high yield (>98%dlarvae from embryonated ova.
In contrast, recovery of larvae from pepsin digests of brain, 1iver and
lung of experimentally infected mice and of liver and lung of experimentally
infected rabbits was attempted, but yields never exceded 40% of
inoculum. Background hatching, as observed (Fairbairn, 1961) for

Ascaris lumbricoides ova, did not occur with T. canis.

Various Baermann filter systems in use for Ascaris were investigated,
including Whatman No.12, ED-512, and Kim-Wipe Tissues, but were found
unsatisfactory for Txocara. The relatively large size and rapid
penetrating ability of Toxocara compared to Ascaris was such that five
layers of lens paper optimally allowed the majority of active larvae to
penetrate in staggered fashion, but retaired hatching debris and dead

larvae. Cuticles of the first ecdysis were not seen.




The enhanced survival of T. canis larvae when maintained in HMEM is
contrasted in Fig. 2 which demonstrates a culture half-1ife of 16 months.

Table 8 compares the mean lengths of T. canis larvae, sampled from

various media between one and 500 days after in vivo. Only HMEM

maintained larvae showed a dimensional relationship approximating
available data from in vivo systems during early phases of culture.
There is evidence of growth of larvae in vitro during later phases.

The appearance of T. canis larvae maintained in vitro alters after
approximately four months (Figs. 3,4). An area of diffuse, dark,
pigmentation appears in the procorpus and oesophageal region of an
increasing proportion of larvae. These larvae show no gross differences
in motility, behaviour, or infectivity compared to unpigmented forms.
Pigmentation does not appear to be related to mortality.

Quantitative production of toxocaral secretory antigen was monitored
using the double antibody sandwich ELISA (Fig. 5a), Results (Fig. 5b)
revealed little variation in antigen output (approximately 200 pg/larva/
day) between the first week and 18 months of culture, however production

during the first day post-hatching was significantly higher.

Characterization of Toxocara Larval Secretory Antigen

Immunoelectrophoresis of secretory antigen (16 ug) against serum

from a rabbit experimentally infected with 'l04

T. canis detected a
single component with cathodal mobility. Immunoelectrophoresis against
hyperimmune serum from a rabbit immunized with Toxocara secretory antigen
revealed a minor component with anodal mobility, in addition to the
same cathodal antigen Fig. 6).

Polyacrylamide gel electrophoresis resolved one protein component
with cathodal mobility. No glycoproteins or lipoproteins were detected.

SDS-Polyacrylamide gel electrophoresis indicated one major protein

component with a molecular weight of 42,000 and two minor components
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with molecular weights of 120,000 to 160,000 (Fig. 7).

Isoelectric focusing revealed a major component with pI 9.5 and
a two minor components with pI 5.2 and 5.5 (Fig. 8).

Because of the high pI of the major component, it was necessary
to modify the two-dimensional electrophoresis to detect antigens
migrating in both directions (Fig. 9) and this revealed three components,
one with cathodal mobility, two with anodal mobility. Neither these, nor

other components were detected in intermediate gels containing antibody

to Necator adult secretory antigen, Ascaris larval (L3-L4) secretory

antigen, or Toxocara larval somatic antigens.




TABLE 8

Mean length in Microns (+ 2 S.E.) of samples of 100 Toxocara canis

second-stage larvae following in vitro hatching and maintenance in

various synthetic media compared with data from in vivo sources.

in vitro

'(’g:;‘s")‘ in vivor HMEM  EMEM M199  HBSS  PBS SAL

0 an 419
(5.8)

a2
(6.8)

403

353 400
(3.2) (4.6)

Dead Dead

392
(9.8)

Dead

410
(7.2)

388

427
(5.0)

438

(5.0) (9.8) (4.7)

100 ND 450 ND ND + * t
(5.9)

300 ND 453  ND ND + t +
(3.1)

500 ND 485  ND ND + + +
(4.9)

s Means of 500 larvae recovered from rabbit tissue (Lautenslager, 1970)

ND Not Done







Fig. 1 Toxocara canis

(a) Non-infective, unembryonated ova 24 hours after

dissection from the uterus. Both fertile and infertile

ova are present. Fertilized ova are in the morula stage.

X 300

(b) Infective, larvated ova following embryonation in 1%
formalin at room temperature for 28 days. Fertile ova
contain motile second-stage larvae while infertile ova

are unchanged.
X 300
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In vitro survival of Toxocara canis second-stage larvae

when cultured in various synthetic media.

Culture half-1ife in HMEM 1s 490 days (16 months).

Eagle's Minimal Essential Medium with Hanks' Salts
Eagle's Minimal Essential Medium with Earls' Salts
Medium 199

Hanks' Balanced Salts Solution

Phosphate Buffered Saline

Saline
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Toxocara canis second-stage larva (from Nichols, 1956).
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Fig. 4 Toxocara canis second-stage larvae in vitro.

1
(Heat shocked for photomicrography)

|
a) Cultured in synthetic medium for 48 hours.
Cultured in synthetic medium for 18 months
t
showing pigmentation of the procorpus.

Cultured in immune serum for two hours

showing oral and excretory pore precipitates.
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Enzyme immunoassay standard curve for quantitation

of Toxocara secretory antigen. Vertical lines indicate

95% confidence limits.

