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F e e i ST o ot

A number of ticks were reared in the laboratory but were found
to be unsuitable since no signs of the disease were produced

when up to ten were attached to a dog. All experiments reported

in this study were conducted using wild-caught unfed adult

female ticks.

The period to onset of clinical signs from attachment varied

from 5.5 to 9 days, with most dogs showing signs on day 6 or 7.

Mild hypoxaemia was present when paralysed dogs reached the
stage of lateral recumbency with no withdrawal reflexes. Just
prior to death, moderate hypoxaemia with acute ventilatory

failure and a mild metabeolic acidosis was present.

The biochemical abnormalities found were unremarkable and
difficult to interpret but could represent the biochemical

response to release of catecholamines and/or corticosteroids.

Histological examination of sections from heart, lung, liver

and kidneys demonstrated moderate to severe congestion.

There was a progressive fall in respiratory rate with no change
in tidal volume. Expiratory time was prolonged due to closure
of the vocal cords during expiration. A progressive increase
in the difference between alveolar and arterial oxygen tensions

was observed.




The electrocardiographic changes were extremely variable between
animals and even in an individual animal. The abnormalities in
rhythm recorded were sinus tachycardia, ventricular tachycardia,
sinus arrest and sinus bradycardia. The sinus bradycardia

observed terminally was probably due to increased vagal tone.

There was an increase in peripheral vascular resistance leading
to a significant elevation in mean arterial pressure at all
stages of the disease. Heart rate was elevated until two hours
before death when it tended to decrease. Mean cardiac output
decreased throughout the disease. The elevation of pulmonary
arterial pressure despite the reduction in cardiac output
indicated an increase in pulmonary vascular resistance. Although
cardiac stimulation was present, there was no increase in
measured contractility. These changes appear to be due to

central sympathetic stimulation.

The value of three drugs, promethazine hydrochloride, dexametha-
sone and phenoxybenzamine hydrochloride, in combination with
hyperimmune serum and hyperimmune serum alone, were compared

in the treatment of dogs at an advanced stage of the disease.
Each drug when combined with hyperimmune serum was found to be

more beneficial than hyperimmune serum alone. Phenoxybenzamine

hydrochloride, a drug which reverses many of the cardiovascular

abnormalities found, was the most beneficial. No dog survived

without the use of hyperimmune serum.
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INTRODUCTION

In Australia, tick paralysis is a disease produced by the
three-host tick Izodes holocyclus. It has intrigued and captivated
both observers and students for almost a century, defied under-
standing by scientists and evaded treatment by medical practitiomers.
Mortalities have been reported in man (principally infants), foals,
calves, pigs, sheep, dogs, cats and poultry. In contrast, death is
rarely observed in native fauna.

Cases of tick paralysis are seen only along the coastal regions
of eastern Australia. This very limited distribution is due to the
susceptibility of Izodes holocyclus to slight variations in temperature,
and particularly humidity. In the vicinity of Sydney, the rainfall
20 miles inland may be a little more than half that in the metro-
politan area, and with this decline the incidence of the disease
falls very rapidly. Another factor goverming the incidence of the
disease is the presence of the bandicoot (Perameles sp. and Isoodon
sp.). These small marsupials are always heavily parasitized and are
important hosts for the tick.

The disease is characteristically described as a rapidly-

ascending flaccid motor paralysis. The first signs in the dog are

usually an altered voice and slight incoordination of the hind-

quarters. The disease progresses to an inability to walk, then to
stand and finally to right. The muscles of the head and neck then
become affected and respiratory embarrassment is a marked feature of
severe cases. If the animal is not treated early and the ticks
removed, death is inevitable.

Clinical examination and acid-base studies carried out on tick-

affected dogs presented at the University of Sydney Veterinary




Hospital have provided data suggesting that death from tick poisoning
should not be attributed solely to respiratory paralysis.

This study was undertaken to establish a background of compre-
hensive clinical and experimental data essential to an understanding
of the clinico-pathological course of the disease. Accordingly

studies of the respiratory and cardiovascular systems, electrolytes,

biochemistry, haematology and post-mortem examination were carried

out on experimental dogs infested by Ixodes holocyclus. The results
obtained were then applied to develop a rational method of treatment
for tick paralysis, especially for those animals presenting in an
advanced stage where current methods of treatment usually fail to

prevent death.
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1.1 EARLY HISTORY

The first reference to tick paralysis is from the diary of
Hovell, the explorer, describing his journey from Lake George to

Port Phillip in 1824, and published in 1921. He wrote about "the

small insect called the tick, which buries itself in the flesh, and

would in the end destroy either man or beast if not removed in time'.

Bancroft (1884) drew attention to a disease produced by ticks in
dogs. He observed that ticks found in the thickly wooded districts
were very toxic to introduced animals, but that native animals
appeared to be unaffected. The disease produced in dogs and cats
was so severe that if ticks were not removed, death could be expected
within three or four days. In the adult human, however, the symptoms
seen were those of weakness, a fear of falling when stooping or
getting up and blindness. These symptoms gradually disappeared over
a period of a month after removal of the tick.

A decade later, Stuart (1894) presented a summary of 100 cases
of tick bites in animals. The question of immunity was raised, and
it was noted that in some districts where ticks abounded, dogs were
rendered immune by allowing the ticks acquired naturally to remain on
the animal until the first signs appeared. These signs, he claimed,
could sometimes be seen within a few hours of attachment of the tick.

Naming of the tick Izodes holocyelus was by Neumann in 1899.

He described the adult and nymphal stages, but no mention was made
of the larval stage.

It was pot until 1912 that a case of paralysis was reported in
man. Cleland described paralysis and death in a 13 month old girl
in which a large tick was removed from behind the left ear. On

examination she was unable to stand and appeared agitated. Her




temperature and pulse rate were elevated, respiration was rapid and
shallow, and she had great difficulty in coughing up mucus. Later
that evening she collapsed suddenly after failing to bring up mucus
and died. Another case discussed by Cleland (1912) was a patient
who showed signs of faintness within an hour of attachment of 200
ticks. On examination he had a weak pulse and syncope, and although
there were no signs of paralysis, the patient remained ill for a

week with signs referable to the heart.