Production of Toxocara larval secretory antigen,
released in vitro during 18 months of culture,

quantitated by enzyme immunoassay.
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Immunodiffusion and Immunoelectrophoresis of Toxocara larval
secretory antigen

Immunodiffusion

Centre well: Rabbit anti-Toxocara secretory antigen
hyperimmune serum

Periphery: Toxocara secretory antigen (0.5 ug to 16 ug)

Immunodiffusion

Centre well: Toxocara secretory antigen (8 ug)

Periphery: Immune sera
1. Rabbit anti-Toxocara canis secretory antigen
2. Mouse anti-Toxocara canis somatic antigen
3. Swine anti-Ascaris suum
4. Cat ant{-Brugia pahangi
5. Mouse anti-Necator americanus secretory antigen
6. Rabbit anti-Toxascaris leonina

Immunodiffusion

Centre row: Rabbit anti-Toxocara secretory antigen
hyperimmune serum
Necator americanus adult secretory antigen
Toxocara canis larval secretory antigen
Toxocara canis larval somatic antigen
Toxocara canis adult secretory antigen
Ascaris suum larval (L3-L4) secretory antigen

6. Toxocara canis larval secretory antigen

Immunoelectrophoresis
A1l wells: Toxocara canis larval secretory antigen (16 u9)
electrophoresed at 10 V cm'] for 30 minutes

(d) Trough: Antiserum from Immunized Rabbits
Rabbit anti-Toxocara secretory antigen hyperimmune
serum,

(e) Trough: Antisera from Infected and Control Rabbits
Rabbit anti-Toxascaris leonina
Rabbit anti-Ascaris suum
Rabbit anti-Toxocara canis
Normal rabbit serum
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Molecular weight estimation, by SDS polyacrylamide gel
electrophoresis, of Toxocara larval secretory antigens.

MW
K Daltons

(a) High molecular weight markers 56.0
112
168

(b) Low molecular weight markers 14.3
28.6
42.9
57.2
71.5
85.8

(c) Toxocara canis secretory antigen 42.0

(d) Albumin (human) 68.0

(e) Ovalbumin 43.0
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Analytical isoelectric focusing of Toxocara larval
secretory antigen.

(a) Toxocara canis Secretory Antigen Batch 8178 (15 ug)
(b) . Batch B.78 (15 ug)*
(c) Ascaris suum Somatic Antigen (70 ug)

The figure illustrates the high pl value (9.5) and the
relative purity of toxocaral secretory products in contrast
to Ascaris somatic antigens (perienteric fluid) in which
at least 40 components are resolved in the original gel.
Plot shows the pH gradient across the gel

* See Table 10 for description of antigen batches.




g of Toxocara larval

tigen Batch 3178 (15 ug)
Batch B.78 (15 ug)*

(70 pg) pH 1

high pl value (9.5) and the 10~
retory products in contrast 9
rienteric fluid) in which

plved in the original gel. 8
pss the gel

of antigen batches. 6

FIGURE 8



of Toxocara larval

igen Batch B.l 78 (15 ug)
Batch 8578 (15 ug)*

(70 ug)

high pI value (9.5) and the

retory products in contrast

{enteric fluid) 1in which
pDlved in the original gel.
pss the gel

of antigen batches.




of Toxocara larval

igen Batch 8178 (15 ug)
Batch B.78 (15 ug)*

(70 ug)

high pI value (9.5) and the
ecretory products in contrast
rienteric fluid) in which
olved in the original gel,
pss the gel

of antigen batches.

FIGURE 8




Fig. 9 Bi-dimensional immuncelectrophoresis of Toxocara secretory

antigen (16 ug).

(a,b) First dimension: Electrophoresis of antigen in 1%

agarose at 5 V cm™ ! for 30 minutes.
Second dimension: Immunoelectrophoresis in 1% agarose

containing rabbit hyperimmune antiserum (globulin fraction
1

at 250 ug cm-1) to Toxocara secretory antigen, at 2 V cm

for 12 hours.

(a) Anodal Antigens
(b) Cathodal Antigen

First dimension: Analytical isoelectricfocusing of
antigen in polyacrylamide gel followed by "laying on"
an antibody containing gel.

Second dimension: Immunoelectrophoresis as in (a) and

{b), Cathode at top.
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DISCUSSION

When Beaver et al. (1952) first defined toxocaral visceral larva

migrans. they suggested that pathogenesis was due, in part,to the host's

Such immunogenic

{mmune response to products of migrating larvae.

products,once ambiguously called 'metabolic' antigens, have been named

'excretory’ and ‘secretory' antigens (Thorson, 1953) or 'ES' antigens

(Campbell, 1955). It is now known that nematode 'exoantigens' contain

enzymes arising from glandular secretion at oral and excretory pores

(O0gilvie and Jones, 1973), thus the term 'secretory' antigen (Despommier

and Muller, 1976; de Savigny and Tizard, 1977) is adequately descriptive

when dealing with non-dialysable components of nematode excretions and

In 1ight of on-going

secretions and will be used in this thesis throughout.

research on metabolic activities of nematode cuticles and the possible

release of cuticular antigens (Maizels, de Savigny and Ogilvie, 1980) this

terminology may require future modification.

The logical requisite for study of nematode secretory antigens is the

Historically, long-term cultivation of

use of in vitro cultivation.

parasites in vitro has had the motive of culturing parasites from ova,

through larval stages to adults, and completing the cycle to fertile ova

(Silverman, 1965). Achievement of this goal is expected to further

insights into essential physiologic mechanisms of host-parasite relationships

and to make available models for study of genetic, developmental and

To this end, workers have not hesitated, and indeed,

immunologic aspects.

have invariably found it necessary, to use media supplemented with

undefined factors such as serum proteins.embryo extracts, liver extracts,

yeast extracts, peptones, and cell cultures (Douvres and Tromba, 1970;
In studies of

Silverman and Hansen, 1971; Hansen and Hansen, 1978).

protective immunity elicted by secretory anitgens, such supplements have not

posed a serious disadvantage since the effect of extraneous proteins is
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irrelevant or otherwise controlled (Stromberg and Soulsby,1976, 1977;
Clegg and Smith, 1978). However, use of supplements when producing
secretory antigens for immunodiagnostic purposes has created serious
problems since secretory products, usually present in low concentration
(pg/ml), must be isolated in pure form, uncontaminated by supplementary
protein, usually present at high concentration (>10 mg/ml) (Guerrero,
Green, Silverman, Meradante, 1974.)

It has been known that second-stage larvae of T. canis 1iberate
secretory antigen when maintained in vitro in serum (Olson, 1960;
Hogarth-Scott, 1966). However, aside from this thesis and previous
work by the author (de Savigny, 1975) there have been no reports of
in vitro cultivation of toxocaral larvae nor of the production of
secretory antigen for the purpose of comprehensive characterization
and serological evaluation.

In contrast Ascaris suum, perhaps owing to the relative ease with
which the parasite is obtained, has received considerable attention in
terms of in vitro cultivation (Fairbairn, 1961; Arean and Crandall,
1961, 1962; Crandall and Arean, 1964; Cleeland, 1963; Levine and
Silverman, 1969; Justus and Ivey, 1969; Guerrero and Silverman, 1972;
Stromberg, Khoury and Soulsby, 1977; Stromberg, 1979).

In vitro studies by Levine and Silverman (1968) showed that HMEM

supplemented with porcine serum was a superior medium for the :

development of A. suum from the second to fourth larval stages. However
HMEM, without protein supplementation, failed to support Ascaris larvae
longer than 19 days. Other workers (Douvres and Tromba, 1970) have
experienced similar difficulty in maintaining Ascaris larvae longer than
three weeks in non-supplemented medium. The longest maintenance records
are: 110 days using protein supplementation (Cleeland, 1963); 65 days
using tri-peptide supplementation (this thesis); and 21 days using no




supplements (de Savigny, 1975).

It 1s significant therefore, that in the present study T. canis

larvae were maintained for over 500 days, in synthetic, unsupplemented
medium. The results indicate that subtle differences in the
composition of media such as exist between HMEM, EMEM, and M199 can
have a demonstrable effect on survival (Fig. 1) and dimensfons (Table 8)
of larvae. Evidently, HMEM contains all the essentials in satisfactory
proportion for the maintenance of actively metabolizing second-stage

T. canis larvae, and as such, should prove a valuable basal medium for
parasitologists investigating larval development, ecdysis, migratory
stimuli, chemotherapy, and physiology. These results also suggest a
fundamental difference in the nutritive requirements of the second-stage

larvae of Toxocara canis and Ascaris suum. More importantly, they

re-affirm the contention that long-term cultivation of all nematode
parasites is a practicable goal.

The relative ease by which long-term cultivation of T. canis has
been achieved may be due to the biological phenomenon of paratenesis
(characteristic of this parasite), which allows the biological "clock"
(Chuw and Pasternak, 1969,Zuckerman, 1974) of the second-stage larva
to stop for long periods for larval maintenance (without development)
in paratenic hosts. It has been noticed in some nematode species
(de Savigny, unpublished observations) that mortality in vitro commences
at the approximate time that ecdysis in vivo should occur. Perhaps
efforts in the in vitro cultivation field should be redirected
towards the stopping of the parasite's "clock"™ rather than improvement
of culture systems and media which may now be adequate.

The design of the Toxocara in vitro culture system excluded in vivo

steps., Although this resulted in higher ylelds of larvae compared

with in vivo hatching, of greater importance or antigen production,
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was the elimination of additional host antigen contaminants and

The assumption was initially

mediators of the host's {mmune system,

made that in vitro hatched larvae would secrete the same products as

would in vivo derived larvae. Immune precipitates observed at the oral

and excretory pores of in vitro hatched larvae (Fig. 2) incubated in

serum from rabbits with active infection, and electrophoretograms

(Fig. 5,8) of secretory antigen from in vitro hatched larvae versus

However, it is

the same immune rabbit serum, support this assumption.

possible that the host may induce production of additional secretory

products which are not evoked under in vitro circumstances.