In a severe non-fatal case of tick poisoning in a child (Eaton,

1913) the first signs were those of refusal to eat, restlessmess and
an unsteady gait. The signs progressed to an inability to stand and
frequent vomiting and then to a state bordering on delirium. Her
temperature and pulse rate were elevated and respiration was rapid
and shallow and performed mainly by the accessory muscles of
respiration. Pupillary dilation that was unresponsive to light and
pilocarpine was observed. The leg muscles were flaccid and knee
jerks, wrist jerks and plantar reflexes could not be elicited. The
next day the patient was more alert, temperature had returned to
normal and breathing was easier. There was no return of voluntary
movements, but the muscles did not appear as flaccid as before. The
pupils were still dilated and did not respond to light but responded
weakly to pilocarpine. The child continued to improve and had
completely recovered witﬁin a week.

In another non-fatal case of tick paralysis reported by
Strickland (1915) the child complained of feeling very sick and
giddy four days after walking in the bush. His condition deterio-
rated until he could no longer walk without assistance, and his face
was asymmetrical. The examining doctor found a large tick in the

ear, and after removal the boy had fully recovered in ten days.




It was not until 1921 that a definite link between the disease
and the agent was established when Dodd proved experimentally that
a causal agent of tick paralysis was Ixodes holocyclus (Neumann).
By sending his own dog into the bush and searching it afterwards
he collected adult ticks before attachment. One female tick was

placed on each of three dogs, which subsequently became paralysed,

died and were subjected to a post-mortem examination. The ticks

were removed from the dead dogs and identified. This experiment
established two facts:
1) there was a period of 5-6 days from the time of attachment

to the time of appearance of clinical signs; and

the signs were those of a motor paralysis with the sensory

pathways apparently unaffected.

A review of deaths in humans from tick paralysis was published
by Ferguson in 1924. The case reported by Cleland (1912), as well
as seven new cases, were listed. Information was obtained in each
case from the attending medical practitioner, but it contained
little detail.

Following these early reports, more comprehensive experimental
work concerning the tick and the disease it produced was undertaken,

and this is discussed in the next sectiouns.

1.2 CLASSIFICATION

Ticks, together with mites, belong to the order Acari or Acarina,
class Arachnida, phylum Arthropoda (Fig. 1 i). Ticks are placed in
the suborder Ixodoidea. They are characterized by an elongate

hypostome furnished with rows of recurved teeth, a pair of spiracles
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FIGURE 1i

CLASSIFICATION OF TICKS

PHYLUM Arthropoda

SUBORDER Ixodoidea

FAMILY

SPECIES holocyclus hirsti cornuatus




either posterior or anterior to coxa IV, cheliceral digits with the
dentate faces directed externally and working in a horizontal planme,
and of a conspicuous sense organ, Haller's organ, on tarsus I
(Roberts, 1970).

Two families are recognized, Ixodidae and Argasidae.

Ixodidae are the "hard" ticks. They possess a dorsal scutum in

all stages, which covers practically the entire dorsum in the adult
male, but only the anterior portion in the adult female, nymph and
larva. The capitulum is terminal in all stages, and in the female
the basis is furnished with porose areas. Articulation of the palpi
is variable, and the fourth article is much reduced. Eyes, when
present, are situated laterally on the scutum. The spiracles are
posterior to coxa IV. The coxae are frequently provided with spurs,
and sexual dimorphism may be marked. The total number of known
world-wide species of ixodid ticks is around 590 (Roberts, 1970).

Family Ixodidae consists of the Prostriata and Metastriata.

The Prostriata includes the genus Ixodes, in which the anal grooves
embrace the anus anteriorly and usually unite in an arch or point.
The external morphology of the male and female ixodid tick is illust-
rated in Figures 1 ii and 1 iii. There are at present 22 species
(Roberts, 1970) of this genus occurring in Australia.

Ixodes holocyelus (Neumann), illustrated in Figures 1 iv and 1 v,
is commonly recognized as causing death due to paralysis in domestic
and native animals (Dodd, 1921; McMichen, 1934).

Ixodes hirsti (Hassall), illustrated in Figures 1 vi and 1 vii,
was reported by Roberts (1961) associated with a case of paralysis
in a cat,

Roberts (1960) recorded an association between Ixodes corruatus

(Roberts) and tick paralysis in a dog at Lakes Entrance, Victoria.
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FIGURE 1ii
EXTERNAL MORPHOLOGY OF AN IXODID TICK
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FIGURE 1 iii
EXTERNAL MORPHOLOGY OF AN IXODID TICK
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FIGURE 1 iv
IXODES HOLOCYCLUS - MALE
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FIGURE 1 v
IXODES HOLOCYCLUS - FEMALE

SCUTUM HYPOSTOME

CAPITULUM (DORSAL VIEW)
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FIGURE 1 vi
IXODES HIRSTI - MALE
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4 FIGURE 1 vii
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FIGURE 1 viii
IXODES CORNUATUS - MALE
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FIGURE 1 ix
IXODES CORNUATUS - FEMALE

SCUTUM COXAE |-=1V
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Further evidence that this species may induce paralysis has since
been encountered in dogs in northern Tasmania, sheep at Orbost, and

a calf at Tostaree near Orbost, Victoria (Roberts, 1970). For

comparison with Ixodes holocyelus, the external morphology of Ixodes

cornuatus is illustrated in Figures 1 viii and 1 ix.

1.3 DISTRIBUTION

Ixodes holocyclus is not indigenous only to Australia and has
been recorded in New Guinea, Indonesia, Kei Island and India. In
Australia it is restricted to bush and scrub country and is found in
the coastal area of Queensland, New South Wales and northern Victoria
(Fig. 1 x). Usually it is found within a few miles of the coast, but
in southern Queensland and northern New South Wales it extends some-
what further inland.

In Queensland where it is most prevalent in rain forest country,
it has been found in the south as far inland as Warwick and Bunya
Mountains near Dalby (Roberts, 1970).

In New South Wales it rarely ranges more than ten miles or so
from the coast, but there are some records from the Armidale area
(Roberts, 1960). It is abundant in the vicinity of Sydney.

In Victoria the most southern locality from which Ixodes holo-
cyclus has been collected was Bairnsdale, near Lakes Entrance
(Roberts, 1960).

No specimens of Ixodes holocyclus have been seen in Tasmania,
and although it was recorded by Nuttal, Warburton, Cooper and
Robinson (1911) in Western Australia, Roberts (1960) did not find it

in this state, and there are no records of tick paralysis from this
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FIGURE 1 x
THE DISTRIBUTION OF IXODES HOLOCYCLUS
IN AUSTRALIA

Lakes Entrance

Ticks endemic 2




part of Australia.