Quantitative production of secretory antigen assayed by ELISA remained

relatively constant at approximately 200 pg/larva/day throughout

This production represents a daily turnover of

18 months of culture.

at least 0.1% of the larval biomass @stimated for a single larva as

125 ng). Antigen production remained constant despite the appearance

at five months, of opacities in the procorpal region. The nature of

this development was not investigated but it might reflect decline of

the culture, accumulation of waste metabolites, redistribution of

internal components, pathological change in secretory glandular

function, or perhaps crystalization and incorporation of phenol red

(HMEM pH indicator). Stained crystals have been noted in the

intestinal lumen of Haemonchus contortus and Ostertagia ostertagi

in vitro and were thought to be by-products of degenerative processes

(Bird, Waller, Dash and Major, 1978). Nematode “age pigment

granules* (Epstein, Himmelhoch and Gershon, 1972) and dark

pigmentation associated with geing (Kisiel, Himmelhoch and Zuckerman,

1973) are known. It is thought that pigment results from the

peroxidation of 1ipids (Chio, Reiss, Fletcher and Tappel, 1969). Procorpal

opacity was not correlated with mortality, however the possible loss of
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staining after death could not be excluded, It s noteworthy that larval

mortality increased as the mean length of second-stage larvae approached

the minimum length of third-stage larvae (slowfree=running of the “"clock"?).

A theory that genetic programming of protein synthesis may encompass

age related phases, in which genes produce useless enzymes, received

support from studies which demonstrate that {inactive enzyme molecules
accumulate with age i{n nematodes (Gerdwon and Gershon, 1970; Zeelon,

Gershon and Gershon, 1973). The foregoing considerations raised the

question of possible qualitative and quantitative changes in secretory

However no physico-chemical

antigen production in geing cultures.

differences were identified in antigen harvested at 15 months compared to

that produced at one month. Immunological qualitative differences are

investigated in Chapter III.

The observed thermo-phototropic behaviour exhibited by toxocaral

larvae might provide a useful means of purifying live larvae from dead

or moribund larvae and other contaminants.

Little is known concerning the chemical nature of nematode secretions.

Ammonfa, urea, peptides, amino acids, amines, uric acid and other organic

acids have been found in the excretions and secretions of a variety of

nematodes in vitro (Haskins and Weinstein, 1956; Weinstein, 1959;

Stirewalt, 1963). Such low molecular weight components, if present, were

removed during the diafiltration step of toxocaral secretory antigen

preparation. Enzymic activity in nematode secretions has been demonstrated

(Thorsen, 1963) including lipases and proteases. Olson and Izzat (1972)

suggested that the preciptates observed at the orifices of T. canis.

larvae incubated in homologous immune serum represent anenzyme-anti-

enzyme reaction such as the anti-dehydrogenase activity described by

Dusanic (1966) 1in experiments with Trichinella spiralis. It has been

logical to speculate that nematode secretions should contain enzymes

~



since these are known to be necessary for hatching and ecdysis
(Fairbatirn, 1961) and penetration of host tissues (Lewart and Lee, 1954;
Stirewalt, 1966). Protease activity has been demonstrated in Ascaris
secretions (Hinck and Ivey, 1976) but tt is not known 1f this arises
from ocesophageal (oral) or excretory pore secretions. It is generally
accepted that the nematode excretory system 1s in fact a glandular
secretory system (Weinstein, 1959; Romanowski, Rhoades, and Malakatis,
1973), and in ascarids, is probably associated with extracorporeal
digestion of host tissue (Gibson, 1976). The excretory system of
several nematode species contains alkaline phosphatase (Parshad and
Guraya, 1977), a feature which may compromise the use of secretory
antigens in enzyme immunoassays using alkaline-phosphatase as a label
if this phosphatase is released into culture supernatants.

The anterior secretory gland of Nippostrongylus brasiliensis,

Trichonstrongylus spp., Oesophagostomum spp., Necator americanus,

Ostertagia spp., and Cooperia spp. secrete acetylcholinesterase (Sande’son
and Ogilvie, 1971, Ogilvie and Yeates, 1974; Rothwell, Anderson, Bremer,
Dash, Le Jambre, Merritt and Ng, 1976; Masaba and Herbert, 1978;

Beaver and Dobson, 1978). Acetylchoﬂnesterase (AChE) was found to be a

useful marker for in vitro cultivation (Burt and Ogilvie, 1971) and to be
antigenically genus specific (Rothwell et al, 1976). AChE production
increased proportionately to host immunity (Sanderson and Ogilvie, 1971),
showed changes in 1so-enzyme pattern during response (Jones and Ogilvie,
1972), and stimulated a vigorous humoral responses (Yeates and 0gilvie,
1975). Since all nematodes which secrete AChE are gut-dwelling,
Rothwell (1974) postulated that, because host intestinal structures are
innervated by cholinergic fibres, nematode secretions containing AChE
could influence intestinal function at the site of infection and act as

a “"biochemical holdfast"™ for nematodes. Although the adult stage of
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Toxocara spp. is gut-dwelling, AChE was not demonstrated in secretions

of adults (Rothwell, et al. 1976) nor larvae (this study) when assayed

by the colormetric method of E11man, Courtney, Valentino, Featherstone
(1961).

Using techniques capable of high resolution, this work demonstrated

that secretions of toxocaral larvae contain a single major protein

component and at least two minor components. Compared with other helminth

crude somatic antigens, which usually consist of dozens to hundreds of

components, crude secretory antigen is a relatively simple mixture.

This finding is in concordance with studies of secretory antigen

heterogeneity in other species, which show the presence of between one

and seven components (Crandall and Zam, 1968; Neilson, 1969; Jenkins and

Wakelin, 1977) although Day, Howard, Prowse, Chapman and Mitchell (1979)

reported over 20 components in Nematospiroides dubius secretions. The

Coomassie Blue protein staining technique, with a sensitivity of 39 ng/uml2

(Switzer, Merril and Shifrin, 1979), suggests that components which
This would

were barely detected have an estimated content of 200 ng.

represent in te order of 2% of the protein applied to the gel. The

amount of protein in the major band is not known, however components

present at concentrations less than 20 ug/ml are probably not detected.

The high pI value (9.5) of the major component imparted cathodal

mobility at pH 8.6 and suggests that this is the major antigen seen in

immunoelectrophoretic studies. The unusually high pl value of the major

fraction should facilitate its concentration, isolation and purification

by prepaative isoelectric focusing.




SUMMARY

Studies of long-term in vitro maintenance for Toxocara canis

second-stage larvae confirmed the value of the HMEM culture system as

a reliable quantitative source of larval secretory antigen during at

least 18 months of culture. An enzyme immunoassay, developed to

quantitate larval secretions released during culture, indicated a daily

production of aproximately 200 pg per larva. Morphological changes in

the procorpal region of cultured larvae after five months in vitro are

described. The 1ife span of the Toxocara canis larval culture

(half-1ife 16 months) is the longest on record for any metazoan parasite

and supports the contention that in vitro cultivation of nematodes, in

synthetic media, is a practicable goal.

Studies, of antigen heterogeneity revealed toxocaral secretory

products as a simple mixture containing one major protein component and

two minor components, the former having a molecular weight of 42 X 103

daltons and pl of 9.5, while the minor components were of molecular

weight 120 X 103 to 160 X 103 daltons and pl of 5.2 and 5.5.

Glycoprotein, lipoprotein and acetylcholinesterase were not detected.

Single and bi-dimensional immunoelectrophoretic studies indirectly

identified the 42,000 molecular weight component as the major secretory

response
antigen evoking a humoral/in the host during natural infection.
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CHAPTER III

THE ENZYME-LINKED IMMUNOSORBENT ASSAY IN HELMINTHOLOGY
- DEVELOPMENT AND VALIDATION FOR TOXOCARIASIS -

INTRODUCTION

Enzyme Immunoassay

The serological diagnosis of infectious diseases has relied for

many years on assays which use secondary gross immunologic phenomena to

demonstrate the primary event (ie. the antigen-antibody interaction).

Such secondary serologic techniques suffer from various deficiencies

favouring of certain

insensitivity (precipitation);

including:

antibody classes (agglutination, haemagglutination, complement fixation);

sensitivity to interfering agents (complement fixation); use of live

pathogens (virus neutralization); and use of in vivo systems

(passive cutaneous anaphylaxis). These shortcomings prompted

development of immunoassays designed to measure primary reaction of
antigen with antibody rather than secondary immunologic effects. In

such assays, either of the reaction partners may be labelled with a

marker whose purpose is to allow (1) perception and amplification of
the primary antigen-antibody reaction, and (2) quantitation of antigen

or antibody. Various labels have been used: bacteriophages

(viroimmunoassay: Hamovitch, Hurwitz, Novik and Seal, 1970); free

radicals (spin immunoassay: Leute, Ullman, and Goldstein, 1972);

organometallic complexes (metaloimmunoassay: Cais, Dani, Eden, et al.,

1977); radioisotopes (radioimmunoassay for antigens: Yalow and Berson,

1960, and Ekins, 1960; immunoradiometric assay for antibody: Miles and

Hayes, 1968) and fluorophores (fluoroimmunoassay for antigen: Adler

and Laqu, 1971, {mmunofluorescence assay for antibody: Coons, Creech



116

and Jones, 1941, These assays each have high sensitivity but also

various 1imitations for practical application such as: unstable

and/or hazardous reagents; costly equipment: slow test performance; low

potential for automation; low potential for field use; narrow

applicabiltty.

The introduction of antibody-enzyme conjugates prepared without

significant lToss of efither anitbody or enzymic function (Avrameas and

Uriel, 1966; Nakane and Pierce, 1966) permitted the introduction of

enzyme immunoassays, developed independently in Sweden (Engvall and

Perimann, 1971) and Holland (Van Weemen and Schuurs, 1971) for the

purpose of antigen (hapten) quantitation. Later, Engvall and Perlmann,

(1972) developed the immunoenzymatic assay for antibody quantitation

which they named enzyme-linked immunosorbent assay (ELI5SA). Both
types of assay elegantly combined biological specificity provided by

antibodies, with biological amplification, afforded by enzymes, yet

avoided many problems inherent in other isotopic and non-isotopic

Practical application of ELISA in medicine was not

immunoassays.

significant until Voller, Bidwell, Huldt, and Engvall (1974) developed

the microplate modification, following which, the introduction of

enzyme immunoassays in many fields for quantitation of both antigens

and antibodies, followed an exponential course. Applications have been

comprehensively reviewed by: Engvall and Carlsson (1976); Scharpe,

Cooreman, Blomme and Laekeman (1976); Voller, Bartlett and Bidwell

(1976a); Wisdom (1976); Engvall (1977); Schuurs and Van Weemen (1977);

Voller, Bartlett and Bidwell (1978); Engvall and Pesce (1978);
0'Beirne and Cooper (1979); Voller, Bidwell and Bartlett (1979).