Ixodes hirsti was first described under the name victoriensis
(Hirst, 1930), from Lower Tarwin, Victoria. Roberts (1960 and 1964)
added the localities Selby, Cape Otway and Sassafras (Vietoria),
Mount Irvine, Taronga Park Zoo and Colo Vale (New South Wales), and

King -Island, Mount Wellington and Smithton (Tasmania). Roberts (1961)

also recorded it from Reedy Creek, south-eastern South Australia.

New locality reports (Roberts, 1970) are Allambee, Sandy Point, South
Gippsland, Sperm Whale Head, Forrest, San Remo (Victoria), Deviot,
Clarence, Blue Mountains (New South Wales), Bald Island, near Albany
(Western Australia), and Kangaroo Island (South Australia).

Latest records (Roberts, 1970) show Ixodes cornuatus to be
present in the southern coastal areas of New South Wales, eastern

Victoria as far west as Dandenong and Mount Buffalo, and in Tasmania.

1.4 LIFE CYCLE

Ixodes holocyclus is a three-host tick which engorges and then
falls off the host between each successive stage of the life cycle,
as illustrated in Figure 1 xi. The following description is taken
from work carried out by Ross in 1924,

Larvae collected from captured bandicoots indicated that larval
engorgement usually took from 4 to 5 days, but could take as long as
six days.

Following engorgement, larvae fell off the host and subsequently
moulted to the nymphal stage. The period of time occupied by the
first moult was greatly influenced by the degree of heat and moisture

at which the engorged larvae were maintained. Under suitable
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FIGURE 1 xi
THE LIFE CYCLE OF AN IXODID TICK

ENGORGED FEMALE

ADULT FEMALE

ENGORGED NYMPH




conditions of moisture and optimum temperature (27.5°C) the quiescent

period was about 20 days. At room temperature, however, it was

A

extended to about 40 days.

B S T

7
Toeseni

Nymphs which had just emerged after moulting showed little

<L

tendency to move about for two or three days, but them started to

e T S

climb up the walls of the tube in which they were kept. In four

days the majority were clustered about the top of the tube, and in

e Yik

5-6 days they became very active when disturbed. When placed on a
bandicoot eight days after moulting, the nymphs attached. The

period that nympks remained attached to and engorged on the host

e —

varied from 4 to 7 days, although most fell off on the fifth day.

As with the larvae, cold lengthened the time taken before the moult,
but did not prevent it from taking place. The shortest period taken
was that of 20 days when the nymphs were incubated at a temperature

which ranged from 24 to 27°C. If the nymphs were kept at room

temperature (falling as low as 10°¢ at night), and in moist conditioms,

the adults emerged in 53-65 days. Dry atmosphere was either fatal to
the engorged nymphs or prolonged the moulting period.

When they first emerged, the adult males were shiny-black with
rounded bodies, slightly convex on both dorsal and ventral surfaces.
After one or two days they tended to become yellowish-brown in colour
due to the passage of large quantities of black faecal material, and
their ventral surface became less convex. The legs at the same time
changed from a pale yellow to a reddish colour. With time the ventral
surface became markedly concave and the scutum transparent so that
the outline of the black intestinal caeca could be seen clearly.

Upon emerging, the body of the female was much lighter in colour
than that of the male, with a semi-transparent greyish appearance.

It was thick and rounded posteriorly and somewhat convex on both
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dorsal and ventral surfaces. The legs also were very pale and trans-
parent. The body darkened rapidly in the first day or two and became
a dull greyish-yellow, while the scutum was yellow in the median
field with dark lateral borders. For the first two or three days
after moulting there was little movement, then the newly-hatched
adults commenced to move up the walls of the container in which they
were kept, and in six or seven days they became quite active if
disturbed. Females placed on dogs nine days after emerging attached
themselves.

Coupling is the period during which the male and female remain
attached to each other to enable copulation to take place. Coupling
was thought to occur away from the host. It occurred readily in the
laboratory, usually about five days after the females emerged. One
male could copulate with more than one female and vice versa. The
duration of coupling varied considerably from a few hours to three
or four days. Coupling was thought not to be essential for engorge-
ment.

The preferential site of attachment of females on dogs was
around the anterior part of the body, especially behind the ears,
on the jaws and the neck. Males were not found attached to the host.
Attachment to the host did not produce pain or discomfort. Not all
females engorged and some died in situ.

The period occupied by engorgement varied greatly according to
the temperature at which the host was maintained. Adults remained
attached for as long as 21 days in winter weather when the temperature
fell to 6°C during the night. The shortest period for engorgement
was six days in warm summer weather.

The process of engorgement usually followed well defined steps.

For the first 24 hours there was little, if any, increase in size,




but there was a slight dorso-ventral thickening of the posterior
part of the body. On the second day this thickening became more
pronounced and there appeared to be a slight increase in length.
This gradual increase in size continued on the third day, the body
was now greyish in colour and noticeably lengthened. On the fourth

day there was again an increase in length, but little increase in

thickness. On the fifth day the tick increased considerably in

length and breadth and became darker in colour. The period of final
rapid engorgement had then been entered, and the following day the
tick was found to have increased enormously in all dimensions and to
have become a glossy greenish- or bluish-black. It completed
engorgement and fell off in the next few hours.

After the females fell off, they were active for several days,
but then became inactive and sought cover.

The period during which oviposition took place was subject to
considerable variation, ranging from a minimum of 16 to a maximum of
34 days. The number of eggs laid per day was a maximum of 200 during
the early period of oviposition, while towards the end only 20 or
less per day were laid. Usually females died within a day or two
after oviposition. The total number of eggs laid by a female varied
from about 1,800 to 2,500.

In view of the susceptibility of eggs, engorged larvae and nymphs
to a dry atmosphere and the decreased susceptibility of unfed adults
to dryness, Ross (1924) concluded that the influences of heat and
moisture account for the seasonal incidence of the various stages
under natural conditions. During the cold winter months the various
metamorphoses and hatchings of eggs are greatly prolonged. The
warmer spring and early summer weather with heavy dew at night, how-

ever, causes rapid metamorphoses to the adult stage in large numbers.




As the summer advances and conditions become hotter and drier, ticks

become less numerous, but because the adult stages are less affected

by environmental conditioms,cases of tick paralysis continue to be

seen through November and December. Then with autumn rains and cooler
weather, conditions are again more favourable for development, and a

second smaller peak of activity may be found in May.