Enzyme {mmunoassays are either heterogeneous (ie. requiring the

separation of bound from unbound enzyme-labelled reactant to permit the

measurements of either "bound” or “free" enzyme activity (Voller,



Bartlett and Bidwell, 1978; 0'Beirne and Cooper, 1979) or homogeneous

(ie. no separation of bound or unbound reactants required) (Rubinstein,

Schneider and Ullman, 1972). It may soon be possible to quantitate

antibody by homogeneous immunoassay (Zuk, Rowley and Uliman, 1979;

Rubinstein, 1980) although no applications have yet been perfected.

Only heterogeneous assays have been used for immunodiagnosis of

infectious diseases, and of these, ELISA has found widest applicability
(Voller, Bidwell and Bartlett, 1979). In ELISA (Fig. 10) antigen is

passively adsorbed to a solid phase which is then incubated with test

antiserum. The presence of specific antibody reacting with (and bound

to) the solid phase is detected using enzyme-labelled anti-immunoglobulin

conjugate, followed by the appropriate enzyme-substrate. Each of these
stages (ie. antigen, antibody, enzyme labelled-anti-immunoglobulin and

substrate) is punctuated by a “bound-free" separation step. In the

final stage, it is assumed that the rate of enzyme hydrolysis of

substrate is directly proportional to the amount of enzyme-labelled

antibody bound to the solid phase, which in turn is proportional to the

amount of primary antibody bound; thus a single test produces a

quantitative result expressed on a continuous scale. ELISA for

detection of antibody {s now widely used in: studies of autoimmune

disorders (reviewed by Pesce, Kant, Ooi and Pollak, 1978); virology

(Bidwell, Bartlett and Voller, 1977); bacteriology (Carlsson and

Lindberg, 1978); mycology (Carlsson and Bernandes, 1976); protozoology
(Voller, Bartlett and Bidwell, 1979); and helminthology (reviewed below.)

Use of ELISA in helminthology

Parasitology is often late to benefit from advances in other fields,

however parasitologists have been quick to appreciate that the relative

merits of ELISA (ie. sensitivity, reliability, economy and practicality)

are of particular value to their field, and furthermore, that ELISA
might play a special role in the developing world. Many early
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applications of ELISA were devoted to parasitological, and especially

protozoological problems (reviewed by: Voller, Bartlett and Bidwell,
1976b; Bout, Dugimont, Farag and Capron, 1976: Anon, 1976;

Ruitenberg and Van Knappen, 1977; Hillyer and Kagan, 1979; Voller,

Bidwell and Bartlett, 1979).

Trematodes. ELISA was introduced by Huldt, Lagerquist, Phillips,

Draper, and Voller (1975) to detect antibody in patients with

schistosomiasis, initially by use of the macro (tube), and later

the micro (plate) formats (Voller, Bartlett and Bidwell, 1976).

Schinski, Clutter and Murrell (1976) evaluated various tests and found

ELISA and immunoradiometric assay to have the highest sensitivity.

Deelder, Ruitenberg, Kornelius and Steerenberg (1977) demonstrated that

useful data could be obtained when results were read by eye, but in field

application using adult worm antigens, ELISA lacked sensitivity and

specificity (Polderman and Deelder, 1977). MclLaren, Draper, Roberts,

et al. (1978) described the first use of ELISA in epidemiological studies

of schistosomiasis and encountered cross-reactivity with other

helminths but found specificity superior to that of IFA or CF. Other

applicatioms in schistosomiasis include those of Bout, Dugimont,

Farag and Capron (1976); Voller, Bartlett, Bidwell and Edwards,(1977);

Kelsoe and Weller (1978); Farag and Barakat (1978); Farag, Baraket,

Awadalla and El1-Gohany (1978); Salih, Bartlett, and Voller (1978);

McLaren, Long, Goodgame and Lilleywhite (1979); Hillyer, Ruiz-Tiben,

Knight, Gomes De Rios and Pelley (1979); Maddison, Kagan, Chandler,

Gold et al. (1979); Speiser and Weiss (1979). Madwar and Voller (1977)

and Stek (1978) used ELISA to detect circulating schistosomal antigens,

the latter reporting 100% specificity. Although most authors reported

enhanced sensitivity when using ELISA compared to conventional tests,
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few provided data concerning specificity. Of those detecting

cross-reactivity, none was able to improve specificity without

resorting to antigen purification (Bout et al., 1976).

ELISA has been used in the diagnosis of fascioliasis (Bout, et al.

1976; Grelch and Horchver, 1977; Burden and Hammet, 1978; Hillyer,

Carlier,

1978; Hillyer and de Weil, 1979; Speiser and Weiss, 1979;

Bout and Capron, 1979); however cross-reactions were variable.

There have been no applications of ELISA for paragonimiasis or

opisthorchiasis.

Cestodes. Echinococcosis (hydatid disease) has been the subject

of several applications; Bout et al. 1975; Capron, Bout and Dugimond,

1975; Sorice, Delia and Castagnari (1977); Ruitenberg, (1977);
Felgner (1978 a,b,); Ambroise-Thomas, Des Georges and Monget (1978);

Matossian, McLaren, Draper, et al.(1979) with acceptable results.
Other workers (Farag et al. 1975; Ballard, Gavilova and Zorikhina, 1979;

Speiser and Weiss, 1979) emphasized that purified antigens were more

Even so,

effective than crude antigens in ELISA for hydatidosis.