1.5 NATURE OF THE PARALYSIS

The disease produced by Ixodes holocyclus is described as a
rapidly ascending motor paralysis and may follow infestation with
adults (Dodd, 1921), nymphs (Ross, 1932) and larvae (Oxer and
Ricardo, 1942). Larvae, however, have only been incriminated

experimentally when 500 were found to be fatal to a guinea pig.

Dogs

The disease is seen most commonly in the dog. Ross (1926)
demonstrated that one tick was sufficient to cause paralysis with
progression to death, but that not all adult female ticks were
capable of producing the disease.

Where ome or two ticks only were attached, there was no risk of
paralysis developing before the fifth day. Mass infestation with

adults in a small pup produced signs of incoordination of the hind-

s gl

quarters early on the fourth day (Ross, 1934).
Many investigators (Bancroft, 1884; Dodd, 1921; McKay, 1928;

Ross, 1935; Knott, 1961) have described the clinical signs in the

N e

dog, but the most detailed observations were those of Ross (1926).

Some dogs became depressed before definite signs developed, and




sometimes there was an appreciable rise in temperature. Altered
voice, cough and some dysphagia were early signs noted by Seddon
(1968) while Ross (1926) claimed that the appetite was usually
unaffected.

The first consistent clinical sign is a slight incoordination

of the hindquarters. Whether the ticks are removed at this stage or

not the incoordination becomes more marked, and soon the dog is

unable to stand. Movements of the limbs, although vigorous, are
uncoordinated. The motor disturbance ascends rapidly to involve the
muscles of the forelimbs so that the dog cannot raise itself and

lies in sternal recumbency; respiration is slow and embarrassed.
Violent retching occurs after taking food or water, but vomiting is
difficult. In fatal cases the muscles of the head, neck, tongue and
larynx become affected, swallowing is difficult and retching is
marked. Some movement of the limbs is usually possible, so that the
dog makes feeble convulsive movements, usually associated with respi-
ration.

The reflexes which can be elicited in the dog are either modi-
fied or abolished early in the disease. The pupil is widely dilated
but may still react to light till shortly before death.

In contrast to the severity of the motor disturbance, other signs
are slight. There is often an initial fever, but the temperature in
severe cases becomes subnormal. Even in severely affected animals
consciousness is not lost and the animal is aware of any activity in
its immediate surroundings and can always recognize its owner. There
appears to be little depression of the cardiovascular system and a
strong regular pulse is maintained till shortly before death (Ross,
1926).

Defaecation and urination are normal while the animal is able to
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stand. When unable to stand, it is difficult to determine whether
the retention which subsequently occurs is voluntary.

Severe forms of the disease are associated with a rapid omset
of signs after attachment of the tick. According to Ross (1926),
death in all cases appeared to be due to respiratory paralysis.

The severity of the respiratory signs appeared to rum parallel to
the degree of paresis affecting the limbs, and without treatment no
experimental dogs recovered if the stage of inability to stand was
reached.

Pulmonary oedema, as well as aspiration pneumonia, have long
been suspected as a cause of death, and myocarditis was also thought
to occur in severe cases where vomiting was a prominent sign and
recovery was slow. In several cases sudden and violent exercise
within a day of complete recovery from severe paralysis resulted
in collapse and death within a matter of minutes (Allan and Pursell,
1971).

Four cases of "autonomic" dysfunction of the bladder associated
with tick paralysis were reported by Gordom (1972). 1In each case
the dogs continued to dribble urine for 1-2 weeks after complete

recovery from the paralysis.

Cats

The signs of tick paralysis in cats are similar to those in
dogs, but vomiting is uncommon (Dodd, 1921). The mortality rate
according to Knott (1961) is much lower thanm in dogs, and there is
a greater tendency to develop an immunity from natural infestations
and to retain such an acquired immunity. The favourite sites for
attachment of the ticks are behind the elbows, between the shoulder

blades and on the head and neck, but they have also been found on




the flanks, the tail and in the anus (Seddon, 1968).

Horses

Heavy mortalities in foals have been reported on the Atherton
Tablelands in Queensland (Knott, 1961) and in north-western New South
Wales (Seddon, 1968). The disease may be fatal in adults if mass
infestation occurs (McCarthy, 1958).

Bootes (1962) reported the death of five yearling standard-bred
foals on a property near Newcastle. First signs, seen six days after
introduction to the property, were a posterior paralysis which quickly
ascended and was fatal within 24 hours. Up to 40 ticks in various
stages of engorgement were removed from each foal and no treatment

was attempted.

Sheep

Considerable losses (up to 42%) have been reported in sheep on
the Atherton Tablelands (Legg, 1927) and Lake Tyers at Victoria
(Sloan, 1968).

All degrees of incoordination from partial ataxia of the hindlimbs
to complete paralysis were observed (Sloan, 1968). Several of the
moribund sheep were in sternal recumbency, but most were lying on their
sides. Respiratory exertion was very marked, with expiratory groaning
detectable in some cases at a distance of ten metres. All recumbent
sheep had pupillary dilation and several produced copious quantities

of clear viscid mucus from the mouth and nostrils. Three sheep that

died during observation showed extreme respiratory distress immedia-

tely prior to death. Ticks were found predominantly around the eyes,
ears, face and lateral aspects of the neck. Keratitis was a common

feature described by Knott (1961) and often preceded paralysis.




Goats
Goats were reported by Knott (1961) to develop paralysis, but
they generally recovered. Keratitis and eye discharge were noticed

in association with the paralysis.

Cattle

Graziers in coastal New South Wales and southern Queensland

claim that the losses from tick paralysis have increased over the
years (Doube, 1975). They attribute this to effective 1080 poisoning
campaigns against dingoes and foxes, which have allowed bandicoots
and hence the tick population to increase significantly.

From field experience it appeared that the paralysis problem in
cattle was limited to young calves born in spring and susceptible
cattle introduced into tick-infested country in spring. The
susceptibility of unexposed cattle was a function of their size and
age, and the number of ticks engorging on them. Between three and
ten females were required to paralyse calves 2-3 weeks of age,
weighing 30-40 kg, whereas 20-25 females were necessary to paralyse
weaner steers weighing between 80 and 160 kg (Doube and Kemp, 1975).

The clinical signs are similar to those described in the dog.
The onset of posterior incoordination is usually sudden, and death
may occur shortly after the animal becomes recumbent or may be

delayed for a period up to three weeks (Roberts, 1946).

Poultry

Tick paralysis has been reported in various species of duck.
Muscovy ducks in the northern Sydmney district developed paralysis
but recovered. Brown Rouen ducks kept on the same property were

unaffected, an "immunity" which was thought to be related to their




colour which was not as attractive to the ticks (Turner, 1950).

Native fauna
Tick paralysis is not usually observed in native fauna in the
wild state, although the common host, the bandicoot, may carry many

engorging female ticks. Native fauna, however, when introduced

from a tick-free area to a tick-infested area, or when kept in a

laboratory for 4.5-5 months, succumb to one adult female tick
(Smith, 1942; Koch, 1967). It 1is probable that,in the wild, native
fauna develop an immunity as a result of repeated and light infes-
tations with larvae and nymphs.

Grey and red kangaroos and koala bears kept at Koala Park near
Pennant Hills in New South Wales often carry ticks which engorge
and drop off without causing ill effects. Death, however, was
reported by McMichen (1934) in a wallaby which was introduced from
Tasmania to Koala Park, and examination of the carcass revealed 16

engorged ticks.

Humans

Up to 1945 about 20 deaths from tick paralysis had been
reported in Australia, mostly in children under the age of three
years (Banfield, 1966).

The most comprehensive description of the symptoms was published
by Hamilton (1940) who reported that the disease consists of a wide-
spread lower motor neurone paralysis that commences after the tick
has been feeding for some days and gradually increases in severity.
The child is noticed to be unsteady when walking, the gait at first
being ataxic rather than weak. Soon weakness is apparent, with

staggering gait, falling and difficulty in rising. Within the next




day or two this weakness increases and spreads so that the child can
no longer walk. The arms become tremulous on effort and then
obviously weak. The trunk and neck muscles become limp and the

child has difficulty sitting up and holding up his head. Constipa-

tion may be severe due to flabby abdominél muscles. The muscles of

the face may be affected, the cheeks are smooth, the mouth sags open
and the face is expressionless. Involvement of the external eye
muscles produces a transient squint or diplopia if muscle imbalance
exists. Usually there is no squint, but if the eyes are turned to
one side, nystagmus appears, for the weakened muscles are unable to
hold the eye steady in this strained position. Weakness of the
intrinsic eye muscles produce photophobia or blurring of near vision.
Usually the muscles of deglutition are involved, the child cannot
swallow and food regurgitates through the mouth and fluids through
the nose. The voice becomes thick and indistinct, but not nasal
unless the palatal movement is impaired. If the respiratory muscles
are involved, the respiratory rate increases, the breathing is la-
boured and the child restless and anxious. The external nares
become dilated and cyanosis may develop. The expansion of the

chest from intercostal action is noticeably lessened, or the bulge
of the epigastrium from the downward movement of the diaphragm
during inspiration disappears. As the restlessness of the child
increases, the pulse becomes increasingly rapid and feeble. The
temperature frequently rises several degrees, but the patient may
remain apyrexial throughout the disease. The height of the weakness
is reached approximately 48 hours after the ticks fall off or are
removed. If death occurs it is from respiratory failure, or later
from aspiration pneumonia as a complication of feeding at the height

of the paralysis. Once this period of maximum paralysis is passed,




a gradual recovery sets in and becomes complete in every respect
after a variable period.

In some cases a purely local paralysis develops, especially in
adults. TFoster (1931) examined a case of well-marked facial para-
lysis on the left side, inability to close the left eye, wrinkle the
forehead or whistle. An engorged tick was removed from the left
auditory meatus. Crossle (1932) reported the same condition in a
two year old child where a dead tick was again found in the auditory
meatus.

Three cases of acute systemic sensitivity reactions to tick

bites were described by Banfield (1966). Two cases showed acute

allergic reactions with syncope, while the third presented in acute

anaphylactic shock.

1.6 AETIOLOGY OF TICK PARALYSIS

Three concepts have been considered as possibilities for
explaining the aetiology of tick paralysis:
1) a toxic metabolic product of the tick is produced;
2) a toxic metabolite may be formed from the interaction of tick
saliva and host fluid and tissues; or
3) an organism within the tick may be the source of the disease.
Dodd (1921) found that no organism, protozoan or bacterial,
could be demonstrated in the blood or other body fluids or organs
of naturally and experimentally affected animals. No febrile
reaction or pronounced histological change was seen, and, furthermore,
attempts to transmit the disease by inoculation of blood or cerebro-

spinal fluid failed. The only remaining hypothesis of a living




- 32 -

entity transmitted by the tick was that of an ultra-visible virus
which, while being non-transmissible by artificial inoculationm,
required passage through an intermediate host, the tick, before the
ultimate host could be infected.

Emulsions of brain and spinal cord taken from a child that died
from tick paralysis were made by Ferguson (1924) and injected into
laboratory animals. Two rabbits and four white mice were injected
both intracranially and intraperitoneally with the two emulsioms.
Two white mice died and cultures of Staphylocoecus aureus were
isolated and held responsible for the deaths.

In view of the above work and failure of his own experiments
to isolate an organism or transmit the disease, Ross (1926) felt
that the latent period was not an incubation period as in infective
disease. Onset of signs was observed to depend directly upon the
stage of engorgement attained by the tick, so that if ticks engorge
slowly, signs were not observed for 12-13 days, whereas in those
cases where ticks engorge rapidly, signs were most frequently seen
5-6 days after attachment.

This work clearly defined the close relationship of the stage
of engorgement of the tick to the onset of tick paralysis. It would
appear, therefore, that some change in the physiological activity of
certain organs of the tick during the final rapid stage of engorge-
ment was responsible for the production of the toxic agent. Although
toxic materials could be present in various parts of the tick, inm
order to affect the host they must pass through its mouth parts.

The salivary glands with their ducts which run forward to open into
the base of the buccal capsule in close proximity to the tissues of
the host suggest themselves as a likely source of the toxin, and it

was probably for this reason that Ross (1926) carried out dissections




of numerous ticks.

This work revealed in all cases enormous development of the
salivary glands from ticks which had engorged for 4-5 days, compared
with the size of those from ticks which had only engorged for 2-3
days. In the later stages of engorgement the glands appeared as

prominent pearly-white masses occupying the greater part of the

anterior half of the body cavity. In partially engorged ticks the

glands were much less conspicuous and the alveoli very much smaller.
Two separate types of alveoli were described: a large pear-shaped
alveolus and a much smaller alveolus limited in its distribution to
the main salivary duct.