Speiser (1980) reported cross-reactions with fascioliasis and

filariasis.
Arambulo, Walls, Bullock and Kagan (1978) described a reproducible

ELISA for cysticerciasis in man using cysticercal antigens however

cross-reactions were observed with Echinococcus and Schistosoma.

Cross-reactivity could be avoided by using Taenia antigens however

In veterinary applications, ELISA,

sensitivity was compromised.

using somatic cysticercal antigen, performed well in the diagnosis

of experimentally infected animals, but failed in field application

because of high cross-reactivity with other helminths, including

nematodes (Craig and Rikard, 1980).
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The application of ELISA for nematode infections has

Nematodes .
received comparatively 1ittle attention, most of which has been

directed to toxocariasis (reviewed in Chapter I, Section E) and

trichinosis.

The first application of ELISA in parasitology was for

trichinosis in pigs (Ljulgtmm. Engvall and Ruitenberg, 1974).

Considerable effort was devoted to the technical development of

large-scale, automated, serologic screening procedures needed in

detection (Ruitenberg,

veterinary applications for trichinosis

Steerenberg, Brosi and Buys, 1974; Ruitenberg, Steerenberg and Brossi,

1975; Ruitenberg, Ljungstrom, Sterenberg and Buys, 1975; Ruitenberg,

Steerenberg, Brosi and Buys, 1976; Ruitenberg, Van Amstel, Brosi

and Steerenberg, 1977; Ruitenberg and Van Knappen, 1977 a,b; Saunders,

Clinard, Bartlett, Peterson, Sanders, Payne and Martinez, 1977; Saunders,

Arising from these studies was an

Clinard, Bartlett and Sanders, 1977).

automated ELISA system, operated by two workers, and capable of

processing 4000 sera per day. However during this period, virtually no

critical study examined the validity of using crude Trichinella spiralis

antigen. Recently the problem of extensive false positivity was

recognized and this now represents the 1imiting factor in the

implementation of such programmes (Clinard, 1979). Trichinosis in man

has been diagnosed using ELISA by Engvall and Ljungstrom (1975)

Ambroise-Thomas, Des Georges and Monget (1978) and Manweiller, Stumpf,

Felgner, and Lederer (1978).
Bartlett, Bidwell and Voller (1975) designed ELISA procedures using

crude whole worm extracts of Onchocerca volvulus, Onchocerca gutturosa

Necator americanus, Dinetalonema viteae, Litomosoides carinii,

Brugia pahangi and Ascaris suum. 0. volvulus antigens obtained from

human tissue gave unacceptably high non-specific (“background") values



in ELISA, possibly due to contamination of antigens with host

Extensive cross-reactivity was encountered among the

immunoglobulin.

other species and these authors did not recommend ELISA using crude

antigen as an alternative to conventional serodiagnostic methods for

nematode infections.

Marcoullis, Salonen and Grasbeck (1978) used sequential affinity

chroma tography to purify 0. volvulus whole worm extracts for use in

ELISA but high backgrounds and cross-reactivity persisted.

Speiser and Weiss (1979) evaluated ELISA using antigen of seven

helminth species, including Ascaris suum and Dipetalonema viteae,

against panels of sera from nine parasitologically diagnosed helminthic

diseases and concluded that when using crude antigens and testing at

a single serum dilution, ELISA was inadequate for specific

immunodiagnosis.

Ogilvie, Bartlett, Godfrey, Turton and Yeates (1976) described
the successful application of ELISA using the secretory antigens of

Necator americanus. Secretions of one adult worm provided sufficient

antigen for 300 quantitative assays of high sensitivity. Cross-

reactions were noted with Ancylostoma but not Onchocerca.

The salient features of the literature describing helminthological

applications of ELISA are: (1) ELISA is particularly suited to

large-scale diagnostic and seroepidemiological studies; (2) ELISA has

equal or superior sensitivity in the detection of helminthic infection

compared to conventional serologic methods; (3) ELISA, using crude

helminth antigen has inferior and often unacceptable specificity

compared to conventional methods; (4) few studies have provided

critical assessments of specificity and cross-reactivity; (5) few

studies investigated the use of purified helminth antigens in ELISA;
(6)

there have been no comprehensive studies of the use of helminth
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secretory antigens in ELISA; (7) at the inception of this work, there
had been no application of ELISA for toxocariasis.

This chapter describes the development and validation of ELISA

for toxocariasis using larval secretion as antigen.




123

MATERIALS AND METHODS

Toxacara Enzvme-linked Immunosorbent Assay

The immunoenzymatic assay used was the indirect microplate

enzyme-1inked immunosorbent assay (ELISA) described by Voller,
ELISA was adapted for toxocariasis by

Bidwell and Bartlett (1976).

using as antigen, Toxocara canis second-stage larval secretory

products, obtained from in vitro culture in chemically defined, low

molecular weight medium, and extracted as described in Chapter II.

Optimal test parameters including solid-phase, dose and incubation

times for antigen, test serum, and conjugate were determined

experimentally.