Emulsions of salivary glands taken from partially engorged
ticks prevented coagulation when mixed with equal or double quantities
of blood (Ross, 1926), thus establishing that an anticoagulant was
present.

It remained to be shown whether a definite toxin could be
demonstrated in the salivary glands. By dissection of numerous ticks
which had engorged for five days on dogs and emulsification of the
salivary glands, Ross (1935) obtained a solution which, if injected
into white mice, would regularly produce death after characteristic
signs of tick paralysis. The minimum lethal dose of this pooled
salivary emulsion for white mice was the equivalent of 2.5-3 glands.
A larger dose of glands from three and four day engorged ticks was
required to produce similar signs, and Ross concluded that the onset
of paralysis was determined by quantitative rather than qualitative
factors. However, even when 30 ticks were placed on a 4.2 kg pup,
clinical signs were not seen before the fourth day.

As tick paralysis was not noted until egg development had

started in the female tick, it was necessary to determine whether




the toxin was associated with ovarian development. Riek (1957),
after studying the eggs of various species of Australian ticks,
including Ixodes holocyclus, stated that toxaemia, a rise in tempe-
rature and death, but no paralysis, followed parenteral injection of
egg extracts. However, in spite of this observation, he added the
interesting notation "that paralysis may be observed in some experi-
mental animals, if the extract is injected éubcutaneously in the
dorsal part of the neck. In such cases, paralysis results from the
inflammatory reaction associated with the injection, and not from
any specific effect of the injected material on the nervous system".
Success in finally isolating the toxin, which is believed to be
similar to that which causes natural tick paralysis, was achieved by
Kaire (1966). Replete Ixodes holocyelus were homogenized and the
protein precipitated from the supernatant fluid by acetone at -40°C.
The precipitate was then dissolved in water and dialysed. The
resulting supernatant was freeze-dried, then fractitionated in
diethylaminoethyl (DEAE)-cellulose columns. Fraction 2 had a lethal

dose for 507 of the population (LDSO) of 200 milligrams per kilogram

(mg.kg-l) in mice. The fatal dose for dogs was 30-40 mg.kg'l. In

dogs the first clinical signs of poisoning appeared about 48 hours
after injection of the toxin and were followed by characteristic
signs: weakness, paralysis of the hindquarters, loss of voice,
respiratory distress, vomiting and death. Mice became affected
within 6-8 hours and usually died within 48 hours. Both types of
animal were protected from the fraction 2 by hyperimmune serum, and
immunization of dogs with the fraction protected them from paralysis
by live ticks. No information regarding the nature of the toxin was
obtained. Results of rechromatography of fraction 2 suggested that

it contained much inert material to which the toxin was loosely bound.




The toxin was resistant to the action of pepsin, trypsin and papain,

FETRT

perhaps because it lacked bonds attacked by these enzymes or only a

part of the molecule, not associated with the toxicity, was split off.
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Koch (1967) demonstrated that with Ixodes holocyclus it was
possible to produce signs in white mice as early as 9-12 hours after
attachment. When an unengorged adult was placed on a mouse, it
killed it in four days. Transfer of this partially engorged female
to other mice killed the second host within 48 hours, the third in
approximately 36 hours, the fourth within 29 hours and the fifth in
9-12 hours after attachment.

Fully engorged detached female adult ticks excrete a deep
wine-red coloured substance through the cuticular canals before
oviposition takes place. This material was collected by Koch (1967)
and injected intraperitoneally into white mice. The white mice died
from respiratory paralysis 9-10 hours after the injection. Exami-
nation of the material revealed the presence of at least nine diffe-
rent substances belonging to the group of simple poly-phenols. The

substances responsible for ‘the toxicity of the mixture and their

relationship to the partially purified toxic fraction prepared by

Raire (1966) has yet to be elucidated.
Three aspects, in particular concerning the aetiology of tick
paralysis, are still not understood:
1) the manner in which the toxin is disseminated from the site of
tick attachment;
the reason for the delay of paralysis following injection of
the toxic fraction (48 hours in the dog and 6-8 hours in the

mouse); and

the mechanism by which a paralysed animal rids itself of the

toxin.




1.7 MECHANISM OF PRODUCTION OF TICK PARALYSIS

Physiological studies

The first physiological studies of paralysis induced by Izodes
holocyclus were carried out by Ross (1926). He stimulated the

peroneus comminis, femoral and median nerves of an anaesthetized

paralysed dog, and when he saw the normal and powerful response, he

concluded that the toxin did not act peripherally. Furthermore, as
the cortex did not seem to be affected, he concluded that the motor
neurones in the anterior horns and nerve cells of the cranial nuclei
were chiefly involved.

Most work concerning nerve conduction and transmission at
myoneural junctions has been carried out in North America on animals
paralysed by the tick Dermacentor andersoni (Stiles). This tick
produces a paralysis which appears similar to that seen with Ixodes
holocyclus. However, three features are strikingly different:

1)  the signs seen with Ixodes holocyclus are more bizarre; vomiting

is common and the animal appears acutely ill;

hyperimmune serum can be produced in dogs to Ixodes holocyclus,

whereas no immunity to Dermacentor andersoni has been observed;

and

when Dermacentor andersoni is removed from the host, signs of

recovery are apparent immediately. Death is unusual unless the

patient is moribund before removal of the tick. With Ixodes

holocyclus the disease progresses and reaches a peak about 48

hours after removal of the tick. Death is common and recovery

is slow and may take weeks.

A short summary of the physioclogical studies carried out on

animals paralysed with Dermacentor andersoni is included, as future




studies with Ixodes holocyclus may show similar neurological
defects to be present.

Initial studies by Murnmaghan (1955,1956) showed conduction to
be present in the motor nerves. However, indirect stimulation
through the peroneal nerve or reflex stimulation through the poste-

rior tibial nerve did not result in contraction of the anterior

tibial muscle, and thus he suspected a bloék at .the neuromuscular

junction and in the spinal cord synapses. As the muscle contracted
when acetylcholine was injected rapidly into the femoral artery, he
concluded that the condition was probably due to a decreased libe-
ration or synthesis of acetylcholine at the nerve end-plate. Later
(1958) he showed that the end-plates were functiomally active by
depolarizing them with succinylcholine and thus the defect seemed
to be a failure of acetylcholine liberation at the nerve terminals.

The results of further experiments (Murnaghan, 1960) indicated
that tick paralysis was due to a defect in conduction of motor nerve
fibres and that the tick "toxin" exhibited a predilection for the
slower-conducting, smaller-diameter fibres. Since direct stimula-
tion of the perfused paralysed muscle failed to liberate acetyl-
choline, a conduction block in the small-diameter terminal motor
fibres was also thought to be present. These studies were substan-
tiated by the report (Murnaghan, 1961) that, although the amplitude
of the potential recorded from the fastest-conducting fibres was
reduced to 30% of normal by moderate paralysis, the potential from
the slower-conducting fibres was reduced to approximately 7% of
normal. Furthermore, moderate paralysis was associated with a
significant reduction in the conduction velocity of the slower-
conducting fibres.

Other workers (Emmons and MclLennan, 1959,1960) demonstrated




that, although acetylcholine was not released in the paralysed animal,
the tissues could still synthesize it. 1In addition, depressed con-
duction existed not only in the spinal motor roots and hence the
peripheral motor nerve fibres, but also in the sensory fibres and in
the myocardium. Furthermore, the transmission processes of the central
nervous system were also depressed.

Cherington and Synder (1968) also found reduced nerve conduction
velocities but felt that no defect was present at the neuromuscular
junction.

Esplin, Philip and Hughes (1960) suggested that the venom has a
biphasic action. Initially there is impairment of the stretch
reflexes, then paralysis at the neuromuscular junctions. Suggestions
that tick paralysis may involve the stretch reflexes is supported by
recent findings that levodopa-compensated Parkinsonian patients can
suffer acute Parkinsonian crisis after tick invenomation (Sax and

Mejlszenkier, 1971). Culebras (1971) reported that if the pathologic

alteration of motor control in Parkinsonism was the result of an

altered alpha-gamma balance with augmented alpha-motor activity and
depressed gamma-motor activity, them tick paralysis could precipitate
decompensation of Parkinsonian manifestations by selective depression
of the gamma loop, presumably at the muscle spindle level as sugges-
ted by Esplin, Philip and Hughes (1960).

Neurophysiological experiments performed in animals paralysed
with Ixodes holocyclus by Cooper, B.J. (Cooper, Cooper, Ilkiw and
Kelly, 1976) demonstrated no change in the amplitude of nerve action
potentials or in maximum conduction velocities. The muscle response,
however, showed a marked reduction in amplitude of the compound
muscle action potential. These results suggested a failure of neuro-

muscular transmission,and further studies which were conducted using




a nerve-muscle preparation taken from mice paralysed by nymphal
Izodes holocyclus demonstrated a reductiom in acetylcholine output
from the nerve terminals. This effect was found to be markedly
temperature dependent. Lowering of the temperature of isolated

tissue reduced the effect.

Biochemical studies

Few biochemical studies of paralysed animals have been made.
Koch (1967) examined tissue homogenates and sub-cellular particle
preparations from gastrocnemius muscle, central nervous system and
liver tissue of paralysed mice. The biochemical abnormality found
in these tissues was an inhibition of those reactions, both extra-
and intra-mitochondrial, which use nicotineadeninedinucleotide (NAD)
coenzyme. The addition of NAD to the reaction mixtures restored the
reaction rates to normal. Oxidative phosphorylation was also
depressed.

Acetylcholine-esterase and the acetylcholine synthesizing
enzyme of the central nervous system were found to function normally.
A decrease in the amount of pyruvic acid production in the

muscle of mice paralysed by Ixodes holocyclus was also found by

Koch (1973).

Immunological studies

Although many authors (Bancroft, 1884; Dodd, 1921; Ross, 1926)
mentioned the phenomenon of immunity to Ixodes holocyclus, especially
among native fauna and dogs living in tick-infested areas, no
experimental work was carried out to substantiate this until 1935.

It was established by Ross (1935) that certain dogs possess a high

degree of immunity to tick paralysis and could tolerate 40-50




engorging ticks without becoming paralysed. He found that 1 ml of
the serum taken from two such animals was capable of neutralizing
20-40 minimum lethal doses of tick salivary secretion in mice, while
10 ml of the serum was of value in curing paralysis induced by a
single tick in pups. In naturally occurring cases evidence pointed

to a 75% recovery of all cases treated as against a recovery rate of

10-60% without the serum. In the serum-treated cases, those which

showed mild or non-progressive signs were excluded from the results.
To determine whether immunity was due to natural or inherited
resistance, Ross (1935) mated a hyperimmune female with a hyperimmune
male and placed ticks on the pups. These pups were found to be no
less susceptible to paralysis than controls, suggesting that immunity
was wholly acquired.
On request by Ross, hyperimmune serum was then produced by the
Commonwealth Serum Laboratories, and the method used was described
by Oxer and Ricardo (1942) and Oxer (1948). Preparation was carried
out in three stages:
1) basal immunization;
2) hyperimmunization; and

3) bleeding and preparation of the serum.

The following table outlines the programme for basal immuni-

zation:
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7 days Half engorgement

Three-quarter engorgement

Full engorgement

Such a programme occupies from 2 to 3 months, and once commenced
it must be continued since acquired immunity is not permanent.

To obtain a hyperimmune serum of sufficient potency for thera-
peutic use, the number of ticks applied is increased to 6, them to
12 and finally to about 30, with 7 days elapsing between each

application.

Hyperimmune serum is collected 18 days after the application of

the final dose of ticks, that is, about 10 days after the majority

of ticks have fully engorged. The dogs are anaesthetized with
pentobarbitone sodium and bled from the jugular vein into bottles
containing potassium oxalate. Each bottle is centrifuged and the
plasma siphoned off. The potassium oxalate is then neutralized with
calcium chloride and the plasma allowed to clot. The serum is
separated from the clot, a preservative is added and the serum
filtered and bottled ready for use.

Although the potency of the serum can be measured against an

emulsion of tick salivary glands, this was found impractical as a




routine measure because of the very large number of ticks that must
be dissected to carry out even one titration.

Kaire (1965) described a method for assay of hyperimmune serum
using the toxic fraction 2 which he isolated from Izodes holocyeclus
homogenates. Results indicated that 1 ml of hyperimmune serum

neutralized 2.3-6.7 minimum lethal doses of toxin in white mice.

Despite the availability of these assay methods, they are not

used in the production of hyperimmune serum in Australia.
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This chapter describes in detail the techniques used throughout
the study. The protocols and any additional methods are outlined in

a separate methods section in each chapter.