In the optimized system, antigen was diluted to 100 ng/ml of

protein in carbonate buffer, pH 9.6 and by employing passive

adsorption at 4%c for 18 hours, 200 ul quantities of antigen (20 ng)

were coated onto the wells of disposable polyvinyl ELISA plates

Plates were washed by three, three

(Cooke, Microtiter 1-220-29).
minute rinses in phosphate buffered saline containing 0.05% Tween 20

Plates were given

(PBS-Tween, pH 7.4) to remove unadsorbed antigen.

a quick rinse 1n distilled water to remove buffer salts before drying

at 37°C for 30 minutes and packaging individually in heat-sealed

polyester-aluminum foil sleeves containing silica gel desiccant.

Sealed Toxocara ELISA plates were stored at 4%, To test sera, wells

were incubated for 2 hours at room temperature with duplicate,

200 ul volumes of patients' or reference sera diluted 10'3 in

PBS-Tween. Further washing, as above, removed unbound serum components,

To assay specifically bound antibody, wells were incubated for 18

hours at 4°C with 200 ul of alkaline phosphatase-labelled anti-human

IgG ( ¥ chain specific) prepared by the one-step glutaraldehyde method
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(Avrameas, 1969; ad modum Voller, Bidwell and Bartlett, 1976)"

Following washing, 200 ul of enzyme substrate, 4-nitrophenyl phosphate

(1 mg/ml), diluted in diethanolamine buffer, pH 9.8, were added at

20°c. Enzyme hydrolysts of substrate was monitored photometrically.

After the appropriate interval, as determined by the reaction rates

of reference standards, hydrolysis was terminated by addition of 50 ul

Results (ELISA values) were determined

of 3M sodium hyroxide.

photometrically (Dynatech Vitatron ELISA Reader or Flow Multiskan)

at 405 nm and expressed in absorption units (l\405 cm"). Unless

otherwise indicated, all ELISA values reported are mean results of

duplicate assays.

Controls

Replicates of positive and negative standard sera were tested in

After ten minutes of substrate

each ELISA plate within all assays.

reaction, two of the replicate standards were terminated on each plate

and the A405 determined photometrically (A]). Termination time for

the remainder of the plate was then calculated using the known "target"

A405 (Az) of each standard according to the formula:
(A,) X (10 min)
(A7)

Following termination of the remainder of the wells according to the

Expected Substrate Reaction Time (min) =

calculated reaction time, mean ELISA values of the remaining replicates

were compared to target ELISA values, If these were disparate by a

factor greater than the coefficient of variation (CV %) of the assay,

all ELISA values would then be corrected by multiplication by the

factor:

(A Expected / "‘405 Observed).

405

* Anti-human IgG alkaline phosphatase conjugate was prepared by
Dr. Ann Bartlett, Nuffield Laboratories of Comparative Medicine,London.




125

The same positive and negative standard sera were used as references

throughout this study and the positive negative ratio was monitored to

detect drifts in assay sensitivfty.
In addition, a quality control serum was included in each row of

each ELISA plate to assess {ntra-assay and inter-assay precision,

calculated as the coefficient of variation (CV % = 5:9 X 100).

X
Results of an assay were rejected if the intra-assay CV was greater

than 10%. Results of a study were rejected if the inter-assay CV was

greater than 15%.

The ELISA protocol described above was modified to measure

anti-Toxocara, class specific immunoglobulin responses in experimentally

infected mice, rabbits, pigs, and rhesus monkeys, by use of species

For some species,

specific conjugates (one-step glutaraldehyde method).

peroxidase conjugates were used in conjunction with o-phenylenediamine

(34 mg/100 ml) and H2 02 (40 pl 100/m1) substrate in citrate-phosphate
buffer, pH 6.0. Reaction was terminated with 50 ul of 5 N H2 So4 and

results read photometrically at 492 nm.

Toxocara IgM-ELISA
To measure IgM anti-Toxocara responses by ELISA, 50 ul volumes of

test sera were fractionated by micro-column chromatography on Bio-Gel

A-5m (Pyndia, Krech, Price and Wilhelm, 1979) and the IgM peak tested

at an estimated dilution of 1:100 using the I1gG ELISA protocol with

anti-IgM (u chain specific) enzyme-conjugate. Approximately 30 sera
per day could be fractionated by this method.

Toxocara Immunoradiometric Assay
For performance comparisons with ELISA, an immunoradiometric assay

(IRMA) was devised using the ELISA protocol but substituting radioisotope

labelled anti-human IgG in place of the enzyme conjugate. Care was

taken that all parameters were held constant except the enzymic or



isotopic labels and their detection methods. Isotope labelling

(‘251) of the same antibody preparation used in enzyme conjugates was

done by the chloroglycouril method of Markwell and Fox (1978)%

Results were read by excising individual wells into a rack gamma-counter

(Nuclear Enterprises, NE 1600). Conjugates (phosphatase-, peroxidase-,
125
and

I- labelled anti-1gG) were adjusted to the same molar

Equivalence of antibody molar concentration

concentration of antibody.

in enzyme conjugates was confirmed by polyethyleneglycol (PEG)

precipitation of 125I-label'led IgG.

Toxocara Somatic Antigen ELISA

For comparative purposes, an ELISA using Toxocara larval somatic

antigen was developed. Antigen, prepared as described in Chapter II,

was used at an experimentally determined 