2.1 PROTOCOL SUMMARY

Ninety cross-bred dogs ranging in weight from 9.5 to 32.0 kg
were used in these studies. The seasonal incidence of the tick and
the nature of the disease prevented multiple measurements to be
taken simultaneously on many dogs. Although ticks were theoretically
available from October to January, practically this was not always
so, as availability depended on local weather conditions. The dogs
which were used in these experiments had to be prepared and held
until arrival of the ticks, as it was found that the longer the
period between arrival and attachment of ticks, the greater the
number of ticks needed to produce the disease. The nature of the
disease was such that continuous observations of the animals were
necessary, and although in most cases this was achieved, not all
measurements at all stages in every animal were obtained.

As a result the study was divided into several sections:

1. The initial experiment consisted of the measurements of haema-
tological, biochemical and arterial blood-gas and pH values.

The clinical course of the disease was documented so that it

could be divided into stages to facilitate the statistical

analysis of the results. At death the animals were subjected
to post-mortem examination and tissues were collected for
histological examination. Ten dogs with surgically implanted

catheters in the carotid artery were used in this experiment.
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Two dogs were not infested and served as control animals for
analysis of time and individual animal changes.

In the next experiment a detailed study of the effects of Izodes
holocyelus on respiration was undertaken. Respiratory rate,
tidal volume, expiratory time, mixed expired carbon dioxide
tension and arterial blood-gas and pH values were measured.

From these values minute respiratory volume, the ratio of dead
space to tidal volume and the difference between alveolar oxygen
tension and arterial oxygen tension were calculated. Fourteen
dogs with surgically implanted catheters in the carotid artery
were used in this study.

An examination of the electrocardiographic changes observed in
tick paralysis was undertaken in the next experiment. A descrip-
tion of the electrocardiogram and, where relevant, the values

of arterial oxygen tension, plasma potassium concentration,
plasma calcium concentration and body temperature of each dog

at each stage of the disease is presented. Ten dogs with
surgically implanted catheters in the carotid artery were used
in this study.

In the next experiment a detailed study of the effects‘of Izodes
holocyclus on the cardiovascular system was investigated. Ten
dogs were surgically prepared via a left thoracotomy with
catheters in the pulmonary artery, left atrium and aorta, an
electromagnetic flow probe around the ascending aorta and a
micromanometer in the left ventricle. Following surgery the
dogs were allowed two weeks for return to a physiologically
normal state before application of the ticks. Throughout the
various stages of the disease systolic and diastolic arterial

pressure, mean pulmonary arterial and left atrial pressure, mean
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cardiac output, myocardial contractility and arterial and mixed
venous oxygen, carbon dioxide temsion and arterial and mixed
venous pH were measured. Mean arterial pressure, mean cardiac
output per kilogram, systemic vascular resistance per kilogram,
pulmonary driving pressure and pulmonary vascular resistance
per kilogram were calculated.

The final experiment consisted of a comparison of the effects
of various treatments commonly used in tick paralysis with no
treatment or a treatment derived from the previous experiments

on survival rate. Forty-six dogs were used in this experiment.

SELECTION OF DOGS

Cross-bred dogs were obtained from the Sydney University Animal

House and, as prior history was not available, there was no knowledge

of previous tick infestation or immunity.

On arrival all dogs were subjected to a full clinical exami-

nation, vaccinated against distemper and hepatitis and held for at

least two weeks before inclusion in an experiment.

Prior to experimentation all dogs were again given a full

clinical examination and any showing signs of disease or unpleasant

disposition were not used.

2.3

HOUSING OF DOGS

All dogs were housed individually in ventilated kennels and fed

once daily. They were exercised for ome hour night and morning until




signs of paralysis were observed.
Once signs of paralysis appeared the animals were taken to an
air-conditioned laboratory where they were constantly observed, and

throughout this period all food and water was withheld.

2.4 ADULT FEMALE TICKS

An attempt to breed ticks in the laboratory was made to try to
obviate the seasonal dependence of the experiments. This is described
in detail in the appendix (Chapter 9). The laboratory-reared adult
female ticks were found to be unsuitable since no signs of disease
were produced when up to ten ticks were placed on a dog. All experi-~
ments reported in this thesis were conducted using wild-caught unfed

adult female ticks.

Source of ticks

By arrangement with Lismore Serum Products, wild-caught ticks
were made available from October to January. Fifty ticks were placed
in a 1.5 cm diameter perspex container on moistened moss and sent on
the afternoon plane to Sydney. Immediately upon arrival at the
airport the ticks were taken to the laboratory where they were placed
in sterilized jars on moistened sand. In all experiments arrival of

the ticks and placement on the dogs occurred within 48 hours.

Application of the ticks

The dogs were restrained by anaesthesia with halothane, nitrous

oxide and oxygen during application of the ticks (day 0 of attachment).

The inside of the ear was chosen as the site of attachment of the




ticks for two reasomns:

1) under natural conditions most ticks are found on the head and
neck region, and therefore no trouble was anticipated in
obtaining attachment; and
when recording the rate of engorgement and onset of clinical

signs, this site facilitated finding and measuring the ticks.

The ticks were placed at the site of intended attachment and a

blunt-ended probe dipped in water was used to stimulate the under-
surface of the body of the tick. Once the palps parted, tipping the
tick on its head induced initial penetration, and gentle stroking,
simulating removal, assured firm attachment. If attachment was not
observed within five minutes, the ticks were replaced by a fresh
batch.

Ticks obtained from the serum laboratory were very viable,
attached easily and fed aggressively, so that six ticks could be

placed on each of 20 dogs over a period of an hour.

2.5 CATHETERS FOR IMPLANTATION

All catheters for implantation were manufactured from medical
grade polyethylene tubing (internal diameter (ID) 1.00 mm, outer
diameter (OD) 2.00 mm) and silicone-rubber tubing (Silastic, Medical-
Grade ID 1.57 mm, OD 3.18 mm, Dow Corning). To allow passage of the
polyethylene tubing within the silicone-rubber tubing, the latter
was immersed in toluene for three hours to allow expansion. The
polyethylene tubing was then inserted into the silicone-rubber tubing
and the assembled catheter was dried to promote shrinkage of the

silicone-rubber to its original size. The tip of the catheter was




cut as illustrated in Figure 2 i, and the silicone-rubber tubing
advanced 5 mm beyond the polyethylene tubing. The completed catheter
was kept a further seven days for vaporization of all toluene before
implantation. The catheters were prepared as above because both
materials have distinct advantages and disadvantages, which when
used together<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>